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METHODS AND COMPOSITIONS FOR 
TREATING CANCER 

FIELD OF THE INVENTION 

2 
tionally, there is a need for effective anti-cancer treatment 
options for patients who are not responding to current anti 
cancer treatments. Also, there is a need for effective anti 
cancer treatment options for patients whose cancer has 
recurred. 

Methods and compositions for treating cancer are 
described herein. More particularly, the methods for treating 
cancer comprise administering a l 7a-hydroxylase/C17,20- 

lyase inhibitor, such as abiraterone acetate (i.e., 3~-acetoxy- 
17-(3-pyridyl) androsta-5,16-diene), in combination with at 10 
least one additional therapeutic agent, such as an anti-cancer 
agent or a steroid. Furthermore, disclosed are compositions 
comprising a l 7a-hydroxylase/C1 7,20-lyase inhibitor, and al 
least one additional therapeutic agent such as an anti-cancer 
agent or a steroid, e.g., a corticosteroid or, more specifically, 15 
a glucocorticoid. 

BACKGROUND 

The number of people diagnosed with cancer has signifi 
cantly increased. Of special interest are individuals diagnosed 
with androgen-dependent disorders, such as prostate cancer, 
and estrogen-dependent disorders, such as breast cancer since 
such diagnoses are increasing in number at an alarming rate. 

Prostate cancer is currently the most common non-skin 25 
cancer and the second leading cause of cancer-related death in 
men after lung cancer. The primary course of treatment for 
patients diagnosed with organ-confined prostate cancer is 
usually prostatectomy or radiotherapy. Not only are these 
treatments highly invasive and have undesirable side effects, 30 
such localized treatments are not effective on prostate cancer 
after it has metastasized. Moreover, a large percent of indi 
viduals who receive localized treatments will suffer from 

SUMMARY OF THE INVENTION 

Described herein are methods for treating a cancer in 
which a therapeutically effective amount of a 17a-hydroxy 
lase/C, 7,20-lyase inhibitor, such as abiraterone acetate (i.e. 
3~-acetoxy-17-(3-pyridyl)androsla-5,16-diene), is adminis 
tered lo a patient, e.g., a patient in need thereof, in combina 
tion with a therapeutically effective amount of at least one 
additional therapeutic agent including, but not limited to, an 
anti-cancer agent or steroid. Such methods can also provide 
an effective treatment for individuals with a refractory cancer, 
including individuals who are currently undergoing a cancer 

20 treatment. Therefore, in certain embodiments, the method is 
directed to treating a refractory cancer in a patient, in which a 
therapeutically effective amount of l 7a-hydroxylase/C 17,20- 
lyase inhibitor is administered to a patient currently receiving 
an anti-cancer agent. 

For example, in certain embodiments, the method for the 
treatment of a cancer in a mammal comprises administering 
an amount of about 0.01 mg/kg/day to about JOO mg/kg/day 
of abiraterone acetate and an amount of about 0.1 mg/m2 to 
about 20 mg/m2 ofmitoxantrone. 

In another embodiment, the method for the treatment of a 
cancer in a mammal comprises administering an amount of 
about 0.0 l mg/kg/day to about 100 mg/kg/day of abiraterone 
acetate and an amount of about 1 mg/m2 to about 175 mg/m2 

of paclitaxel. 
In still other embodiments, the method for the treatment of 

a cancer in a mammal comprises administering an amount of 
about 0.01 mg/kg/day to about I 00 mg/kg/day of abiraterone 
acetate and an amount of about l mg/nr' to about 100mg/m2 

of docetaxel. 
Furthermore, described herein is a method for the treat 

ment of a cancer in a mammal comprising administering an 
amount of about 0.01 mg/kg/day to about JOO mg/kg/day of 
abiraterone acetate; and an amount of about 0.0 l mg to about 
200 mg of leuprolide, wherein the leuprolide is administered 
over a period of about 3 days to about 12 months. 

In other embodiments, the method for the treatment of a 
cancer in a mammal comprises administering an amount of 
about 0.01 mg/kg/day to about l 00 mg/kg/day of abiraterone 
acetate and an amount of about 0.0 l mg to about 20 mg of 
goserelin, wherein the goserelin is administered over a period 
of about 28 days to about 3 months. 

Additionally, in another embodiment, the method for the 
treatment of a cancer in a mammal comprises administering 
an amount of about 0.01 mg/kg/day to about 100 mg/kg/day 
of abiraterone acetate and an amount of about 0.01 mg to 
about 20 mg of triptorelin, wherein the triptorelin is admin- 
istered over a period of about 1 month. 
The method for the treatment of a cancer in a mammal can 

also comprise administering an amount of about 0.01 mg/kg/ 
day to about l 00 mg/kg/day of abiraterone acetate and an 
amount of about 0.1 µg/day to about 500 ug/day ofseocalci- 
tol, such as about 100 ug/day of seocalcitol. 

Also, the method for the treatment of a cancer in a mammal 
can comprise administering an amount of about 0.0 l mg/kg/ 
day to about 100 mg/kg/day of abiraterone acetate and an 
amount of about 1 mg/day lo about 300 mg/day ofbicaluta- 
mide. 

recurring cancer. 
Additionally, breast cancer incidence in women has 35 

increased from one out of every 20 women in l 960 to one out 
of every eight women in 2005. Moreover, it is the most com 
mon cancer among white and African-American women. 
Similar to treating prostate cancer, most options for women 
diagnosed with breast cancer are highly invasive and have 40 

significant side-effects. Such treatments include surgery, 
radiation and chemotherapy. 

Hormone therapy is another treatment option for individu- 
als diagnosed with prostate or breast cancer. Hormone 
therapy is a form of systemic treatment for prostate or breast 45 
cancer wherein hormone ablation agents are used to suppress 
the production or block the effects of hormones, such as 
estrogen and progesterone in the body which are believed lo 
promote the growth of breast cancer, as well as testosterone 
and dihydrotestosterone, which are believed to promote the 50 
growth of prostate cancer. Moreover, hormone therapy is less 
invasive than surgery and does not have many of the side 
effects associated with chemotherapy or radiation. Hormone 
therapy can also be used by itself or in addition lo localized 
therapy and has shown to be effective in individuals whose 55 
cancer has metastasized. 

Even though hormone therapy is less invasive and can be 
used on more advanced stages of cancer, some individuals 
administered current hormone therapy treatments may not 
show a significant response or may not show any response at 60 
all to such treatments. Additionally, some patients treated 
with current hormone therapy treatments may also suffer 
from relapsing or recurring cancer. Currently, such refractory 
cancer patients are left with very few treatment options. 

Despite the progress made in the treatment of cancer, there 65 
remains a need for more effective ways 10 treat cancer such as, 
but not limited to, prostate cancer and breast cancer. Addi- 
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In yet another embodiment, the method for the treatment of 
a cancer in a mammal can comprise admiui stering an amount 
of about 0.01 mg/kg/day to about 100 mg/kg/day ofabirater 
one acetate and an amount of about I mg/day to about 2000 
mg/day of flutamide. 

Moreover, the method for the treatment of a cancer in a 
mammal can comprise administering an amount of about 50 
mg/day to about 2000 mg/day of abiraterone acetate and an 
amount of about 0.01 mg/day to about 500 mg/day of a 
glucocorticoid including, but not limited to, hydrocortisone, 
prednisone or dexamethasone. 
Also described herein are compositions for the treatment of 

cancer that comprise a combination of a therapeutically effec 
tive amount of at least one 17a-hydroxylase/C17,20-lyase 
inhibitor and a therapeutically effective amount of at least one 
additional anti-cancer agent, such as, but not limited to, 
mitoxantrone, paclitaxel, docetaxel, leuprolide, goserelin, 
triptorelin, seocalcitol, bicalutamide, flutamide, or a steroid 
including, but not limited to, hydrocortisone, prednisone, or 
dexamethasone. 

Finally, single unit dosage forms comprising abiraterone 
acetate and a glucocorticoid, optionally with carriers, diluents 
orexcipients, are contemplated. Also, kits comprising at least 
one 17a-hydroxylase/C17 20-lyase inb.ibitorand an additional 
anti cancer agent or steroid are contemplated. For example, 
the kit may include a vial containing abiraterone acetate and 
another vial containing a glucocorticoid, 

DEFINITIONS 

lyase, (which is an enzyme in testosterone synthesis), an 
analog thereof, derivative thereof, metabolite thereof or phar 
maceutically acceptable salt thereof. Also, unless otherwise 
noted, reference to a particular 17a-hydroxylase/C1 7,20-lyase 
inhibitor can include analogs, derivatives, metabolites or 
pharmaceutically acceptable salts of such particular I 7a 
hydroxylase/C, , ,0-lyase inhibitor. 

The term "anti~cancer agent" as used herein refers to any 
therapeutic agent that directly or indirectly kills cancer cells 

10 or directly or indirectly prohibits stops or reduces the prolif 
eration of cancer cells. It should be noted that even though 
throughout th.is specification and in the claims the phrase 
"anti-cancer agent" is written as a singular noun, for example; 
"an anti-cancer agent" or "the anti-cancer agent," the phrase 

15 "anti-cancer agent" should not be interpreted as being limited 
to the inclusion of a single anti-cancer agent. 

As used herein, and unless otherwise defined, the phrase 
"therapeutically effective amount" when used in connection 
with a 17a-hydrox-ylase/C17,20-lyase inhibitor or therapeutic 

20 agent means an amount of the 17a-hydroxylase/C17,20-lyase 
inhibitor or therapeutic agent effective for treating a disease 
or disorder disclosed herein, such as cancer. 

As used herein and unless otherwise defined the phrase 
"refractory cancer," means cancer that is not responding to an 

25 anti-cancer treatment or cancer that is not responding suffi 
ciently to an anti-cancer treatment. Refractory cancer can also 
include recurring or relapsing cancer. 

As used herein and unless otherwise defined the phrase 
"refractory patient," means a patient who has refractory can 

JO cer. 
As used herein and unless otherwise defined the phrase 

"relapse cancer," means cancer that was at one time respon 
sive to an anti-cancer treatment but has become no longer 
responsive to such treatment or is no longer responding suf- 

35 ficiently to such treatment. 
As used herein and unless otherwise defined the phrase 

"recurring cancer," means cancer that has returned after a 
patient has been earlier diagnosed with cancer, under gone 
treatment or had been previously diagnosed as cancer-free. 

As used herein and unless otherwise defined the term 
"derivative" refers to a chemically modified compound 
wherein the chemical modification takes place at one or more 
functional groups of the compound. The derivative may retain 
or improve the pharmacological activity of the compound 

45 from which it is derived. 

As used herein and unless otherwise defined the word 
"cancer," refers to the growth, division or proliferation of 
abnormal cells in the body. Cancers that can be treated with 
the methods and the compositions described herein include, 
but are not limited to, prostate cancer, breast cancer, adrenal 
cancer, leukemia, lymphoma, myeloma, Waldenstrom 's mac 
roglobulinernia, monoclonal ganuuopathy, benign mono 
clonal garnmopathy, heavy chain disease, bone and connec 
tive tissue sarcoma, brain rumors, thyroid cancer, pancreatic 
cancer, pituitary cancer, eye cancer, vaginal cancer, vulvar 40 

cancer, cervical cancer, uterine cancer, ovarian cancer, esoph 
ageal cancer, stomach cancer, colon cancer, rectal cancer, 
liver cancer, gallbladder cancer, cholangiocarcinoma, lung 
cancer, testicular cancer, penal cancer, oral cancer, skin can 
cer, kidney cancers, Wilms' tumor and bladder cancer. 

As used herein, and unless otherwise defined, the terms 
"treat," "treating" and "treatment" include the eradication, 
removal, modification, management or control of a tumor or 
primary, regional. or metastatic cancer cells or tissue and the 
minimization or delay of the spread of cancer. 

As used herein, and unless otherwise defined, the term 
"patient" means an animal, including but not limited to an 
animal such as a human, monkey, cow, horse, sheep, pig, 
chicken, turkey, quail, cat, dog, mouse, rat, rabbit, or guinea 
pig. In one embodiment, the patient is a mammal and in 55 
another embodiment the patient is a human. In certain 
embodiments, the patient can be an adult male or female. In 
some embodiments, the patient is a male of age about 30 years 
to about 85 years. In other embodiments, the patient is a 
female of age about 30 years to about 85 years. In a particular 60 
embodiment, the patient has or is susceptible to having (e.g., 
through genetic or environmental factors) cancer. In a further 
embodiment, the patient has or is susceptible to having (e.g., 
through genetic or environmental factors) a tumor. In other 
embodiments, the patient can be castrated or non-castrated. 

TI1e term "l 7a-hydroxylase/C17,20-lyase inhibitor" as 
used herein refers to an inhibitor of 17a-hydroxylase/C17,20- 

4 

As used herein and unless otherwise defined the term "ana 
log" refers to a chemical compound that is structurally similar 
to another but differs slightly in composition (as in the 
replacement of one atom by an atom of a different element or 

;o in the presence of a particular functional group). 
As used herein and unless otherwise defined the phrase 

"pharmaceutically acceptable salt" refers to any salt of a 
17a-hydroxylase/C17,20-lyase inhibitor which retains the 
biological effectiveness of the 17a-hydroxylase/C17,20-lyase 
inhibitor. Examples of pharmaceutically acceptable salts 
include, but are not limited to, acetates, sulfates, pyrosulfates, 
bisulfates, sulfites, bisulfites, phosphates, monohydrogen 
phosphates, dihydrogeuphosphates, metaphosphates, pyro 
phosphates, chlorides, bromides, iodides, acetates, propi 
ouates, decanoates, caprylates, acrylaies, formates, 
isobutyrates, caproates, heptanoates, propiolates, oxalates, 
malonates, succinates, suberates, sebacates, fumarares, male 
ates, butyne-1,4-dioates, hexyne-1,6-dioates, benzoates, 
chlorobenzoates, methylbenzoates, dinitrobenzoates, 

65 hydroxybenzoares, methoxybeuzoates, phthalates, sul 
fonates, xylenesulfonates, phylacetates, phenylpropionates, 
phenylbutyrates, citrates, lactates, gamma-hydroxybutyrates, 
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glycollates, tartarates, alkanesulfonates ( e.g. methane-sul 
fonare or mesylare), propanesulfonates, naphthalene-1-sul 
fonates naphthalene-2-sulfonates, and mandelates. Several 
of the officially approved salts are listed in Remington: The 
Science and Practice of Pharmacy, Mack Puhl. Co., Easton. 

DETAILED DESCRIPTION OF THE INVENTION 

The methods described herein for treating cancer comprise 
administering to a mammal, preferably a human, a l 7a-hy- 10 
droxylase/C, , ,0-lyase inhibitor in addition to at least one 
therapeutic agent, such as an anti-cancer agent or steroid, 
particularly a glucocorticoid. The compositions described 
herein comprise a I 7a-hydroxylase/C17,20-lyase inhibitor 
and at least one additional therapeutic agent, such as an anti- 15 
cancer agent or steroid, particularly a corticosteroid or glu 
cocorticoid. Other anti-cancer treatments such as, adminis 
tration of yet another anti-cancer agent, radiotherapy, 
chemotherapy, photodynamic therapy, surgery or other 
immunotherapy, can be used with the methods and composi- 20 
tions. 
l 7a-Hydroxylase/C17,20-Lyase Inhibitors 

17a-hydroxylase/C17,20-lyase inhibitors have been shown 
to be useful in the treatment of cancer, specifically hormone 
dependent disorders such as, androgen-dependent and estro- 25 
gen-dependent disorders like prostate cancer and breast can 
cer respectively, as described in U.S. Pat. No. 5,604,213 to 
Barrie et al., which is herein incorporated by reference in its 
entirety. 

In certain embodiments, the l 7a-hydroxylase/C17 20-lyase 
inhibitor can be 17-(3-pyridyl)androsta-5, l 6-dien-3°~01; 17- 30 

(3-pyridyl)androsta-3,5,16-triene; 17-(3-pyridyl)androsta-4, 
16-dien-3-one; 17-(3-pyridyl)estra-l ,3,5( I 0),16-tetraen-3- 
ol; J 7-(3-pyridyl)-5a-androst-16-en-3a-ol; 17-(3-pyridyl) 
Sa-androst-l 6-en-3-one; 17-(3-pyridyl)-androsta-4,l 6- 
diene-3, l I-dione; 17-(3-pyridyl)-androsta-3,5, 16-trien-3-ol; 35 

6a- and 6~-fluoro-17-(3-pyridyl)androsta-4,16-dien-3-one; 
17-(3-pyridyl)androsta-4, I 6-dien-3,6-dione; 3a-trifluorom 
ethyl-I 7-(3-pyridyl)androst-l 6-en-3~-oI or their acid addi 
tion salts and 3-esters as well as metabolites, analogs, deriva 
tives or a pharmaceutically acceptable salt thereof. 

In certain embodiments, the l 7a-hydroxylase/C17 20-lyase 
inhibitor can have the structure of formula (]): ' 

(I) 

6 
3-desoxy derivatives; to have one or more hydroxy, halo, 
C,_4-aU...-yl, trifluoro-methyl, c,_..-alkoxy, C1_4-alkanoyloxy, 
benzoyloxy, oxo, methylene or alkenyl substituents in the A. 
B, or C-ring; or to be 19-nor; 

R represents a hydrogen atom or an alkyl group of 1-4 
carbon atoms; 

R 14 represents a hydrogen atom, a halogen atom or an alkyl 
group of I to 4 carbon atoms; 

each of the R 15 substiruents independently represents a 
hydrogen atom or an alkyl or alkoxy group of 1-4 carbon 
atoms, a hydroxy group or an alkylcarbonyloxy group of 
2 to 5 carbon atoms or together represent an oxo or 
methylene group or R14 and one of the R15 Jlroups 
together represent a double bond and the other R 1 group 
represents a hydrogen atom or an alkyl group of I to 4 
carbon atoms· and 

R 16 represents a hydrogen atom, halogen atom, or an alkyl 
group of I to 4 carbon atoms, in the form of the free bases 
or pharmaceutically acceptable acid addition salts, but 
excluding 3~-acetoxy-17-(3-pyridyl)androsta-5,14,16- 
triene. 3~, I Sa- and 3~, J 5~-diacetoxy-17-(3-pyridyl) 
androsta-5,16-diene and 3~-methoxy-17-(3-pyridyl 
Sa-androst-l 6-ene. 

Suitable inhibitors also include metabolites, derivatives, 
analogs, or pharmaceutically acceptable salts of'formula (]). 

In another embodiment, the l 7a-hydroxylase/C17,20-lyase 
inhibitor can have the structure of formula (]): 

(I) 

40 

wherein R represents hydrogen or a lower acyl group having 
I to 4 carbons. Suitable inhibitors also include derivatives, 
analogs, or pharmaceutically acceptable salts of formula (]). 

45 In still another embodiment, the 17a-hydroxylase/C17_20- 
lyase inhibitor can be a 3~-alkanoyloxy-17-(3-pyridyl) 
androsta-5,16-diene in which the alkanoyloxy group has 
from 2 to 4 carbon atoms. 

In a preferred embodiment, the 17a-hydroxylase/C17 ,0- 

lyase inhibitor comprises abiraterone acetate or 3~-acetoxy- 
50 17-(3-pyridyl)androsta-5,16-diene which has the following 

structural formula: 

wherein X represents the residue of the A, B and C rings of a 55 
steroid which can be, with.out limitation. androstan-3a- or 
3~-ol; androsr-S-en-Sp- or 3~-ol; androst-4-en-3-one; 
androst-2-ene; androst-4-ene; androst-5-ene; androsta-5,7- 
dien-3a or 3~-ol; androsta-1,4-dien-3-one; androsta-3,5-di 
eue; androsta-3,5-diene-3-ol; estra-1,3,5[ I 0)-triene; estra-1, 
3,5[1 O)-trien-3-ol; Sa-androstan-3-one; androst-4-ene-3,11- 60 

dione: 6-fluoroandrost-4-ene-3-one; or androstan-4-ene-3,6- 
dione; each of which, where structurally permissible, can be 
further derivatized in one or more of the following ways, 
including, but not limited to, to form 3-esters; to have oue or 
more carbon or carbon ring double bonds in any oftb.e 5,6-, 65 
6,7-, 7,8-, 9,1 I- and 11,12-positions; as 3-oximes; as 3-me- 
thylenes; as 3-carboxylates; as 3-nitriles; as 3-nitros; as and pharmaceutically acceptable salts thereof. 

(II) 
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Preferred salts of abiraterone acetate and methods of mak 
ing such salts are also disclosed in U.S. Provisional Applica 
tion No. 60/603,559 to Hunt, which is incorporated by refer 
ence in its entirety. Preferred salts include, but are not limited 
to, acetates, citrates, lactates, alkanesulfonates ( e.g. methane 
sulfonate or mesylate) and tartarates. Of special interest is the 
abiraterone acetate mesylate salt (i.e. 3P-acetoxy-l 7-(3-py 
ridyl)androsta-5,16-diene mesylate salt) which has the fol 
lowing structural formula: 

o,,._ / e --::s::::::::.o 
I 

HO 

~o 

(Ill) 

TI1e l 7a-hydroxylase/C17,20-lyase inhibitors can be made 
according to any method known to one skilled in the art. For 
example, such inhibitors can be synthesized according to the 
method disclosed in U.S. Pat. Nos. 5,604,213 and 5,618,807 
to Barrie et al., herein incorporated by reference. Another 
method of making 17a-hydroxlase/C17,20-lyase inhibitors is 
disclosed in U.S. provisional application 60/603,558 to Bury, 
herein incorporated by reference. 

The amount of I 7a-hydroxylase/C17,20-lyase inhibitor 
administered to a mammal having cancer is an amount that is 
sufficient to treat the cancer, whether the 17a-hydroxylase/ 
C, 7,20-lyase inhibitor is administered alone or in combination 
with an additional anti-cancer treatment, such as an additional 
anti-cancer agent. 
Additional Therapeutic Agents 

Suitable compounds that can be used in addition to 17o. 
hydroxylase/C, , ,0-lyase inhibitors as an anti-cancer agent 
include, but are ~ot limited to, hormone ablation agents, anti 
androgen agents, differentiating agents, anti-neoplastic 
agents, kinase inhibitors, anti-metabolite agents, alkylating 
agents, antibiotic agents, immunological agents, interferon 
type agents, intercalating agents, growth factor inhibitors, 
cell cycle inhibitors, enzymes, topoisomerase inhibitors, bio 
logical response modifiers, mitotic inhibitors, matrix rnetal 
loprotease inhibitors, genetic therapeutics, and anti-andro 
gens. The amount of the additional anti-cancer agent 
administered to a mammal having cancer is an amount that is 
sufficient to treat the cancer whether administered alone or in 
combination with a I 7a-hydroxylase/C17,20-lyase inhibitor. 
Below are lists of examples of some of the above classes of 
anti-cancer agents. The examples are not all inclusive and are 
for purposes of illustration and not for purposes oflimitation. 
Many of the examples below could be listed in multiple 
classes of anti-cancer agents and are not restricted in any way 
to the class in which they are listed in. 

Suitable hormonal ablation agents include, but are not lim 
ited to, androgen ablation agents and estrogen ablation 
agents. In preferred embodiments, the J 7a-hydroxylase/ 
C1 7,20-lyase inhibitor is administered with a hormonal abla 
tion agent, such as deslorelin, leuprolide, goserelin or trip 
torelin. Even though throughout this specification and in the 
claims the phrase "hormonal ablation agent" is written as a 

8 
singular noun, for example; "a hormonal ablation agent" or 
"the hormonal ablation agent," the phrase "hormonal ablation 
agent" should not be interpreted as being limited to the inclu 
sion of a single hormonal ablation agent. The amount of the 
hormonal ablation agent administered to a mammal having 
cancer is an amount that is sufficient to treat the cancer 
whether administered alone or in combination with a l 7a 
hydroxylase/C17,20-lyase inhibitor. 

Suitable anti-androgen agents include but are not limited to 
10 bicalutarnide, flutamide and nilutamide. The amount of the 

anti-androgen agent administered to a mammal having cancer 
is an amount that is sufficient to treat the cancer whether 
administered alone or in combination with a I 7a-hydroxy 
lase/C17,20-lyase inhibitor. 

15 In another embodiment, the J 7a-hydroxylase/C1 7,20-lyase 
inhibitor may be administered with a differentiating agent. 
Suitable differentiating agents include, but are not limited to, 
polyamine inhibitors; vitamin D and its analogs, such as, 
calcitriol, doxercalciferol and seocalcitol; metabolites of 

20 vitamin A, such as, ATRA, retinoic acid, retinoids; short 
chain fatty acids; phenylburyrare; and nonsteroidal anti-in 
flammatory agents. The amount of the differentiating agent 
administered to a mammal having cancer is an amount that is 
sufficient to treat the cancer whether administered alone or in 

25 combination with a I 7a-hydroxylase/C17,20-lyase inhibitor, 
In another preferred embodiment, the J 7a-hydroxylase/ 

C17,20-lyase inhibitor may be administered with an anti-neo 
plastic agent, including, but not limited to, rubulin interacting 
agents, topoisomerase inhibitors and agents, acitretin, alsto- 

30 nine, amonafide, amphethinile, amsacrine, ankinomycin, 
anti-neoplaston, aphidicolin glycinate, asparaginase, baccha 
rin, batracylin, benfluron, benzotript, bromofosfamide, cara 
cemide, carmethizole hydrochloride, chlorsulfaquinoxalone, 
clanfenur, claviridenone, crisnatol, curaderm, cytarabine, 

35 cytocytin, dacarbazine, datelliptinium, dihaematoporphyrin 
ether, dihydrolenperone, dinaline, distamycin, docetaxel, 
elliprabin, elliptinium acetate, epotbilones, ergotamine, eto 
poside, errerinate, fenretinide, gallium nitrate, gen.kwadaph 
nin, hexadecylphosphocholine, homoharringronine, hydrox- 

40 yurea, ilmofosine, isoglutamine, isotretinoin, leukoregulin, 
lonidamine, merbarone, merocyanlne derivatives, methyls 
nilinoacridine, minactivin, mitonafide, mitoquidone, rnitox 
antrone, mopidamol, motretinide, N-(retinoyl)amino acids, 
N-acylated-dehydroalanines, nafazatrom, nocodazole 

45 derivative, ocreotide, oquizanocinc, paclitaxel, pancratista 
tin, pazelliptine, piroxantrone, polyhaematoporphyrin, 
polypreic acid, probimane, procarbazine, proglumide, razox 
ane, retelliptine, spatol, spirocyclopropane derivatives, 
spirogennanium, strypoldinone, superoxide dismutase, teni- 

50 poside, thaliblasti.ne, tocotrienol, topotecan, ukrain, vi.nblas 
ti.ne sulfate, vincristi.ne, vi.ndesine, vinestramide, vinorelbi.ne, 
vintriptol, vinzolidi.ne, and withanolides. The amount of the 
anti-neoplastic agent administered to a mammal having can 
cer is an amount that is sufficient to treat the cancer whether 

55 administered alone or in combination with a 17a-hydroxy 
lase/C, , ,0-lyase inhibitor. 
The 17a-hydroxylase/C17,20-lyase inhibitors may also be 

used with a kinase inhibitor including p38 inhibitors and 
CDK inhibitors, TNF inhibitors, metallomatrix proteases 

60 inhibitors (MMP), COX-2 inhibitors including celecoxib, 
rofecoxib, parecoxib, valdecoxib, and etoricoxib, SOD mim 
ics or a.,p3 inhibitors. The amount of the kinase inhibitor 
administered to a mammal having cancer is an amount that is 
sufficient to treat the cancer whether administered alone or in 

65 combination with a l 7a-hydroxylase/C17,20-lyase inhibitor. 
In another embodiment, the l 7a-hydroxylase/C17 ,0-lyase 

inhibitor may be administered with an anti-metabolite agent. 
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Suitable anti-metabolite agents may be selected from, but not 
limited to, 5-FU-fibrinogen, acanthifolic acid, aminothiadia 
zole. brequinar sodium, carmofur, cyclopentyl cytosine, cyt 
arabine phosphate stearate. cytarabine conjugates, dezagua 
nine, dideoxycytidine, dideoxyguanosine, didox, 
doxifluridine, fazarabine, floxuridine, fludarabine phosphate, 
5-fluorouracil, N-(2'-furanidyl)-5-fluorouracil, isopropyl 
pyrrolizine, methobenzaprim, methotrexate, norspermidine, 
pentostatin, piritrexim, plicamycin, thioguanine, tiazofurin, 
trimetrexate, tyrosine kinase inhibitors, and uricytin. The 1 o 
amount of the anti-metabolite agent administered to a mam 
mal having cancer is an amount that is sufficient to treat the 
cancer whether administered alone or in combination with a 
l 7a-hydroxylase/C17 ,0-lyase inhibitor. 
In another embodiment, the l 7a-hydroxylase/C17 ,0-lyase 15 

inhibitor may be administered with an alkylaring agent. Suit 
able alkylating agents may be selected from, but not limited 
to, aldo-phosphamide analogues, altretamine, anaxirone, 
bestrabucil, budotitane, carboplatin, carmustine, chloram 
bucil, cisplatin, cyclophosphamide, cyplatate, diphenylspiro- 20 
mustine, di platinum cytostatic, elmustine, estramustine phos 
phate sodium, fotemustine, hepsul-fam, ifosfamide, 
iproplatin, lomustine, mafosfamide, mitolacrol, oxaliplatin, 
prednimusrine, ranimustine, semustine, spiromustine, tauro 
mustine, temozolomide, teroxirone, tetraplatin and tri- 25 
melamol. The amount of the alkylating agent administered to 
a mammal having cancer is an amount that is sufficient to treat 
the cancer whether administered alone or in combination with 
al 7a-hydroxylase/C17,20-lyase inhibitor. 

In another preferred embodiment, the l 7a-hydroxylase/ 30 
C, 7,20-lyase inhibitor may be administered with an antibiotic 
agent. Suitable antibiotic agents may be selected from, but not 
limited to. aclarubiciu, actinomycin D, actinoplanone, adria 
mycin, aeroplysinin derivative, amrubicin, anthracycline, 
azino-mycin-A, bisucaberin, bleomycin sulfate, bryostatin-l , 35 
calichemyciu, chromoximycin, dactinomycin, daunorubicin, 
ditrisarubicin B, dexamethasone, doxorubicin, doxorubicin 
fibrinogen, elsarnicin-A, epirubicin, erbstatin, esorubicin, 
esperamicin-Al , esperamicin-Al b, fostriecin, glidobactin, 
gregarin-A, grincamycin, herbimycin, corticosteroids such as 40 
hydrocorrisone, idarubicin, illudins, kazusamycin, kesarirho 
dins, menogaril, rnitomycin, neoenactin, oxalysine, oxauno 
mycin, peplomycin, pilatin, pirarnbicin, porothramycin, 
prednisone, prednisolone, pyrindanycin A, rapamycin, 
rhizoxin, rodornbicin, sibanomicin, siwenmycin, sorangicin- 45 
A, sparsomycin, talisomycin, terpentecin, thrazine, tric 
rozarin A, and zornbicin. The amount of the antibiotic agent 
administered to a mammal having cancer is an amount that is 
sufficient to treat the cancer whether administered alone or in 
combination withal 7a-hydroxylase/C17,20-lyase inhibitor. 50 

Alternatively, the l 7a-hydroxylase/C17,20-lyase inhibitors 
may also be used with other anti-cancer agents, including but 
not limited to, acemannan, aclarnbicin, aldesleukin, alemru 
zumab, alitretinoin, altretamine, amifostine, amsacrine, 
anagrelide, anastrozole, ancestim, bexarotene, broxuridiue, 55 
capecitabine, celmoleukin, cetrorelix, cladribine, clotrima 
zole, daclizumab, dexrazoxane, dilazep, docosanol, doxiflu 
ridine, bromocriptine, carmustine, cytarabine, diclofenac, 
edelfosine, edrecolomab, eflornithine, emitefur, exemestane, 
exisulind, fadrozole, filgrastim, finasteride, fludarabine phos- 60 
phate, fonnestane, fotemustine, gallium nitrate, gemcitabine, 
glycopine, heptaplatin, ibandronic acid, irniquimod, ioben 
guane. irinotecan, irsogladine, lanreotide, Jeflunomide. 
Jenograstim, Jentinan sulfate, letrozole, liarozole, Jobaplatin, 
lonidamine, masoprocol, melarsoprol, metoclopramide, 65 
mifepristone, miltefosine, mirimostim, mitoguazone, mito 
lactol, molgramostim, nafarelin, nartograstim, nedaplatin, 
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nilutamide, noscapine, oprelvekin, osaterone, oxaliplatin, 
parnidrouic acid, pegaspargase, pentosan polysulfate sodium, 
pentostatin, picibanil, pirarubicin, porfimer sodium, ralox 
ifene, raltitrexed, rasburicase, rituximab, romurtide, sargra 
mostim, sizofiran, sobuzoxane. sonennin, suramin, tasoner 
min, tazarotene, tegafur, temoporfin, temozolomide, 
teniposide, tetracWorodecaoxide, thalidomide, thymalfasin, 
thyrotropin alfa, topotecan, toremifene. trastuzumab, treosul 
fan, tretinoin, trilostane, trimetrexate, ubenimex, valmbicin, 
verteporfin, vinorelbine. The amollllt of the anti-cancer agent 
administered to a mammal having cancer is an an1ount that is 
sufficient to treat the cancer whether administered alone or in 
combination with a l 7a-hydroxylase/C17,20-lyase inhibitor. 
The I 7a-hydroxylase/C17,20-lyase inhibitors may also be 

administered or combined with steroids, such as corticoster 
oids or glucocorticoids. The l 7a-hydroxylase/C17_20-lyase 
inhibitors and the steroid may be administered in the· same or 
in different compositions. Non-limiting examples of suitable 
steroids include hydrocortisone, prednisone, or dexametha 
sone. The amount of the steroid administered to a mammal 
having cancer is an amount that is sufficient to treat the cancer 
whether administered alone or in combination with a l 7a 
hydroxylase/C17,20-lyase inhibitor. 

In one embodiment, provided herein are methods and com 
positions comprising both abiraterone acetate and a steroid 
particularly a corticosteroid, or more particularly a glucocor 
ticoid. Steroids within the scope of the disclosure include, but 
are not limited to, (I) hydrocortisone (cortisol; cyprionate 
(e.g., CORTEF), oral; sodium phosphate injection (HYDRO 
CORTONE PHOSPHATE); sodium succinate (e.g., A-HY 
DROCORT, Solu-CORTEF); cortisone acetate oral or injec 
tion fom1s, etc.), (2) dexamethasone (e.g., Decadron, oral; 
Decadron-LA injection, etc.), (3) prednisolone (e.g., Delta 
CORTEF, prednisolone acetate (ECONOPRED), pred.n.iso 
Jone sodium phosphate (HYDELTRASOL), prednisolone 
tebutate (HYDELTRA-TBA, etc.)), or (4) prednisone DEL 
TASONE, etc.) and combinations thereof. See. e.g., GcxmMAN 
& Grr,MAN'S THE PHAR.,=coLOGICAL BASIS OF THERAPEUTICS, l 0TH 
EDITION 200 J. 

ln a specific embodiment. single unit solid oral dosage 
forms which comprise an amount from about 50 mg to about 
300 mg of abiraterone acetate and an amollllt from about 0.5 
mg to about 3.0mg ofa steroid, e.g., g!ucocorticoid ina single 
composition, optionally with excipients, carriers, diluents, 
etc. is contemplated. For instance, the single unit dosage form 
can comprise about 250 mg of abiraterone acetate and about 
1.0mg, I .25 mg, 1.5 mg, or2.0mgofa steroid. such as but not 
limited to corticosteroids or glucocorticoids. 
Administration of the l 7a-Hydroxylase/C17 ,0-Lyase Inhibi- 
tor and an Additional Therapeutic Agent ·· 

The l 7a-hydroxylase/C17,20-lyase inhibitor and the addi 
tional therapeutic agent, such as an anti-cancer agent or a 
steroid can be administered by any method known to one 
skilled in the art. In certain embodiments, the I 7a-hydroxy 
lase/C17,20-lyase inhibitor and the additional therapeutic 
agent can be in separate compositions prior to administration. 
In the alternative, the I 7a-hydroxylase/C17,20-lyase inhibitor 
and the additional therapeutic agent can be combined into a 
single composition for administration. 

The l 7a-hydroxylase/C17_20-lyase inhibitor and the addi 
tional therapeutic agent can be administered sequentially or 
simultaneously. If administered sequentially, the order of 
administration is flexible. For instance, 17a-hydroxylase/ 
C17,20-lyase inhibitor acetate can be administered prior to 
administration of the additional therapeutic agent. Alterna- 

MYLAN PHARMS. INC. EXHIBIT 1001 PAGE 8 



US 8,822,438 B2 
11 12 

lively, administration of the additional therapeutic agent can 
precede administration of l 7a-hyciroxylase/C17,20-lyase 
inhibitor. 

Whether they are administered as separate compositions or 
in one composition, each composition is preferably pharma 
ceutically suitable for administration. Moreover, the l 7a 
hydroxylase/C17,20-lyase inhibitor and the therapeutic agent, 
if administered separately, can be administered by the same or 
different modes of administration. Examples of modes of 
administration include parenteral (e.g., subcutaneous, intra 
muscular, intraorbital, intracapsular, intraspinal, intrasternal, 
intravenous, intradetinal, intraperitoneal, intraportal, intra 
arterial, intrathecal, transmucosal, intra-articular, and intra 
pleural), transdermal (e.g., topical), epidural, and mucosa! 15 
(e.g., intranasal) injection or infusion, as well as oral, inhala 
tion, pulmonary, and rectal administration. In specific 
embodiments, both are oral. 

For example, the I 7a-hydroxylase/C17,20-lyase inhibitor 
can be administered transdermally and the additional thera- 20 
pentic agent can be administered parenterally. Alternatively, 
the 17a-hydroxylase/C17 ,0-lyase inhibitor can be adminis 
tered orally, such as in a 'iablet, caplet or capsule, while the 
additional therapeutic agent can be administered intrave 
nously. Such intravenous administered therapeutic agents 25 
include, but are not limited to, docetaxel injections, such as 
Taxotere®; paclitaxel injections, such as Paclitaxel® and 
mitoxantrone injections, such as Novantrone®. Also, the 
additional therapeutic agent can be in the form of depots or 
implants such as leuprolide depots and implants, e.g. Viadur® 30 
and Lupron Depot®; triptorelin depots, e.g. Trelstar®; gos 
erelin implants, e.g. Zoladex®. 

Tue suitable daily dosage of the l 7a-hydroxylase/C17 20- 

lyase inhibitor depends upon a number of factors, including, 
the nature of the severity of the condition to be treated, the 35 
particular inhibitor, the route of admini stration and the age, 
weight, and response of the individual patient. Suitable daily 
dosages of l 7a-hydroxylase/C17,20-lyase inhibitors can gen 
erally range from about 0.0001 mg/kg/day to about 1000 
mg/kg/day, or from about 0.001 mg/kg/day to about 200 40 

mg/kg/day, or from about 0.01 mg/kg/day to about 200 
mg/kg/day, or from about 0.01 mg/kg/day to about 100 
mg/kg/day in single or multiple doses. 

In some embodiments, the 17a-hydroxylase/C17.20-lyase 
inhibitor can be administered in an amount from about 0.004 45 
mg/day to about 5,000 mg/day, or from about 0.04 mg/day to 
about 3,000 mg/day, or from about 0.4 mg/day to about 1500 
mg/day. In certain embodiments, the l 7a-hydroxylase/ 
C1 7,20-lyase inhibitor can be administered in an amount from 
about 0.1 mg/day to about 2000 mg/day or from about I 50 
mg/day to about 2000 mg/day or from about 50 mg/day to 
about 2000 mg/day or from about 100 mg/day to about 1500 
mg/day or from about 5 mg/day to about 1,000 mg/day or 
from about 5 mg/day lo about 900 mg/day or from about IO 
mg/day to about 800 mg/day or from about 15 mg/day to 55 
about 700 mg/day or from about 20 mg/day lo about 600 
mg/day or from about 25 mg/day to about 500 mg/day in 
single or multiple doses. 

In certain embodiments, the l 7a-hydroxylase/C1 7,20-lyase 
inhibitor is co-admini stered with an additional anti-cancer 60 
agent such as mitoxautrone, paclitaxel or docetaxel. For 
example, a method for the treatment of a cancer in a mammal 
comprises administering an amount of abiraterone acetate 
and an amount of mitoxantrone. For example, the abiraterone 
acetate can be administered in an amount of about 0.01 
mg/kg/day to about I 00 mg/kg/day and the mitoxanrrone can 
be administered in an amount of about 0.1 mg/m2 to about 20 

mg/m? Preferably, the mitoxantrone is admini stered over a 
period of between about 10 to about 20 minutes once every 21 
days. 

Also, a method for the treatment of a cancer in a mammal 
can comprise administering an amount of abiraterone acetate 
and an amount of paclitaxel. In one embodiment, the abirater 
one acetate can be administered in an amount of about 0.01 
mg/kg/day to about 100 mg/kg/day and the paclitaxel can be 
administered in the amount of about I mg/m2 to about 175 

to mg/m2 Preferably, the paclitaxel is administered over a 
period of between about 2 to about 5 hours once every three 
months. 

Additionally, a method for the treatment of a cancer in a 
mammal comprises admini stering an amount of abiraterone 
acetate and an amount of docetaxel. For example, the abi 
raterone acetate can be administered in an amount of about 
0.01 mg/kg/day to about 100 mg/kg/day and the docetaxel 
can be administered in an amount of about I mg/m2 lo about 
I 00 mg/m2 Preferably, the docetaxel is administered over a 
period of between about I to about 2 hours once every three 
weeks. 

In certain embodiments, the J 7a-hydroxylase/C17 ,0-lyase 
inhibitor is admini stered along with an anti-cancer agent that 
comprises a hormonal ablation agent, including, but not lim 
ited to, leuprolide, goserelin, or triptorelin. For example, one 
method for the treatment of a cancer in a mammal also com- 
prises administering an amount of abi.raterone acetate and an 
amount of leuprolide. Tue amount ofabiraterone acetate can 
be about O.QI mg/kg/day to about JOO mg/kg/day and the 
amount ofleuprolide can be about 0.01 mg to about 200 mg 
over a period of about 3 days to about 12 months. Preferably, 
the leuprolide is administered in the amount of about 3.6 mg 
of leuprolide over a period of about 3 days to about 12 
months. 

Additionally, the methods for the treatment of cancer in a 
mammal include administering an amount of abiraterone 
acetate and an amount of goserelin. For example, the amount 
of abiraterone acetate can be about 0.01 mg/kg/day to about 
I 00 mg/kg/day and the amount of goserelin can be about 0.01 
mg to about 20 mg over a period of about 28 days to about 3 
months. Preferably, the goserelin is administered in the 
amount of about 3.6 mg lo about 10.8 mg over a period of 
about 28 days to about 3 months. 

In certain embodiments the methods for the treatment of 
cancer in a mammal comprises administering an amount of 
abiraterone acetate and an amount oftriptorelin. For example, 
the amount of abi.raterone acetate can be about 0.01 mg/kg/ 
day to about I 00 mg/kg/day and the amount oftriptorelin can 
be about 0.01 mg lo about 20 mg, over a period of about I 
month, preferably the triptorelin is administered in the 
amount of about 3.75 mg over a period of about I month. 

Also, in one embodiment, the method for the treatment of 
a cancer in a mammal comprises administering an amount of 
abiraterone acetate and an amount of seocalcitol. For 
instance, the method involves administering an amount of 
about 0.01 mg/kg/day to about I 00 mg/kg/day of abiraterone 
acetate and an amount of about 0.1 µg/day to about 500 
µg/day of seocalcitol, such as about I 00 [Lg/day of seocalcitol. 

In another embodiment, the method for the treatment of a 
cancer in a mammal comprises administering an amount of 
abiraterone acetate and an amount of bicalutamide. For 
instance, the method involves administering an amount of 
about 0.0 I mg/kg/day to about I 00 mg/kg/day of abiraterone 
acetate and an amount of about I mg/day to about 300 mg/day 

65 of'bicalutamide, 
In yet another embodiment, the method for the treatment of 

a cancer in a mammal comprises administering an amount of 
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abiraterone acetate and an amount of flutamide. For example, 
the method comprises admini stering an amount of about 0.01 
mg/kg/day to about l 00 mg/kg/day of abiraterone acetate and 
an amount of about l mg/day to about 2000 mg/day of fluta 
mide. 

Moreover, the method for the treatment of a cancer in a 
mammal can comprise administering an amount of a l 7a 
hydroxylase/C, , ,0-lyase inhibitor such as abiraterone 
acetate and an an1mU1t of a glucocorticoid including, but not 
limited to, hydrocortisone, prednisoneordexamethasone. For 10 
example, the method can comprise administering an amount 
of about 50 mg/day to about 2000 mg/day of abiraterone 
acetate and an amount of about 0.01 mg/day to about 500 
mg/day of hydrocortisone. In other instances, the method can 
comprise administering an amount of about 500 mg/day to 15 
about 1500 mg/day of abiraterone acetate and an amount of 
about JO mg/day to about 250 mg/day of hydrocortisone. 

The method for the treatment of a cancer can also comprise 
administering an amount of a l 7a-hydroxylase/C1 7 ,0-lyase 
inhibitor, such as abiraterone acetate, and an amo~;lt of a 20 
glucocorticoid, such as prednisone. For example, the method 
can comprise administering an amount of a bout 50 mg/day to 
about 2000 mg/day of abiraterone acetate and an amount of 
about 0.01 mg/day to about 500 mg/day of prednisone. Also, 
the method can comprise administering an amount of about 25 
500 mg/day to about l 500 mg/day of abiraterone acetate and 
an amount of about l O mg/day to about 250 mg/day of pred 
nisone. 

In addition, the method for the treatment of a cancer can 
also comprise administering an amount of a l 7a-hydroxy 
lase/C 17 ,20-lyase inhibitor, such as abiraterone acetate, and an 
amount of a glucocorticoid, such as dexamethasone. For 
example, the method can comprise administering an amount 
of about 50 mg/day to about 2000 mg/day of abiraterone 
acetate and an amount of about 0.01 mg/day to about 500 35 
mg/day of dexamethasone. Also, the method can comprise 
administering an amount of about 500 mg/day to about 1500 
mg/day of abiraterone acetate and an amount of about 0.5 
mg/day to about 25 mg/day of dexamethasone. 
Compositions Containing a l 7a-Hydroxylase/C17,20-Lyase 40 
Inhibitor and an Additional Therapeutic Agent 

In certain embodiments, the compositions can contain a 
combination of a l 7a-hydroxylase/C17 ,0-lyase inhibitor, 
preferably abiraterone acetate, and any ·~f the therapeutic 
agents recited above. Whether the 17a-hydroxylase/C17,20- 45 
lyase inhibitor and the additional therapeutic agent are 
administered in separate compositions or as a single compo 
sition, the compositions can take various forms. For example, 
the compositions can take the form of solutions, suspensions, 
emulsions, tablets, pills, capsules, powders or sustained-re- 50 
lease formulations, depending on the intended route of 
administration. 

For topical or transdermal administration, the composi 
tions can be formulated as solutions, gels, ointments, creams, 
suspensions or salves. 

For oral administration, the compositions may be formu 
lated as tablets, pills, dragees, troches, capsules, liquids, gels, 
syrups, slurries, suspensions and the like, for oral ingestion by 
a patient to be treated. 

Tue composition may also be fonuulated in rectal or vagi- 60 
nal compositions such as suppositories or retention enemas 
that contain conventional suppository bases such as cocoa 
butter or other glycerides. 

In addition lo the formulations described previously, the 
composition may also be formulated as a depot preparation. 65 
Such long acting formulations may be administered by 
implantation (for example subcutaneously or intramuscu- 

larly) or by intramuscular injection. Thus, for example, the 
therapeutic agents may be formulated with suitable poly 
meric or hydrophobic materials (for example as an emulsion 
in an acceptable oil) or ion exchange resins, or as sparingly 
soluble derivatives. for example, as a sparingly soluble salt. 

Additionally, the composition may be delivered using a 
sustained-release system, such as semi-permeable matrices 
of solid polymers containing the composition. Various forms 
of sustained-release materials have been established and are 
well known by those skilled in the art. Sustained-release 
capsules may, depending on their chemical nature can release 
the composition over a period of hours, days, weeks, months. 
For example a sustained release capsule can release the com 
positions over a period of 100 days or longer. Depending on 
the chemical narure and the biological stability of the com 
position, additional strategies for stabilization may be 
employed. 

Tue compositions can further comprise a pharmaceutically 
acceptable carrier. The term "carrier" refers to a diluent, 
adjuvant (e.g., Freund's adjuvant (complete and incom 
plete)), excipient. or vehicle with which the therapeutic is 
administered. 

For parenteral administrations, the composition can com 
prise one or more of the following carriers: a sterile diluent 
such as water for injection, saline solution, fixed oils, poly 
ethylene glycols, glycerin, propylene glycol or other syn- 
thetic solvents; antibacterial agents such as benzyl alcohol or 
methyl parabens; antioxidants such as ascorbic acid or 
sodium hi sulfite; chelating agents such as ethylenediamine- 

30 tetraacetic acid; buffers such as acetates, citrates or phos 
phates and agents for the adjustment of tonicity such as 
sodium chloride or dextrose. The parenteral preparation can 
be enclosed in ampules, disposable syringes or multiple dose 
vials made of glass or plastic. 

For oral solid formulations suitable carriers include fillers 
such as sugars, e.g., lactose, sucrose, mannitol and sorbitol; 
cellulose preparations such as maize starch, wheat starch, rice 
starch, potato starch, gelatin, gum tragacanth, methyl cellu 
lose, hydroxypropylmethyl-cellulose, sodium carboxymeth 
ylcellulose, fats and oils; granulating agents; and binding 
agents such as microcrystalline cellulose, gum tragacauth or 
gelatin; disintegrating agents, such as cross-linked polyvi 
nylpyrrolidone, agar, or alginic acid or a salt thereof such as 
sodium alginate, Primogel, or com starch; lubricants, such as 
magnesium stearate or Sterotes: glidants, such as colloidal 
silicon dioxide; a sweetening agent. such as sucrose or sac- 
charin; or flavoring agents, such as peppermint, methyl sali 
cylate, ororange flavoring. If desired, solid dosage forms may 
be sugar-coated or enteric-coated using standard techniques. 

For intravenous administration, suitable carriers include 
physiological saline, bacteriostatic water, phosphate buffered 
saline (PBS). In all cases, the composition must be sterile and 
should be fluid to the extent that easy injectability with a 
syringe. It must be stable under the conditions of manufacture 

55 and storage and must be preserved against the contaminating 
action of microorganisms such as bacteria and fungi. TI1e 
carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, pro- 
pylene glycol, and liquid polyethylene glycol, and the like), 
and suitable mixtures thereof. The proper fluidity can be 
maintained, for example, by the use of a coating such as 
lecithin , by the maintenance of the required particle size in the 
case of dispersion and by the use of surfactants. Prevention of 
the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. 
In many cases, it will be preferable to include isotonic agents, 
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for example, sugars; polya]cohols such as mannitol, sorbitol; 
sodium chloride in the composition. Prolonged absorption of 
the injectable compositions can be brought about by includ 
ing in the composition an agent which delays absorption, for 
example, aluminum monostearate and gelatin. 

Also for intravenous administration, the compositions may 
be formulated in solutions, preferably in physiologically 
compatible buffers such as Hanks's solution, Ringer's solu 
tion, or physiological saline buffer. The solution may contain 
formulatory agents such as suspending, stabilizing and/or JO 
dispersing agents. In a preferred embodiment, the composi 
tions are formulated in sterile solutions. 

For transmucosal administration, penetrants appropriate to 
the barrier to be permeated are used in the formulation. Such J5 
penetrants are generally known in the art, and include, for 
example, for transmucosal administration, detergents, bile 
salts, and fusidic acid derivatives. Transmucosal administra 
tion can be accomplished through the use of nasal sprays or 
suppositories. 

For administration by inhalation, the compositions may be 
formulated as an aerosol spray from pressurized packs or a 
nebulizer, with the use of a suitable propellant, e.g., dichlo 
rodifluoromethane, trichlorofluoromethane, dichlorotet 
rafluoroethane, carbon dioxide or other suitable gas. In the 25 
case of a pressurized aerosol, the dosage unit may be deter 
mined by providing a valve to deliver a metered amount. 
Capsules and cartridges of gelatin for use in an inhaler or 
insuffiator may be formulated containing a powder mix of the 
composition and a suitable powder base such as lactose or 
starch. 

The pharmaceutical compositions may be manufactured 
by means of conventional mixing, dissolving, granulating, 
dragee-making, levigating, emulsifying, encapsulating, 
entrapping or lyophilizing processes. 

One example of a composition comprising a l 7a-hydroxy 
lase/C17,20-lyase inhibitor and an additional therapeutic agent 
is an oral composition or composition suitable fororal admin 
istration comprising abiraterone acetate in combination with 
a steroid. For example, the oral composition can be a solid 40 

dosage form such as a pill, a tablet or a capsule. The oral 
composition can comprise about JO mg, 25 mg, 50 mg, 75 mg, 
I 00 mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, 
450 mg, 500 mg, 550 mg, 600 mg, 650 mg, 700 mg, 750 mg, 
800 mg, 850 mg, 900 mg, 950 mg, or I 000 mg of abiraterone 45 
acetate. The oral composition can comprises about 0.25 mg, 
0.5 mg, 0.75 mg, 1.0 mg, 1.25 mg, 1.5 mg, 1.75 mg, 2.0 mg, 
2.25 mg, 2.5 mg, 2.75 mg, 3.0 mg, 3.25 mg, 3.5 mg, 3.75 mg, 
4.0 mg, 4.25 mg, 4.5 mg, 4.75 mg, 5.0mg, 7.5 mg, 10mg, 20 
mg, 30 mg, 40 mg or 50 mg of a steroid, such as a glucocor 
ticoid. 

In one embodiment, the oral composition can comprise 
about 50 mg to about 500 mg of abiraterone acetate and an 
amount of about 0.25 mg 10 about 3.5 mg of the steroid, such 
as hydrocortisone, prednisone or dexamethasone. In other 
instances, the composition can comprise about 50 mg to about 
300 mg of abiraterone acetate and an amount of about 1.0 mg 
to about 2.5 mg of the steroid, such as hydrocortisone, pred 
nisone or dexamethasone. In another embodiment the com 
position can comprise about 50 mg to about 300 mg of abi- 60 
raterone acetate and about 0.5 mg to about 3.0 mg ofa steroid. 
For example, the oral composition can be a tablet containing 
250 mg of abiraterone acetate; 1.25 mg or 2.0 mg of a steroid, 
such as hydrocortisone, prednisone or dexamethasone; and 
one or more carriers, excipients, diluents or additional ingre 
dients. Additionally, the oral composition can be a capsule 
containing 250 mg of abiraterone acetate; 1.25 mg or 2.0 mg 
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of a steroid, such as hydrocortisone, prednisone or dexam 
ethasone; and one or more carriers, excipients, diluents or 
additional ingredients. 

The description contained herein is for purposes of illus 
tration and not for purposes of limitation. The methods and 
compositions described herein can comprise any feature 
described herein either alone or in combination with any other 
fearurers) described herein. Changes and modifications may 
be made to the embodiments of the description. Furthermore, 
obvious changes, modifications or variations will occur to 
those skilled in the art. Also, all references cited above are 
incorporated herein, in their entirety, for all purposes related 
to this disclosure. 

What is claimed is: 
1. A method for the treatment of a prostate cancer in a 

human comprising administering to said human a therapeu 
tically effective amount of abiraterone acetate or a phanna 
ceutically acceptable salt thereof and a therapeutically effec- 

20 tive amount of prednisone. 
2. The method of claim 1, wherein the therapeutically 

effective amount of the abirarerone acetate or pharmaceuti 
cally acceptable salt thereof is from about 50 mg/day to about 
2000mg/day. 

3. The method of claim 2 wherein the therapeutically 
effective amount of the abiraterone acetate or pharmaceuti 
cally acceptable salt thereof is from about 500 mg/day to 
about 1500 mg/day. 

4. The method of claim 3, wherein the therapeutically 
30 effective amount of the abiraterone acetate or pharmaceuri 

cally acceptable salt thereof is about 1000 mg/day. 
5. The method of claim 1, wherein the therapeutically 

effective amount of the abiraterone acetate or a pharmaceu 
tically acceptable salt thereof is administered in at least one 

35 dosage form comprising about 250 mg of abiraterone acetate 
or a pharmaceutically acceptable salt thereof. 

6. The method of claim 1, wherein the therapeutically 
effective amount of the prednisone is from about 0.0 I mg/day 
to about 500 mg/day. 

7. The method of claim 6, wherein the therapeutically 
effective amount of the prednisone is from about IO mg/day to 
about 250 mg/day. 
8. The method of claim 7, wherein the therapeutically 

effective amount of the prednisone is about JO mg/day. 
9. The method of claim 1, wherein the therapeutically 

effective amount of the prednisone is administered in at least 
one dosage form comprising about 5 mg of prednisone. 

10. The method of claim 1, comprising administering to 
said human about 500 mg/day to about 1500 mg/day ofabi- 

50 raterone acetate or a pharmaceutically acceptable salt thereof 
and about O.QJ mg/day to about 500 mg/day of prednisoue. 

11. The method of claim 10, comprising administering to 
said human about 1000 mg/day of abiraterone acetate or a 
pharmaceutically acceptable salt thereof and about l 0 

55 mg/day of prednisoue, 
12. The method of claim 1, wherein said prostate cancer is 

refractory prostate cancer. 
13. The method of claim 12, wherein the refractory prostate 

cancer is not responding to at least one anti-cancer agent. 
14. The method of claim 13, wherein the at least one 

anti-cancer agent comprises a hormonal ablation agent, an 
anti-androgen agent, or an anti-neoplastic agent. 

15. The method of claim 14, wherein the hormonal ablation 
agent comprises deslorelin, leuprolide, goserelin, or triptore- 

65 Jin. 
16. The method of claim 14, wherein the anti-androgen 

agent comprises bicalutamide, flutamide, or nilutamide. 
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17. The method of claim 14, wherein the anti-neoplastic 
agent comprises docetaxel. 

18. The method of claim 12, comprising administering to 
said human about 500 mg/day to about 1500 mg/day of abi 
raterone acetate or a pharmaceutically acceptable salt thereof 5 
and about O.QJ mg/day to about 500 mg/day of prednisone. 

19. The method of claim 18, comprising administering to 
said human about 1000 mg/day of abiraterone acetate or a 
pharmaceutically acceptable salt thereof and about I 0 
mg/day of prednisone. to 

20. The method of claim 17, comprising administering to 
said human about 1000 mg/day of abiraterone acetate or a 
pharmaceutically acceptable salt thereof and about I 0 
mg/day of prednisone. 

18 
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(57] ABSTRACT 

Compounds of the general formula (!) 

R (I) 

N 

wherein X represents the residue of the A, B and C rings of 
a steroid, R represents a hydrogen atom oran alkyl group of 
1 to 4 carbon atoms, R 14 represents a hydrogen atom and R 15 

represents a hydrogen atom or an alkyl or alkox-y-group of 
1--4 carbon atoms,.or a hydroxy or alkyJcarbonyloxy group 
of 2 to 5 carbon atoms' or R.14 ,;;d R15 together represent a 
double bond, and R 16 represents a hydrogen aarm or an alkyl 
gTOUJl I t 4 carbon atoms, in the form~ the free bases 
or p annac tically acceptable acid addition salts, are useful 
for ent of androgen-dependent disorders, especially 
prostatic cancer, and also oestrogen-dependent disorders 
such as breast cancer. 

22 Claims, No Drawings 
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17-SUBSTITUTED STEROIDS USEFUL IN 
CANCER TREATMENT 

TIIis specification is a continuation-in-part of PCT Appli 
cation PCT/GB93/00531, filed Mar. 15, 1993 and which 
designated the United States of America. 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
TIIis invention relates to 17-substituted steroids and their 

use in the treatment of androgen-dependent and oestrogen 
dependent disorders, especially prostatic cancer and breast 
cancer respectively. 

2. Description of the Related Art 
The 17a-hydroxylase/C17_20 lyase enzyme complex 

(hereinafter "hydroxylase/lyase") is known to be essential 
for the biosynthesis of androgens and oestrogens. In the 
treatment of androgen-dependent disorders, especially pro 
static cancer, there is a need for strong inhibitors ofhydroxy 
lase/lyase. Certain anti-androgenic steroids are well known, 
for example Cyproterone acetate (l 7a-acetoxy-6-chloro-l a, 
2a-methylene-4,6-pregnadiene-3,20-dione). Many other 

(

steroids have been tested as hydroxylase/lyase inhibitors. 
See, for example, PCT Specification WO 92/00992 (Scher 
ing AG) which describes anti-androgatic tre"rdfas having a 
pyrazole or triazole ring fused to the A ring at the 2,3- 
position, or European Specifications EP-A 288053 and EP-A 
413270 (Merrell Dow) which propose 17P-cyclopropy- 
lamino androst-S-en-Sp-ol or -4-en-3-one and their deriva 
tives. 

SUMMARY OF THE INVE~ 

It has now surprisingly been found th~cking a 
C20 side chain and having a 17-(3-pyridyl) ring in its place, 
together with a 16,17-double bond, are powerful hydroxy 
lase/lyase inhibitors, useful for the above-stated purposes. 

According to -the invention, there are provided com 
pounds of the general formula 

R (I) 

N 

2 
4 carbon atoms, in the form of the free bases or 
pharm~a uticatt~· c cceptable acid addition salts. 

The te "steroi " erein includes any compound having 
the steroi ll)Jl.. C rings, but in which all or part of the A 
ring is rrussmg e.g. ring not closed (lacking the 2- or 
3-position C-atom or both) or takes the form of a cyclopen 
tane ring. It als~3)!~1 azasteroids having a ring nitrogen 
atom in place °!rr1flg c on atom, especially in the A-ring 
such as in 4-apste!9i s. 

10 In general, iliecompounds of formula (1) are new and 
such compounds per se are i d in the invention. 
However, certain of them hav been · sclosed as interme 
diates in the synthesis of ce ·n steroi having a 3-pyridyl 
or 3-pyridonyl group in the 1 -posi · n, see J. Wicha and 

15 M. Masnyk, Bulletin of the P · Academy of Sciences: 
Chemistry 33 ()-2), 19-27 and 29-37 (1985). The first of 
these papers says that a l 7P-side chain of the form 
-C=C-C=O or -C=C-C=N favours cardiotonic 
properties and describes the synthesis of l 7P-(3-pyridyl)- 

20 14P-androst-4-ene-3p,14-diol, while the second uses this 
compound to prepare 17P-[3-pyrid-2(1H)onyl]-14P-an 
drost-4-ene-3p,!4-diol. Those final compounds differ from 
those of the present invention by having a saturated D-ting 
and the paper contains no test results. Insofar as certain 

lompounds within formula (1) are known as intermediates 
n these syntheses, the invention extends to the compounds 
nly for use in therapy. These are 3P-acetoxy-l 7-(3-pyridy 
androsta-5,14,16-triene and 3P,15a- and 3P,15P-diac 

etoxy-17-(3-pyridyl)androsta-5,16-diene. See also J. Wicha. 
30 et. al., Heterocycles 20, 231-234 (1983 ) which is a pre- 

liminary communication of the first of the above two papers. 
J. Wicha et. al., Bulletin of the Polish Academy of 

Sciences, Chemistry 32 (1-2), 75-83 (1984) have also 
described the preparation of 3P-methoxy-l 7P-(3-pyridyl)an- 

35 drostane and pyridone analogues thereof via the intermedi 
ate 3P-methoxy-17-(3-pyridyl)-5a-androst-16-ene. Accord 
ingly, the invention extends to the latter compound only for 
use in therapy. A preliminary communication of this paper, 
by J. Wicha and M. Masynk, appeared in Heterocycles 16, 

40 521-524 (1981). 
The invention also includes pharmaceutical compositions 

comprising a compound of formula (I) in association with a 
pharmaceutically acceptable diluent or carrier. The termi 
nology "pharmaceutical compositions" implies that 

45 injectible formulations are sterile and pyrogcn-free and 
thereby excludes any compositions comprising the com 
pound of formula (I) and a non-sterile organic solvent, such 
as may be encountered in the context of the final stages of 
preparing these above-mentioned compounds of formula (I) 

50 which have been described in the literature but without any 
therapeutic use being mentioned. 

wherein X represents the residue of the A, B and C rings 55 
of asteroid, R represents a hydrogen atom or an alkyl 
group of 1-4 carbon atoms, R14 represents a hydrogen 
atom, a halogen atom or an alkyl group of I to 4 carbon 
atoms and each of the R 15 substituents independently 
represents a hydrogen atom or an alkyl or alkoxy group 60 
of 1-4 carbon atoms, a hydroxy group or an alkylcar 
bonyloxy group of 2 to 5 carbon atoms or together 
represent an oxo or methylene group or R 14 and one of 
the R 15 groups together represent a double bond and the 
other R15 group represents a hydrogen atom or an alkyl 65 
group of I to 4 carbon atoms, and R 16 represents a 
hydrogen atom, halogen atom, or an alky l group of I to 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the compounds of the invention the essential structural 
features comprise all of: 

a 3-pyridyl ring in the 17-position 
a ring double bond in the 16,17-position of the D-ring 
the I 8-position methyl group 
It is critical that the pyridine nitrogen atom be in the 

3-position, not the 2- or 4-position. It is also critical that the 
pyridine ring be joined directly to the 17-carbon atom. This 
criticality is demonstrated by tests of inhibiting activity 
against hydroxylase and lyase (Table I). The concentration 
of test compound required to achieve 50% inhibition of the 
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enzyme is far greater for the 2-pyridyl, 4-pyridyl and 2-py 
ridylmcthyl compounds tested than for the 3-pyridyl. The 
methods of determination were as described in the Examples 
hereinafter. 

TABLE l 
Effect of variations in the 17-substitutcnt on inhibition of 
hydroxylase and lyasc, demonstrating the criticality of the 

17-substitucnt in this invention. 

Ri7 
IO 

(2) 

R'7 Type 

2-Pyridyl 
(for comparison) 

3-pyridyl 
{present invention} 

4-pyridyl 
(for comparison) 

as 3-desoxy derivatives 
to have one or more hydroxy, halo, Ct_4-alkyl, trifluo 
romethyl, Ct_4-alkoxy, C1-4-alkanoyloxy, benzoyloxy, 
oxo, methylene or alkenyl substituents in the A, B or 
C-ring 

to be 19-nor. 
Preferred C1_4-alkyl and alkoxy groups are methyl and 

ethoxy. 
Preferred C1_4-alkanoyloxy groups are acetoxy and pro- 

panoyloxy. 
Note: Preferred halo groups are fluoro, bromo and chloro and 
all the compounds of formula (2) tested were poor inhibitors of aromaiase: 45 the preferred substitution position is the 6-position. 
IC,o >20 µM. The substituents include, for instance, 2-fluoro, 4-fluoro, 
Our modelling of the geometry of the putative transition 6-fluoro, 9-fluoro, 3-trifluoromethyl, 6-methyl, 7-methyl,. 
state of the lyase component of the hydroxylase-lyase 6-oxo, 7-oxo, l l-oxo, 6-methylene, 11-methylene, 4-hy- 
enzyme complex, in the putative mechanism of action of the droxy, 7-hydroxy, 11-hydroxy or 12-hydroxy, each in any 
lyase component, suggests that the 16,17-double bond is 50 appropriate epimeric form, and, subject to structural com 
essential to allow the 3-pyridine ring to adopt the orientation (P,atibility (well known in general-s · chemistry), in any 
required for co-ordination to the haem group of the hydroxy- combination of two or more such groups. - 
lase-lyase complex. Compounds which are likely to be unstable are considered 
Elsewhere, the D-ring can have any other simple substitu- excluded from consideration. Such compounds will be · - 

ent. Certain simple substituents are defined in connection n steroid chemists. mpounds avmg esoteric sub- 
with the preferred general formula (] ), but it will be appre- stituents · ere with the stereochemical align- 
elated that others could be substituted for those of formula ment of the steroid molecule with the enzymes to be 
(]). In the compounds of formula (1 ), R 15 is preferably inhibited, by virtue of steric or electronic distribution effects, 
hydrogen or alkyl of l to 3 carbon atoms, R t6 hydrogen, are to be avoided. For example, a 2,3,5,6-telrafluoro-4- 
alkyl of I to 3 carbon atoms, fluorine, chlorine, bromine or 60 trifluoromethylphenoxy substituent in the 3-position is not 
iodine, and R hydrogen or methyl, in the 5-position of the recommended. Androst-S-en-Sjl-ol having such an ether 
pyridine ring. substituent in place of the 3P-hydroxy group has been shown 
The remainder of the molecule, desj_gn "in formula to be a very poor inhibitor for lyase and hydroxy lase. 

(I), can be of any kind converuional/in teroid hemistry or The currently preferred compounds of formula (I) include 
have any other feature known · steroid aving anti- 65 those which are saturated and unsubstituted al the 11- and 
androgenic activity, for exampl razole or triazole 12-positions and which therefore are of the general formula 
ring, fused to the A ring at the 2- and 3- positions, disclosed (3): 

2-picolyl 
(for comparison) 

15 

IC,o (µM) 

Lyase Hydroylase 20 

0.13 0.32 

25 

0.003 0.004 

30 

2.0 5.0 

35 

>10 >10 

4 
in the above-cited Specification WO 92/00992, or oxazolc 
ring fused in the same positions. 

By way of example, X can represent the residue of 
androstan-3a- or 3P-ol, 
androst-5-en-3a- or 3P-ol, 
androst-4-en-3-one, 
androst-2-ene, 
androst-4-ene, 
androst-5-ene, 
androsta-5,7-dien-3a or 3P-ol, 
androsta-1,4-dien-3-one, 
androsta-3,5-diene, 
estra-1,3,5[1 OJ-triene, 
estra-1,3,5[ l OJ-trien-3-ol, 
5a-androstan-3-one, 
androst-4-ene-3, l l-dione, 
6-fluoroandrost-4-ene-3-one or 
androstan-4-ene-3,6-dione 

each of which, where structurally permissible, can be further 
derivatised in one or more of the following ways: 

to form 3-esters, especially 3-alkanoatcs and -benzoates, 
to have one or more carbon to carbon ring double bonds 

in any of the 5,6-, 6,7-7,8-, 9,11- and 11,12-positions 
as 3-oximes 
as 3-methylenes 
as 3-carboxylates 
as 3-nitriles 
as 3-nitros 

40 
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R (3) 

N 

6 
carbon atoms, most preferably ethyl or methoxy, or Z1 and 
Z2 together represent an alkylenedioxy group of 2 or 3 
carbon atoms and R is as defined above and carrying out said 
cross-coupling reaction. 

5 The palladium ~om e -c sed cross-coupling reaction 
of the 17-substitu steroid w1 the boron compound is 
believed to inv?1ve the sJ_W indicated in the following 
illustrative reacttQILS.Cbeme 1 (Py=3-pyridyl). The pyridyl 
anionic species is provided by the boron compound. 

10 Scheme I 

wherein Q represents the residue of A, B and C rings of 
asteroid, and Risa hydrogen atom or an alkyl group of 1-4 
carbon atoms. 
However, 11- and/or 12-substituted compounds are also 

active. Particularly preferred are l l-oxo and 11 f3-hydroxy 
derivatives of compounds of formula (3). 

Specifically preferred compounds of the invention com 
prise 
17-(3-pyridyl)androsta-5, 16-dien-3 f3-ol, 
17-(3-pyridyl)androsta-3,5,16-triene, 
17-(3-pyridy l)androsta-4, 16-dien-3-one, 
17-(3-pyridyl)eslra-l ,3,5[10], J 6-tetraen-3-ol, 
J 7-(3-pyridyl)-5a-androst-16-en-3a-ol 
and their acid addition salts and 3-esters. 
Other notable compounds of the invention comprise 

17-(3-pyridyl)-5a-androst-16-en-3-one, 
17-(3-pyridyl)-androsta-4, 16-diene-3, 11-dione, 
17-(3-pyridyl)-androsta-3,5,16-trien-3-ol, 
6a- and 6!3-fluoro-17-(3-pyridyl)androsta-4,l 6-dien-3-one 30 

17-(3-pyridyl)androsta-4, 16-dien-3 ,6-dione, 
17-[3-(5-methyl pyridyl)]androsta-5, 16 dien-3f3-ol 
3 a-trifluoromethyl-17-(3-pyridyl)androsta-16-en-3f3-ol 
and their acid addition salts and 3-esters. 

Insofar as certain compounds within formula (1) are 35 
known per se and these are compounds which are less easy 
to prepare than many of the others, a preferred class of 
compounds of formula (l) is those which do not have a 
3f3-alkoxy group, a 14,15-double bond or a 15-ester group. 
The compounds of formula (1) can be prepared by a 40 

method which is in itself novel and inventive. Starting from 
a 17-oxo compound of general formula (4): 

25 

(4) 

45 

wherein X, R14, R15 and R16 are as defined above and any 50 

other oxo groups and hydroxy groups in the molecule are 
first appropriately protected, the method comprises replac 
ing the 17-hydroxy group of compound (4) in its enol form 
by a leaving group (L) which is capable of being replaced by 
a 3-pyridyl group in a palladium complex-catalysed cross- 55 

coupling reaction with a pyridyl ring-substituted boron 
compound of formula (5): 

R 

t> 
BZ1Z2 

wherein Z1 and Z2 independently represent hydroxy or 
alkoxy or alkyl of 1-4 carbon atoms each, preferably 1-3 

(5) 
60 

"Pd(PPh,h" 

eoso,cF, 

The replacement of the 17-enol group can be, for 
example, to form a 16, 17-ene trifluoromethanesulphonate 
("triflate") of formula (6): 

O-SO,CF3 

x!n:~" 
RlS 

or a 17-iodo or bromo-16,[l 7]-ene (a "vinyl halide") of 
formula (7): 

(6) 

Hal 

xin:~" 
R" 

(7) 

(Hal=I or Br) 
Compounds of formula (6) can be prepared by reacting 

the 17-oxo compound of formula (4) with an enol ester 
forming trifluoromethanesulphonic acid derivative such as 
the anhydride, see S. Cacchi, E. Morera and G. Ortar, 
Tetrahedron Letters, 25, 4821 (I 984). The 17-oxo compound 
can be considered notionally to exist in the enol form, the 
reaction being one of esterification of the enol. 
For the preparation of the 17-position derivatives of 

formula (6) or (7) any necessary protection of other groups 
in the molecule ma be first carried out. For example in the 
triflate rout .oxy ups are conveniently protected as 
their ace s, whilst in the vinyl halide route the 3-oxo 

65 group steroids c e selectively protected as their 
perfluo tolyl eno ers, see M. Jarman and R. McCague, 
J.Chem. oc. erkin Trans. I, 1129 (1987). 
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Compounds of formula (7) can be prepared by first 
hydrazinating the I 7-oxo compounds of formula (4) by a 
standard method to form the 17-hydrazone, which is then 
reacted with bromine or iodine in the presence of an amine 5 

or guanidine base, see D. Barton, G. Bashiardes and J. 
Fourmy, Tetrahedron Leners, 24, 1605 (1983). 
The 17-position derivative (whether triflate or vinyl 

halide) is then reacted with the boron compound of formula 
(5) using as catalyst a palladium(O) phosphine complex, for 
example tetrakis(triphenylphosphine)palladium(O), or a pal 
ladium (Il) phosphine complex which is reducible in situ lo 
a palladium(O) phosphine species, especially bis(triph- 15 

cnylphosphine)palladium (II) chloride. 

8 
-continued 
Scheme 2 

R 

N 

R 

C> 
BBZ1Z2/ 

Palladium (O) 
Ph3P complex 

e.g. from PdCl2(Ph3P}, 

Hal 

,(~,'" 
RIS 

(Hal=lorBr) 

SUMMARY OF THE INVENTION 20 

The vinyl halide route, via a compound of formula (7), is 
particularly well suited to the preparation of 3P-acyloxy-l 6, 
l 7-cne-17-(3-pyridyl) steroids, especially the preferred 25 
compound, 3 P-aceloxy-17-(3-pyridyl)androsta-5, 16-diene, 
of formula (8): 

the reaction product of the 

synthesis, and is shown in Scheme 2 below. 

Scheme 2 

N 

(8) 

but using the unprotected 3 P-hydroxy compound as starting 
40 

material. By-products can be reduced either (a) by keeping 
the proportion of organoboron compound (borane) used in 
the cross-coupling reaction · n the ange 1.0 to 1.2 

45 
equivalents per equivalent 

mixture of acetonitrile and methanol. This route via the vinyl 
iodide intermediate is therefore amenable to large scale 50 

1I2orBr2/ 
amine or 
guanidinc base 
(liL ref. givco) 

The principle of this aspect of the invention may be 
expressed as a method of preparing a 3P-hydroxy- or 
3 P-Oower acyloxy )-16, 17-ene-17-(3-pyridyl)-substituted 
steroid, wherein the 3P-Oower acyloxy) group of the steroid 
has from 2 to 4 carbon atoms, which comprises subjecting 
a 3p-hydroxy-16,17-ene-l 7-iodo or-bromo steroid to a pal 
ladium complex-catalysed cross-coupling reaction with a 
(3-pyridyl)-substituted borane, in which the pyridine ring is 
substituted at the 5-position by an alkyl group of l to 4 
carbon atoms or is unsubstituted thereat, especially with a 

30 said borane of formula (5), wherein R is a hydrogen atom or 
an alkyl group of 1-4 carbon atoms and Z' and Z2 inde 
pendently represent hydroxy or alkoxy or alkyl or 1-3 
carbon atoms each or Z1 and Z2 together represent an 
alkylenedioxy group of 2 or 3 carbon atoms, in a proportion 

35 of at least 1.0 equivalent of boron compound per equivalent 
of steroid, in an organic liquid, which is a solvent for the 
3P-hydroxy steroidal reaction product, and optionally esteri 
fying the 3P-hydroxy reaction product to the 3P-acyloxy 
ester, which method comprises feature (a) or (b) above. 
Preferably the vinyl iodide or bromide is unsubstituted in 

the 14, 15 and 16-positions, in which case it can be prepared 
from dehydroepiandrosterone (DHEA). In the hydrazination 
it is preferable to use hydrazine hydrate together with a 
catalytic amount of a proton provider which is most pref 
erably hydrazine sulfate. 
The hydrazone is preferably iodinated with iodine or 

brorninated with bromine in the presence of a strong base 
such as a tetraalkylguanidine, especially tetramethylguand 
ine which is cheaply and readily available. 

In the cross-coupling reaction, the boron compound is 
preferably a diethylborane or a dimethoxyborane (Z1=Z2=El 
or OMe). Other boranes include those in which the boron 
atom is part of a cyclic ether ring e.g. as in Z1, Z2=1,2- 
ethylenedioxy or 1,3-propylenedioxy. In embodiment (a) of 

55 this aspect of the invention the proportion of borane added 
is at least 1.0, but no more than 1.2 equivalents of boron per 
equivalent of steroid, preferably about I.I, but in the 
embodiment (b) a higher proportion is preferred, e.g. from 
1.2:1 to 1.5:1 equivalents of boron compound to steroid. The 

60 higher proportion will give the better yield of product but 
also more of the contaminating boron, phosphine and/or 
palladium compounds. According to embodiment (b), how 
ever, these are removed with the acetonitrile solvent. In 
either embodiment, the palladium compound is a palladium 

65 (0) phosphine complex such as tetrakis(triphenylphosphine) 
palladium (0) or a compound reducible to a palladium (0) 
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phosphine species, especially bis(triphenylphosphine) pal- ii) Wittig olefination to convert oxo groups to methylene 
ladium (II) chloride. The reaction vessel is preferably purged groups [D. D. Evans et al., J. Chem. Soc., 4312--4317, 
with an inert gas, especially argon or nitrogen, to minimise (1963)]; 
the possibility of oxidation with a corresponding redox iii) Oxidation of t,.5-3P-hydroxy to t,.4-3,6-dione steroids 
reduction of palladium to the metallic state. using N-methylmorpholine N-oxide and tetra-n-propy- 

The cross-coupling reaction is preferably~arri ou in ]ammonium perruthenate catalyst [M. Moreno et al., 
two phases, one aqueous, one organic. The organic ph e Tetrahedron Leners, 32, 3201-3204, (1991)]; 
comprises an organic solvent for the 3p-hy oxy steroidal iv) 6-Methylenation of t,.4-3-oxo steroids using formalde- 
reaction product, especially tetrahydrofur (THF) . ther hyde dimethylacetal [K. Annen et al., Synthesis, 34--40 
cyclic ethers such as dioxane could be used in ofTHF. 10 0982)]; . 
Preferably, a nucleophilic activator, such as sodium carbon- v) Conversion of c,.4_3_0xo to 4,4-dimethyl-fl.s.3_0xo, ti.'·4_ ate, is used, in which case it is normally present in the 
aqueous phase. 3-oxo, t,.l.4,o_3_oxo, 7a-methyl-Ll4-3-oxo, Ll4•6-3-oxo, 
After the reaction, inorganic salts can be removed by first 6-chloro-t,.-4•

0-3-oxo, t,.2.4-2,3:isoxazole, 6a-methyl-ti.4- 
adding another organic solvent, preferably diethyl ether, 3-oxo and Ll4-3-desoxy; Ll5-3P-ol to 5a-fluoro-6-oxo, 
which is a solvent for the organoboron contaminants pro- 15 5a,6,6-trifluoro, 6,6-difluoro and 6a-fluoro-Ll4-3-oxo; 
duced in the reaction product, and miscible with the first- and 11-oxo to I I-hydroxy and ti.9•11 steroids [D. Lednicer 
mentioned organic solvent (e.g. THF), but immiscible with and L. A. Mitscher, The Organic Chemistry of Drug 
water, whereafter the organic, e.g. THF-diethyl ether, phase Synthesis, Is. 2 and 3, Wiley (1980 and 1984)] or 
and water (aqueous phase) can be separated. After this vi) Electrophilic fluorination of steroids using N-fluoropy- 
separation, various work-up procedures are operable. In one 20 ridinium reagents [T. Umenoto et al., Organic Synthesis 
procedure, particularly suited to embodiment (a), the THF 69, 129-143 (1990)]. 
and diethyl ether are removed, e.g. evaporated as a mixture, The compounds of formula (1) may be prepared as salts, 
and the remaining reaction product is washed with a third e.g. the hydrochloride and converted to the free base form 
organic solvent, which can be diethyl ether, preferably and thereafter to such other conventional pharmaceutically 
cooled to below room temperature, most especially to 10° C. 25 acceptable salts as acetates, citrates and lactates, as may 
or lower. The third organic solvent is one in which the seem appropriate. 
3P-hydroxy steroid reaction product has a low solubility and The present invention also provides a pharmaceutical 
which, importantly, removes the organoboron compound/s composition which comprises a therapeutically effective 
(and also the contaminating phosphine and palladium com- amount of a compound of the invention, in association with 
pound/s). Diethyl ether is preferred. 

A different work-up procedure, used in embodiment (b), 30 a therapeutically acceptable carrier or diluent. The compo- 
comprises crystallisation from acetonitrile/methanol. Aceto- sition of the invention can, for example, be in a form suitable 
nitrile is a preferred crystallisation solvent to keep boron for parenteral (e.g. intravenous, intramuscular or intracavi- 
compound as well as palladium compound in solution and is tal), oral, topical or rectal administration. Particular forms of 
therefore used in an excess over methanol e.g. an excess of the composition may be, for example, solutions, suspen- 
at least 5: 1 and preferably about 8: I by volume. 35 sions, emulsions, creams, tablets, capsules, lipsomes or 
To prepare the 3P-acyloxy (alkylcarbonyloxy) com- micro-reservoirs, especially compositions in orally ingest- 

pounds, of which the acetoxy compound is preferred, stan- ible or sterile injectable form. The preferred form of com- 
dard acylating (acyl-esterification) agents such as acetyl, position contemplated is the dry solid form, which includes 
propionyl or butyryl chloride or anhydride can be used. The capsules, granules, tablets, pills, boluses and powders. The 
final estcrification product may be crystallised direct from 40 solid carrier may comprise one or more excipients, e.g. 
hexane, rather than from ethanol/water followed by hexane. lactose, fillers, disintegrating agents, binders, e.g. cellulose, 
Preferably, the work-up procedure comprises reverse phase carboxymethylcellulose or starch or anti-stick agents, e.g. 
chromatography, i.e. using a relatively lipophilic solid magnesium stearate, to prevent tablets from adhering to 
phase. In this procedure, the chief by-product, a bis-steroidal tabletting equipment. Tablets, pill boluses may be 
compound, is preferentially retained on the solid phase and 45 formed so as to disintegrate rapidly or to p · slow 
can be eluted with a good separation from the desired ~f the active ingredient. 
product. The present invention also includes a method of treating 
FurtherA!JRlm'lllJWJs o · vention can be prepared androgen- and oestrogen-dependent disorders, especially 

st. roid i ter-conversion chemistry, o tumours, and most especially pro static tumours, in the 
long as tli~'-m:tSN:herni cture is not affected thereby. ammalian body, whic compnses om- 
If the D-ring struc 1s likely to be affected, it would pound of the invention to a mammalian patient in a thera- 
usually be necessary to prepare the desired compound de peutically effective dose, e.g. in the range 0.001-0.04 
novo, i.e. by choosing the appropriate starting compound of mmole/kg body weight, preferably 0.001-0.01 mmole/kg, 
formula (4), protected if necessary, and carrying out the administered daily or twice daily during the course of 
reactions of 17-substitution of the enol and cross-coupling 5 treatment. This works out (for humans) at 20-800 mg/pa- 
with the boron compound as described above. tient per day. The preferred use is in treating prostatic cancer. 
By way of example, the 3-esters of asteroid 3-ol with an Another use is in treating breast cancer. 

alkanoic acid of 1 to 6 carbon atoms, or a cycloalkanoic acid The following Examples illustrate the invention. 
or aralkanoic acid such as phenylacetic or phenylpropionic 
acid, an aroic acid such as benzoic acid, or other simple 
organic acid such as methanesulphonic acid, can be con 
verted into the 3-ol or the 3-ol to the 3-ester. Other examples 
of simple conversions which would not affect the D-ring 
structure are 
i) Oppenauer oxidation using cyclohexanone and aluminium 65 

isopropoxide to convert 3-hydroxy to 3-oxo steroids and 
notably t,.5•6-3-hydroxy to Ll4•5-3-oxo steroids; 

E 

(a) 3P-Acetoxyandrosta-5,16-dien-17-yl trifluoromethane 
sulphonate 
To a stirred solution of dehydroepiandrosterone-3-acetate 

(24.8 g, 75 mmol) in dry dichloromethane (500 ml) con 
taining 2,6-di-t-butyl-4-methylpyridine (18.5 g, 90 mmol) 
was added trifluoromethanesulphonic anhydride (12.6 ml, 
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75 rnmol). After 12 h the mixture was filtered and washed 
with water (50 ml), dried (MgS04), and the solvent evapo 
rated. Chromatography, on elution with light petroleum 
dichloromethane (6: 1 ), gave firstly androsta-3,5, 16-trien-17- 
yl trifluorornethanesulphonate (3.02 g, 10%) as an oil. 5 
1H-NMR(CDC13) inter alia li0.99 (3H,s,18-C,!:IJ), l.02(3H, 
s,19-CH3), 5.39(1H,m,6-H), 5.59(1H,m,16-H), 5.62(1H,m, 
3-H), 5.93(1H,dm,J 9.4 Hz,4-H); MS m/z 402(M+). Further 
elution with light petroleum-dichloromethane (3:1) afforded 
the title compound (20.l g, 58%) which crystallised from IO 
hexane, m.p. 75°-76° C. 1H-NMR(CDC13) inter alia 
ll!.00(3H,s, 18-Cl:h), l.06(3H, s,19-CH3), 2.04(3H,s,C 
H3C02), 4.59(1H,m,3a-H), 5.39(1H,dm,J 4.9 Hz,6-H), 
5.58(1H,m,16-H). Anal. Calcd: C,57.13; H,6.32; S,6.93. 
Found: C,57.29; H,6.31; S,6.96%. 
(b) 3~-Acetoxy-l 7-(3-pyridyl)androsta-5,16-diene 

Diethy1(3-pyridyl)borane (3.38 g, 23 rnmol) from Aldrich 
Chemical Co. Ltd. was added to a stirred solution of 
3~-acetoxyandrosta-5,16-dien-17-yl trifluoromethane 
sulphonate (6.94 g, 15 rnmol) in THF (75 ml) containing 20 
bis(lriphenylphosphine)palladium(Il) chloride (0.105 g, 
0.15 rnmol). An aqueous solution of sodium carbonate (2M, 
30 ml) was then added and the mixture heated, with stirring, 
by an oil bath al 80° C. for l h, and allowed lo cool. The 
mixture was partitioned between diethyl ether and water, the 25 
ether phase was dried (N a2C03), filtered through a short 
plug of silica, and concentrated. Chromatography, on elution 
with light petroleum-diethyl ether (2:1), afforded the title 
compound (4.95 g, 84%) which crystallised from hexane, 
m.p. 144°-145° C., 1H-NMR(CDC13) inter alia lil.05(3H,s, 30 
l 9-CH3), l.08(3H,s, I 8-CH3), 2.04(3H,s,CH3C02), 

4.60(1H,m,3a-H), 5.42(1H,dm, J 4.7 Hz,6-H), 5.99(1H,m, 
16-H), 7.23(1H,m,Py 5-H) 7.65(1H,m,Py 4-H), 8.46(1H,m, 
Py 6-H), 8.62(1H,m,Py 2-H). Anal. Calcd: C, 79.75; H, 8.50; 
N, 3.58. Found: C, 79.78; H, 8.52; N, 3.54%. 

12 
ane, m.p. 1!0°-112° C. 1H-NMR (CDCl3) inter alia 
Ill .02(3H,s,l 9-CH3), l .07(3H,s,l 8-CH3), 5.44() H,m,6-H), 
5.6I(IH,m,3-H), 5.95(1H,dm, J 9.8 Hz, 4-H), 6.0l(IH,m, 
16-H), 7.23(1H,m,Py 5-H), 7.66(1H,m,Py 4-ID, 8.46(1H,m, 
Py 6-H), 8.63(1H,m,Py 2-H); MS rrJz 331 (M+). 

EXAMPLE4 

EXAMPLE 2 

l 7-(3-Pyridyl)androsta-5,16-dien-3~-ol 
To a solution of 3~-acetoxy-17-(3-pyridyl)androsta-5,16- 

diene (4.90 g, 12.5 rnmol) in methanol (50 ml) was added an 
aqueous solution of sodium hydroxide (10% w/v, 10 ml) and 
the mixture heated, with stirring, on an oil bath at 80° C. for 
5 min., then allowed to cool. The mixture was poured into 
water, neutralised with hydrochloric acid (IM), rebasified 
with saturated sodium bicarbonate solution, and extracted 
with hot toluene (3x!OO ml). The toluene extracts were 
combined, dried (Na,C03), and concentrated. Chromatog 
raphy, on elution with toluene-diethyl ether (2:1) afforded 
the title compound (3.45 g, 79%) which crystallised from 
toluene, mp 228°-229° C.; 1H-NMR (CDC13 inter alia 
lil.05(3H,s,19-CH3), J.07(3H,s,l 8-CH3), 3.54(1H,m,3a 
ID, (5.40H,dm,J 5.0 Hz, 6-H), 5.99(1H,m,16-H), 7.22(1H, 
m,PyS-H), 7.65(1H,m,Py 4-H), 8.46(1H,m,Py 6-H), 
8.62(1H,m,Py 2-H). Anal. Calcd: C, 82.47; H, 8.94; N, 4.01. 
Found: C, 82.40; H, 8.91; N, 3.97%. 

(a) 3-[2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenoxy ]an- 
drosta-3,5,16-trien-17-yl trifluoromelhanesulphonate 

The method followed that described in Example l(a) but 
using 3-[2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenoxy]an 
drosta-3,5-dien-17-one (5.03 g, 10 rnmol), prepared as 
described in M. Jarman and R. McCague, J. Chem. Soc., 

t5 ~;~~t!~~~)~~t~~P~:~~~ cf~~~~l~e!:1:i/:d ~'. 
fluoromethanesulphonic anhydride (l.85 ml, 11 mmol). 
Chromatography, on elution with light petroleum-dichlo 
romethane (10: I), afforded the title compound (1.93 g, 30%) 
which crystallised from ethanol, m.p. 106°-107° C. 
1H-NMR (CDCl3) inter alia ll!.02(6H,s,18 and 19-CH3), 
5.16(1H,s,4-H), 5.28(1H,m,6-H), 5.59(1H,m,16-H); MS 
m/z 634 (M+). 
(b) 3-[2,3,5,6-tetrafluoro-4-(trifluoromethy l)phenoxy ]-17- 
(3-pyridyl)androsta-3,5, 16-triene 

The method essentially followed that of Example 1 (b) but 
using diethyl(3-pyridyl)borane (0.44 g, 3.0 mmol), 3-[2,3, 
5,6-tetrafluoro-4-(trifluoromethyl)phenoxy]androsta-3,5, 
16-trien-l 7-yl trifluoromethanesulphonate (1.27 g, 2.0 
mmol), THF (10 ml), bis(triphenylphosphine)palladium(ll) 
chloride (70 mg, 0.1 mmol), and aqueous sodium carbonate 
(2M, 5 ml). Chromatography, on elution with light petro 
leum-diethyl ether (3:1), afforded the title compound (0.82 
g, 73%) which crystallised from hexane, m.p. 166.0°-166.5° 

35 
C. 1H-NMR (CDCl3) inter alia lll.05(3H,s,19-CH3), 

l.07(3H,s,l 8-CH3), 5.18(1H,s,4-H), 5.32(1 H,m,6-ID, 
6.0l(lH,m,16-H), 7.23(1H,m,Py 5-H), 7.66(1H,m,Py 4- 
H), 8.47(1H,m,Py 6-H), 8.63(1H,m,Py 2-H). Anal. Calcd: C, 
66.07; H, 5.01; N, 2.49; F, 23.60. Found: C, 65.97; H, 5.02; 

40 
N, 2.47; F, 23.41%. 
(c) l 7-(3-Pyridyl)androsta-4,16-dien-3-one 
To solution of 3-[2,3,5,6-tetrafluoro-4-(trifluorometh 

yl)phenoxy ]-17-(3-pyridyl)androsta-3,5, 16-triene (0.423 g, 
0.75 mmol) in THF (5 ml) was added ethanol (5 ml) 

45 
followed by aqueous hydrochloric acid (IM, 5 ml) and the 
mixture heated, with stirring, by an oil bath at 65° C. for 48h 
and allowed to cool. The mixture was poured into water (20 
ml), neutralised with aqueous sodium hydroxide (IM), and 
extracted with diethyl ether (3x30 ml). The ether extracts 

50 
were combined, dried (Na,C03), and concentrated. Chro 
matography, on elution with diethyl ether, afforded the title 
compound (185 mg, 71%) which crystallised from diethyl 
ether, m.p. 148°-150° C. IR vmax 1674 cm"; 1H-NM 
R(CDC13) inter alia lll.07(3H,s,18-CH3), l.24(3H,s,19-C 

55 
H3), 5.76(1H,s,4-H), 5.99(1H,m,16-H), 7.23(1H,m,Py S 
H), 7.64(1H,m,Py 4-H), 8.47(1H,m,Py 6-H), 8.62(1H,m,Py 
2-H); MS mlz 347 (M+). 

EXAMPLE 3 

17-(3-Pyridyl)androsta-3,5,16-triene 
The method followed that described in Example 1, using 60 

in step (b) diethyl(3-pyridyl)borane (0.88 g, 6.0 rnmol), 
androsta-3,5,16-trien-l 7-yl trifluoromethanesulphonate 
(2.01 g, 5.0 rnmol), prepared in step (a), THF (25 ml), 
bis(triphenylphosphine)palladium(II) chloride (35 mg, 0.05 
mmol), and aqueous sodium carbonate (2M, 10 ml). Chro- 65 
matography, on elution with dichloromethane, afforded the 
title compound (1.39 g, 84%) which crystallised from hex- 

EXAMPLE 5 

(a) 3-Acetoxyestra-1,3,5[1OJ,16-tetraen-17-yl trifluo- 
romethanesulphonate 

The method followed that described in Example l(a), but 
using oestrone-3-aeetate (4.69 g, 15 rnmol), dichlo 
romethane (120 ml), 2,6-di-t-butyl-4-methylpyridine (4.00 
g, 19.5 rnmol), and trifluoromethanesulphonic anhydride 
(2.8 ml, 16.5 mmol). Chromatography, on elution with light 
petroleum-dichloromethane (3: I), afforded the title com- 
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pound (5.21 g, 78%). 1H-NMR(CDCI3) inter alia Iii .00(3H, 
s,18-Cl:b), 2.29(3H,s,C1:hC02), _ 5.62(1H,m, 16-H), 
6.8l(lH,m,ArH), 6.85(1H,m,ArH), 7.26(1H,m,ArH). Anal. 
Calcd. for C21H2305F3S1.½H20: C, 55.62; H, 5.34. Found: 
C, 55.58: H, 5.14%. 
(b) 3-Acetoxy-17-(3-pyridyl)estra-1,3,5[10J,l 6-tetraene 
The method followed that described in Example l(b), but 

using diethyl(3-pyridyl)borane (1.65 g, 11.2 mmol), 3-ac 
etoxyestra-1,3,5[ 1 OJ, 16-tetraen-17-yl trifluoromethane 
sulphonate (3.56 g, 8.0 mmol), THF (40 ml), bis(triph- 10 
enylphosphine)palladium(II) chloride (56 mg, 0.08 mmol), 
and aqueous sodium carbonate (2M, 15 ml). 

Chromatography, on elution with light petroleum-diethyl 
ether (2:1) afforded the title compound (2.40 g, 80%). 
1H-NMR(CDC13) inter alia lil.04(3H, s,18-CH), 2.29(3H, s, 15 
CH3CO,), 6.03(1H,m,16-H), 6.82(1H,m,ArH), 6.85(1H,m, 
ArH), 7.24(1H,m,Py 5-H), 7.29(1H,m,ArH), 7.69(1H,m,Py 
4-H), 8.48(1H,m,Py 6-ID, 8.65(1H,m,Py 2-H); MS m/z 373. 
(M+). 

5 

EXAMPLE 6 

17-(3-Pyridyl)estra- l ,3,5[ 1 OJ, 16-tetraen-3-ol 
The method followed that described in Example 2, but 

using 3-acetoxy-17-(3-pyridyl)estra-l ,3,5[10J,16-tetraene 25 
(2.36 g, 6.3 mmol), methanol (40 ml), aqueous sodium 
hydroxide (10% w/v, 5 ml), and the mixture was heated at 
80° C. for 10 min. Chromatography, on elution with toluene 
methanol (8:1), afforded the title compound (1.40 g, 67%) 
which crystallised from toluene, m.p. 256°-258° C .. 30 
1H-NMR(DMSO) inter alia lil.01(3H,s,18-CH3), 6.15(1H, 
m,16-H), 6.47(1H,m,ArH), 6.52(1H,m,ArH), 7.04(1H,m, 
ArH), 7.35(1H,m,Py 5-H), 7.79(1H,m,Py 4-H), 8.45(1H,m, 
Py 6-H), 8.62(1H,m,Py 2-H). Anal. Calcd: C, 83.34; H, 7 .60; 
N, 4.23. Found: C, 83.39; H, 7.78; N, 4.06%. 

EXAMPLE 7 

3a-Acetoxy-17-(3-pyridyl)-5a-androst-16-ene 
The method followed that described in Example 1, using 

in step (b) diethy1(3-pyridyl)borane (1.41 g, 9.6 mmol), 
3a-acetoxy-5a-androst-16-en-17-yl trifluoromethane 
sulphonate (3.44 g, 7.4 mmol), prepared from the 3a-ac 
etoxy-5a-androstan-17-one by the method of step (a), THF 
(40 ml), bis(triphenylphosphine)palladium(II) chloride (52 
mg, 0.07 mmol), and aqueous sodium carbonate (2M, 15 
mmol). Chromatography, on elution with light petroleum 
diethyl ether (2: 1 ), afforded the title compound (2.39 g, 
82%), 1H-NMR (CDCl3) inter alia li0.85(3H,s, 19-C~). 
l .01(3H,s,18-CH3), 2.06(3H,s,Cl:bCO,), 5.02(1H,m,3P-H), 
6.00(lH,m,16-H), 7.24(1H,m,Py 5-H), 7.68(1H,m,Py 4- 
H), 8.47(1H,m,Py 6-H), 8.63(1H,m,Py 2-H); MS m/z 393 
(M+). 

EXAMPLE 8 

14 
2-H). Anal. Calcd: C, 82.00; H,9.46; N,3.99. Found: 
C,81.78; H,9.47; N.3.96%. 

EXAMPLE 9 - 

I 7-(3-Pyridyl)-5a-androst-16-en-3-one 
From a solution of 17-(3-Pyridyl)-5a-androst-16-en-3a- 

ol (1.05 g, 3.0 mmol) in dry toluene (60 ml) and cyclohex 
anone (10 ml) was distilled off part of the solvent (20 ml) to 
eliminate moisture. After allowing to cool to 90° C., alu 
minium isopropoxide (1.02 g, 5.0 mmol) was added and the 
mixture heated under reflux for 90 min. then allowed to cool. 
The mixture was diluted with diethyl ether (250 ml), washed 
with aqueous trisodium citrate (15% w/v; 2x30 ml), dried 
(Na2C03), and concentrated. Chromatography, on elution 
with toluene-methanol (40:1), afforded the title compound 
(0.90 g, 86%) which crystallised from toluene, m.p. 
190°-192° C. IR vrnax 1713 cm'"; 1H-NMR (CDCl3) inter 
alia lil.04 (3H,s,19-.C!::h), 1.07 (3H,s,18-CH3), 5.98 (IH,M, 

20 16-H), 7.22 (lH,m,Py 5-H), 7.64 (lH,m,Py 4-H), 8.46 
(lH,m,Py 6-H), 8.61 (lH,m,Py 2-H); MS m/z 349 (M+). 
Anal. Calcd: C,82.47; H,8.94; N,4.01. Found: C,82.00; 
H,8.94; N,3.84[ (]jf44a 
EXAMPLE 10 

a) 3-(tert-Butyldimethylsiloxy)androsta-3,5-diene-11, 17- 
dione 
To a solution of adrenosterone (6.0 g, 20 mmol) in dry 

dichloromethane (120 ml) was added triethylamine (8.4 ml, 
60 rnmol) followed by tert-butyldimethylsilyl trifluo 
romethanesulfonate (5.0 ml, 22 mmol) and the mixture 
stirred at room temperature for 3 h. The dichloromethane 
was evaporated and the residue redissolved in diethyl ether 
(I 00 ml), then allowed to stand for 30 min, after which time 
an oil separated. The ether phase was decanted off the oil and 

35 the solvent evaporated to give the title compound which was 
used directly in step (b). IR vmax 1705, 1747 cm "; 1H-NM 
R(CDC13) inter alia li0.12 (6H,s,Me2Si), 0.85 (3H,s,18-C 
H3), 0.92 (9H,s,'BuSi) l.17(3H,s,19-CH3), 4.73 (lH,dm, J 
6.9 Hz, 6-H), 5.36 (lH,m,4-H). 

40 b) 13-(tert-Butyldimethylsiloxy)-11-oxo-androsta-3,5,16- 
trien-17-yl trifluoromethanesulfonate 
To a solution of the product from step (a) in dry THF (100 

ml), cooled to -78° C., was added a freshly" prepared 
solution of lithium diisopropylamide [prepared by adding 

45 n-butyllithium (1.6M; 13.8 ml, 22 mmol) in hexane to a 
solution of diisopropylamine (3.1 ml, 22 mmol) in dry THF 
(25 ml) at -18° C.J and the resultant yellow solution stirred 
at -78° C. for 30 min. A solution of N-phenyltrifluo 
romethanesulfonimide (7.15 g, 20 mmol) in dry THF (20 ml) 

50 was then added and after an additional 1 h. at - 78° C. was 
allowed to reach ambient temperature. The reaction mixture 
was poured into water (200 ml) and extracted with diethyl 
ether (2x200 ml), the combined ether extracts were washed 
with water (20 ml), dried Na2C03), and concentrated Lo give 

55 the title compound which was used directly in step (c). IR 
vrnax 17.10 cm ", 1H-NMR (CDC13) inter alia li0.13 (6H, 
-s,Me2Si), 0.92 (9H,s,'Bu Si), 1.35 (6H,2s,18-Qh and 19- 
CH3), 4.75 (lH,m,6-H) 5.38 (lH,s,4-H), 5.68 (lH,m,16-H). 
c) 3-(tert-Butyldimethy lsiloxy )-17-(3-pyridy l)androsta-3,5, 
16-trien-11-one 
The method essentially followed that described in 

Example l(b), but using the 13-(tert-butyldimethylsiloxy)- 
11-oxo-androsta-3,5,16-trien-17-yltrifluoromethane 
sulfonate from step (b), diethyl (3-pyridyl)borane (3.53 g, 24 
rnmol), THF (I 00 ml), bis(triphenylphosphine)palladium 
(II) chloride (280 mg, 0.4 mmol), and aqueous sodium 
carbonate (2M;50 ml). Following work-up as described in 

17-(3-Pyridyl)-5a-androst-16-en-3a-ol 
The method followed that described in Example 2, but 

using 3a-acetoxy-17-(3 -pyridyl)-5a-androst-16-ene (2.33 
g, 5.9 mrnol), methanol (40 ml), aqueous sodium hydroxide 60 
(10% w/v, 8 ml), and the mixture was heated at 80° C. for 
20 min. Chromatography, on elution with toluene-methanol 
(40:1 ), afforded the title compound (1.62 g, 78%) which 
crystallised from toluene, m.p. 198°-199° C.; 1H-NM 
R(CDC13) inter alia. li0.84(3H,s,19-CH3), l.00(3H,s,18-C 65 
H3), 4.06(1H,m,3P-ID, 5.97(1H,m,16-H), 7.21(1H,m,Py 5- 
H), 7.64(1H,m,Py 4-!!), 8.45(1H,m,Py 6-H), 8.61(1H,m,Py 
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Example I (b) the title compound was obtained, which was 
used directly in step (d). IR vmax 1705 cm ", 1H-NMR 
(CDC13) inter alia li0.13 (3H,s,Me2Si), 0.93 (9H,s,'BuSi), 
0.99 (3H,s,18-.Cl:h), 1.18 (3H,s,19-CH3), 4.75 (IH,m,6-H) 
5.37 (IH,m,4-H), 6.09 (IH,m,16-H), 7.26 (IH,m,Py 5-l:D, 5 
7.62 (IH,m,Py 4-H), 8.50 (IH,m,Py 6-H), 8.60 (I H,m,Py 2- 
H). MS mlz 475 (M+). 
d) 17-(3-Pyridyl)androsta-4, l 6-diene-3,11-dione 

To a solution of the product from step (c) in wet THF (60 
ml) was added a solution of tetrabutylammonium fluoride to 
(I.OM; 10 ml, 10 mmol) in THF, and the mixture stirred at 
room temperature for 12 h. The mixture was partitioned 
between diethyl ether and water basified with saturated 
aqueuous sodium bicarbonate, the ether phase isolated, dried 
(Na2C03), and concentrated. Chromatography, on elution t5 
with diethyl ether, afforded the title compound (4.30 g, 60% 
overall yield from adrenosterone) which crystallised from 
diethyl ether, m.p. 181 °-183° C. 

IR vmax 1669, 1703 cm"!' 1H-NMR(CDC13) inter alia si.oa (3H,s, 18-CH3), 1.45 (3H,s,19-CH3), 5.76 (I H,s,Py 4- 20 
ID, 6.08 (lH,m, 16-H) 7.24 (lH,m,Py 5-H), 7.59 (I H,m,Py 
4-H), 8.50 (IH,m,Py 6-H), 8.59 (I H,m,Py 2-H). MS mlz 361 
(M+). Anal Calcd: C, 79.74; H,7.53: N,3.88. Found: 
C,79.58; H,7.57; N,3.89%. 

EXAMPLE 11 

3-Acetoxy-17-(3-pyridyl)androsta-3,5, 16-triene 
I 7-(3-pyridyl)androsta-4,16-dien-3-one (174 mg, 0.50 

mmol) was dissolved in isopropenyl acetate (2 ml). p-Tolu 
enesulfonic acid (130 mg, 0.68 mmol) was then added and 
the mixture heated at 80° C. for 12 h. After allowing to cool 
the mixture was poured into diethyl ether, washed with 
saturated aqueous sodium bicarbonate, dried (Na2C03) and 
concentrated. Chromatography on elution with light petro 
leum-diethyl ether (I: 1), afforded the title Compound (86 
mg, 44%), IR vmax 1755 cm:", 1H-NMR (CDC13) inter alia 
Iii.OS (6H,s,18-CH3 and 19-CH3), 2.15 (3H,s,COCH3) 5.44 
(IH,m,6-.!:D, 5.72(1H,m,4-H), 6.00 (IH,m,16-H), 7.25 (IH, 
m,Py 5-H), 7.66 (IH,m,Py 4-.!:D, 8.47 (IH,M,Py 6-H), 8.63 4o 
(IH,m,Py 2-H). MS mlz 389 (M+). 

25 J 7-(3-pyridyl)androsta-4,16-dien-3-one oxime 
To a suspension of 17-(3-pyridyl)androsta-4,16-dien-3- 

one (125 mg, 0.36 mmol) in ethanol (2 ml) was added 
hydroxylimine hydrochloride (50 mg, 0.72 mmol), followed 

30 by pyridine (0.2 ml), and the mixture heated under reflux for 
I h. then allowed to cool. The sol vent was evaporated and 
the crystalline product triturated under water, collected on a 
sinter, washed with cold water, and dried in vacuo to give the 
title ox.ime as a I: I mixture of syn and anti geometric 

35 isomers. 1H-NMR (CDC13) inter alia lil.06 (3H,s,18- 
CH3), 1.13 (3H,s,19-CH3), 5.75 and 5.80 (IH,2m, isomeric 
4-.!:D, 6.01 (IH,m, 16-H), 7.26 (IH,m,Py SH), 7.68 and 7.88 
(IH, 2m, isomeric Py 4-H), 8.48 and 8.53 (IH, 2m, isomeric 
Py 6-H), 8.63 (IH,m,Py 2-H). MS mlz 362 (M+). 

EXAMPLE 12 

6P-Fluoro-l 7-(3-pyridyl)androsta-4,l 6-dien-3-one and 

EXAMPLE 13 

6a:-Fluoro- l 7-(3-pyridyl)androsta-4,16-dien-13-one 
To a solution of 3-acetoxy-17-(3-pyridyl)androsta-3,5, 16- 

triene (80 mg, 0.21 mmol) in dry dichloromethane (2 ml) 
was added N-fluoropyridinium trifluoromethanesulfonate 
(180 mg, 0.73 mmol) and the mixture heated under reflux for 
12 h. The mixture was diluted with diethyl ether (30 ml), 
washed with dilute aqueous sodium hydroxide (0.5M; 2><5 
ml), dried N~C03), and concentrated. 1H and 19F-NMR at 
this stage showed the 6-fluorinated products were formed as 
a 3:2 mixture of the P and u-epimers. Chromatography, on 
elution with light petroleum-diethyl ether (1:2), gave 
firstly:-i) the title 6p-epimer (13 mg), 17%) as white crystals, 
m.p. 167°-169° C. JR vmax 1684 cm'": 1H-NMR(CDCl3) 
inter alia si.: I (3H,s,18-CH3), 1.37 (3H,s,19-Q:h), 5.06 
(IH,dd, JH-H 2.4 Hz, JH-F 49 Hz, 6a:-H), 5.92 (IH,m,4- 
H), 6.01 (IH,m,16-H), 7.24 (lH,m,Py 5-H), 7.65 (IH,m,Py 65 
4-H), 8.48 (IH,m,Py 6-H), 8.63 (IH,m,Py 2-H). 19F-NMR 
li-165.9 (dt, lu-F 49 Hz, 6P-.0. MS mlz 365 (M+). 

16 
Further elution afforded: 
ii) The title 6a:-epimer (8 mg, 11 %) as white crystals, m.p. 

167°-169° C., IR vmax 1681 crn ": 1H-NMR (CDCl3) inter 
alia lil.07 (3H,s,18-CH3), 1.24 (3H,s,19-CH3), 5.18 (lH, 
dm,JH-F 48 Hz, 6P-ID, 5.98 (ZH,m,4-H and 16-H), 7.26 
(IH,m,Py 5-H), 7.64 (lH,m,Py 4-H), 8.40 (IH, m,Py6-H), 
8.63 (IH,m,Py 2-H). 19F-NMR (CDCl3) li-183.9 (d,JH-F 48 
Hz, 6a-.E). MS mlz 365 (M+). 

EXAMPLE 14 

17-(3-pyridyl)androsta-4,16-dien-3-one (via Oppenauer 
Oxidation) 

This Example illustrates a better method of preparing the 
compound already prepared in Example 4. The method 
followed that described in Example 9, but using l 7-(3- 
pyridyl)androsta-5,16-dien-3P-ol (1.05 g, 3.0 mmol). Chro 
matography, on elution with toluene-methanol (20: I), 
afforded the title compound (0.85 g, 82%), which crystal 
lised from diethyl ether, m.p. 148°-150° C. Spectroscopic 
data was identical to that given in Example 4(c). Anal. 
Calcd: C,82.95; H,8.41; N,4.03 Found: C,83.00; H, 8.50; 
N,3.99% 

EXAMPLE 15 

EXAMPLE 16 

17-(3-pyridyl)androsta-4, 16-diene-3,6-dione 
To a solution of 17-(3-pyridyl)androsta-5,16-dien-3P-ol 

(350 mg, 1.0 mmol) in dry dichloromethane (10 ml) was 
45 added N-methylmorphine N-oxide (351 mg, 3.0 mmol) 

followed by 400 mg of freshly dried and powdered 4 A 
molecular sieves and the mixture stirred for 10 min. Tetra 
propylarnrnonium perruthenate catalyst (35 mg), 0.1 mmol) 
was then added, the reaction flask placed in an ultrasonic 

50 bath, and the mixture irradiated whilst maintaining the 
temperature between 20°-30° C. for 2 h. The mixture was 
then filtered, diluted with diethyl ether, washed with water, 
dried (Na2C03), and concentrated. Chromatography, on 
elution with diethyl ether-ether acetate (5:1), afforded the 

55 title compound (26 mg, 7%) as white crystals m.p. 
210°-212° C. IR vmax 1680 cm ": 1H-NMR (CDC13) inter 
alia si.io (3H,s,18-CH3), 1.44 (3H,s,19-CH3), 4.42 (IH,m, 
enolic 2-H), 5.84 (IH,s,4-H), 6.01 (IH,m,16-H), 7.24 (lH, 
m,Py 5-H), 7.65 (IH,m,Py 4-H), 8.45 (IH,m,Py 4-H), 8.45 

60 (IH,m,Py 6-H), 8.60 (IH,m,Py 2-H). FAB-MS MS mlz 362 
(M+I). 

EXAMPLEl7 

3a-(Trifluoromethyl)-17-(3-pyridyl)androst-16-en-3P-ol 
To a solution of 17-(3-pyridyl)androst-16-en-3-one (100 

mg, 0.29 mmol) in THF (2 ml) cooled to 0° C. was added 
trifluoromethyltrimethylsilane (200 µ1, 1.3 mmol) followed 
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by tetrabutylammonium fluoride trihydrate (IO mg, 0.03 
mmol). After 30 min., dilute aqueous hydrochloric acid (IM; 
1 ml) was added and the mixture stirred at room temperature 
for 12 h. The mixture was then basified with saturated 

18 

aqueous sodium bicarbonate and extracted with diethyl 5 
ether. The three extracts were combined, dried (Na2C03), 

and concentrated. Chromatography, on elution with light 
petroleum-diethyl ether (I: 1), afforded the title compound 
(87 mg, 73%) which crystallised from toluene, m.p. 
192°-193° C. 1H-NMR (CDCl3) inter alia &l.92 (3H,s,19- 10 
CH3), 1.01 (3H,s,18-CH3), 5.98 (IH,m,16-H), 7.22 (lH,m, 
Py 5-H), 7.64 (lH,m,Py 4-H),8.45 (lH,m,Py 6-H), 8.60 
(JH,m,Py 2-H); 19F-NMR (CDCl3) ll-79.1 (s,3a-CE3). MS 
m/z 419 (M+). Anal. Calcd: C,71.57; H,7.69; N,3.34; 
F,13.59 Found: C,71.67; H,7.71; N,3.25; F,13.30%. 

EXAMPLE 18 

procedure used above gave a product amenable for filtration, 
and in excellent yield (98%). 
(b) 17-lodo-androsta-5,16-dien-3~-ol 
To a solution of iodine (53.3 g, 0.21 mol) in THF (2 L), 

cooled by an ice/water bath to 0° C., was added 1,1,3,3- 
tetramethylguanidine (63 ml, 57.6 g, 0.50 mo!). 

A solution of dehydroepiandrosterone-17-hydrazone 
(30.25 g, 0.10 mo!) in THF (750 ml) was then added slowly 
to the above iodine solution via a transfer needle over about 
2 h, whilst maintaining the reaction temperature at 0° C. 
After all the hydrazone solution was added, the mixture was 
filtered, and the filtrate concentrated. The remaining oil was 
then heated on an oil bath for 4 h, allowed to cool, and 
dissolved in Et20. The Et20 solution was washed with IM 

15 HCI until the aqueous phase was acidic, washed with 0.5M 
NaOH, then IM Na,S203, and finally with water. The Et,O 
phase was separated, dried (MgSOJ, and concentrated to 
give the crude producL Recrystallisation from Et,0/hexane 
(3:2) afforded the title compound as off-white crystals (35.8 

20 g, 90%). 
(c) l 7-(3-Pyridyl)androsta-5,16-dien-3~-ol 

Diethyl(3-pyridyl)borane (3.23 g, 22 mmol) from Aldrich 
Chemical Co. Ltd. was added to a stirred solution of 
17-iodo-androsta-5, 16-dien-3~-ol (7 .96 g, 20 mmol) in THF 

25 (120 ml) containing bis(triphenylphosphine)palladium (II) 
chloride (140 mg, 0.2 mmol). An aqueous solution of 
sodium carbonate (2M, 50 ml) was then added and the 
mixture heated, with stirring, by an oil bath at 80° C. for 48 
h, and allowed to cool. 

The mixture was partitioned between Et,O and water the 
organic phase was separated, dried (Na,C03) and twice 
concentrated from Et,O by evaporation to remove THF 
(with Et20). The residual solid was then washed with Et,O 
(100 ml), the Et,O solution decanted off, and the remaining 

35 white solid recrystallised from toluene (3.94 g, 56%). 
Notes 

(a) Diethyl[3-(5-methylpyridyl)Jborane 
3-Bromo-5-methylpyridine, which can be prepared as 

described in the literature, e.g. L. van der Does and H. J. van 
Hertog, Rec. Trav. Chem. Pays Bas 84, 957-960 (1985) or 
R. A. Abramovitch and M. Saha, Can. J. Chem. 44, 
1765-1771 (1966), is reacted with n-butyllithium, according 
to the method of M. Terashima et al., Chem. Pharm. Bull. 31, 
4573-4577, (1983). The product is treated with triethylbo 
rane and then iodine. 
(b) 17-(3-(5-Methylpyridyl)]androsta-5,16-dien-3~-ol 

Diethyl (3-(5-methylpyridyl)]borane is reacted with 
3~-acetoxyandrosta-5,16-dien-l 7-yl trilluoromethane sul- 

30 phonate analogously to Example 1 (b) and the resulting 
3~-acetate is hydrolysed with sodium hydroxide, analo 
gously to Example 2, to yield the title compound. 
The following Examples illustrate preparation of com 

pounds of the invention by the vinyl halide route. In 
Example 19, the 3~-hydroxy product is produced without 
chromatography, by embodiment (a). In Example 20, the 
3~-hydroxy product is not isolated, but in step (d) an 
impurity has been identified as a 16,17'-bis(steroidal) by 
product. This can be removed by reverse phase chromatog- 

40 raphy, but now that the by-product has been identified, those 
skilled in the art wiJI be able more easily to identify 
procedures which will remove it, without the need for 
chromatography. Further, it is believed that with the higher 
organoboron:steroid ratios suggested above, the side-reac- 

45 tion leading to this impurity will be reduced. 

EXAMPLE 19 

1) The time required for completion needs to be made 
longer than when using the vinyl trifiate (48 h vs I h) since 
it has been found that the vinyl iodide reacts much more 
slowly. 

2) 1t has been found that a smaller excess of borane than 
described in the earlier applications (for the vinyl triflate) 
aids in isolation of product. 

3 ) The work-up procedure enables the product to be 
isolated without chromatography, thereby enabling scaling 
up. 
(d) 3~-Acetoxy-17-(3-pyridyl)androsta-5, 16-diene 
To a stirred suspension of finely powdered l 7-(3-pyridy 

ljandrosta-Srlfi-dien-Sji-ol (3.50 g, 10 mmol) in dry diethyl 
50 ether (150 ml) containing triethylarnine (2.3 ml, 16 mmol) 

and dimethylarninopyridine (0.012 g, 0.1 mmol) was added 
acetyl chloride (1.0 ml, 14 mmol). The mixture was then 
stirred at ambient temperature for 12 h, over which time a 
thick white precipitate of triethylarnmonium chloride had 

55 formed. The mixture was then filtered and the filtrate con- 

(a) Dehydroepiandrosterone-17-hydrazone 
To a stirred solution of dehydroepiandrosterone (28.8 g, 

0.1 mol) in ethanol (500 ml) was added hydrazine hydrate 
(19.5 ml, 0.4 mo!), followed by a solution of hydrazine 
sulfate (65 mg, 0.5 mmol) in water (2 ml). After stirring for 
3 days the mixture was poured into water (3 liters) to 
precipitate the product as a white crystalline solid. The 
product was collected by filtration on a sinter, washed with 
cold water (2x50 ml), then with Et,O (50 ml). The product 
was then dried in vacuo, firstly over silica gel, and finally 
over P205, to give the title compound as a white cyrstalline 
solid (29.6 g, 98%). 
Notes 

1) The method of Schweder et al., p.202, compound No. 
2 therein (using triethylarnine) gave a very fine crystalline 
product which was difficult to filter. 

2) The method of Schweder et al. p. 203, compound No. 65 
4 therein (using sodium acetate buffer) gave a slightly lower 
yield (96%) in trial experiments, whereas the modified 

60 

centrated to afford the crude product which was recrystal 
lised firstly from ethanol/water (I: I), then finally from 
hexane to afford the title compound (3.30 g, 84%). 

EXAMPLE20 

(a) Dehydroepiandrosterone-17-hydrazone 
Into a 10 L round-bottomed flask, fitted with a magnetic 

stirrer bar, was placed dehydroepiandrosterone (288 g, 1.0 
mol) and ethanol (5.0 L). To the resultant stirred solution 
was added hydrazine hydrate (195 ml, 4.0 mol), followed by 
a solution of hydrazine sulfate (0.65 g, 0.005 mo)) in water 
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(20 ml) [note: the hydrazine sulfate dissolved in this volume 
of water at about 40° C.]. After stirring at room temperature 
for 5 days, water (4.5 L) was added, the mixture poured into 
water (IO L), and the white crystalline precipitate allowed to 
settle. The product was collected by filtration on a sinter, 5 
washed with cold water (2><500 ml), then with Et20 (2><500 
ml). The product was then dried in vacuo, firstly over silica 
gel, and finally over P205, to give the tille compound as a 
whim crystalline solid, mp 204°-206° C. (284.8 g, 94%). 
(b) 17-lodo-androsta-5,16dien-3~-ol 

A IO L round-bottomed flask, fitted with a magnetic stirrer 
bar, was charged with iodine (156.I g, 0.615 mo!), THF (4.0 
L; GPR grade), and Et20 (2.0 L; BDH specially dried 
grade). The resultant stirred solution was cooled by an 
ice/water bath to 0° C. and 1,1,3,3-tetramethylguanidine 15 
(188 ml, 173 g, 1.50 rnol) was added. A solution of dehy 
droepiandrosterone-17-hydrazone from step (a) (90.74 g, 
0.30 mo!) in THF (2.25 L) was then added slowly to the 
above iodine solution via a canula over about 2 h, whilst 
maintaining the reaction temperature at 0° C. [note: N2 is 20 
evolved as the hydrazone is added to the iodine solution]. 
After all the hydrazone solution was added, the mixture was 
stirred for an additional hour and the precipitate allowed to 
settle [note: a precipitate of tetramethylguanidium iodide 
forms during the reaction]. The mixture was then filtered, 25 
and the filtrate concentrated to an oil on a rotary evaporator. 

This reaction was carried out a total of three times, thus 
using in total 272.22 g (0.90 rnol) of dehydroepiandroster 
one-17-hydrazone from step (a). The concentrated residues 
from the three separate reactions were combined and heated 30 
on an oil bath for 4 h, then allowed to cool [note: this 
converts any 17,17-diiodo by-product into the 17-vinyl 
iodide product]. This oil was then dissolved in Et20 (5 L), 
filtered, and further diluted with additional Et20 (4 L). 
The Ei,.,O solution was washed with aqueous HCI (IM; 35 

3x500 ml) until the aqueous phase was acidic [note: the 
ether solution changes colour from brown to yellow when 
the aqueous phase remains acidified] then finally with water 
(500 ml). The Et,O phase was separated, dried (MgS04), 

and concentrated to a volume of 3 L, then left to allow the 40 
product to crystallise. The yellow crystals were collected by 
filtration on a sinter, washed with hexane (3x500 ml) and 
dried under vacuum (335.4 g, 94%). Recrystallisation from 
ethanol-water (5: 1) afforded the product as white crystals 
(297.3 g, 83%) mp 175°-176° C., lit. mp 173°-174 ° C. 45 
(c) 17-(3-Pyridyl)androsta-5,!6: · I 

In a 2 L round-bottomed ask, fitted ith a magnetic 
stirrer bar, was placed ~s eroidal 17- · do product from 
step (b) (98.0 g, 0.246 ol) and this as dissolved in THF 
(1.1 L). The flask was pu ith argon and bis(triph- 50 
enylphosphine)palladium (II) chloride catalyst (1.73 g, 
0.0025 mo]) was added, followed by diethyl(3-pyridyl)bo 
rane (43.35 g, 0.295 rnol). To the resultant orange THF 
solution was added an aqueous solution of sodium carbonate 
(2M; 500 ml). The flask was fitted with a reflux condenser, 55 
and the apparatus purged again with argon. The mixture was 
then heated under reflux (at about 80° C.) with stirring on a 
stirrer/heating mantle (Electrothermal MA) for 4 days [note: 
upon completion of the reaction the organic phase darkens 
in colour from orange to dark orange/brown], then allowed 60 
to cool. This reaction was carried out a total of three times, 
thus using a total of 294.0 g (0.74 mo!) of the steroidal 
17-iodo product from step (b). 
The reaction mixtures were combined and Et,O (5 L) 

added. The organic phase was separated, washed with water 65 
(2 L), and left to give a first crop of crystals which were 
collected by filtration on a sinter. The filtrate was concen- 

trated and the residue redissolved in Et20 to afford a second 
crop of crystals. The aqueous phase and washings from the 
above work-up were extracted with hot toluene (2 L) on a 
steam bath and concentration of the toluene extracts afforded 
further product. The combined crude product from the above 
procedures was then dissolved in the minimum volume of 
hot methanol, filtered through a plug of "Celite" (Registered 
Trade Mark) and an equal volume of acetonitrile added to 
the methanol solution. The acetonitrile/methanol solution 

IO was then concentrated to half its original volume on a rotary 
evaporator and the solution left to crystallise. The resultant 
white crystals were collected by filtration on a sinter, washed 
with acetonitrile and dried in vacuo to constant weight 
(191.1 g, 74%), mp 202°-212° C. A second recrystallisation 
from toluene-methanol (50: I) afforded the product as white 
crystals (146.8 g, 57%) mp 214°-218° C., lit. mp 228°-229° 
C. 
(d) 3~-Acetoxy-17-(3-pyrig)'l)androsta-5, 16-diene 
The following r c - ' carried out in a 500 ml 

round-bottomed ask,, fitted wit a magnetic stirrer bar. To 
a suspension o the steroid~ duct from step (c) (26.5 g, 
0.104 mo!) in 'pyrid" (200 ml), was added acetic 
anydride (75 ml) mixture stirred at room temperature 
for 24 h. The pyridine and excess acetic anydride were 
removed on a rotary evaporator, initially with the water bath 
at 70° C., and finally at 800° C. for 30 min. The resulting oil 
was dissolved in Et,O (500 ml), washed with saturated 
aqueous NaHC03 (2x200 ml), dried (Na2C03), and con 
centrated to an oil which crystallised on standing. 1H-NMR 
spectroscopy at this stage showed the product contained 
about 5% of a 16,17'-bi(steroidal) contaminant, 3~-acetoxy- 
16-(3 ·-~-acetoxyandrosta-5', 16' -dien-17'-yl)-17-(3-pyridy 
l)androsta-5, l 6-diene, which originated as a by-product 
from the coupling reaction of step (c). 
The product was therefore further purified by preparative 

flash chromatography using a 9 cm diameter column, with 
silica stationary phase (Merck 15111 ), eluting with 
dicholoromethane. The by-product eluted first followed by 
the desired product, although the separation was incomplete. 
Fractions containing a significant amount of by-product 
were combined and subjected to further chromatographic 
purification. 
The foregoing reaction and purification procedure was 

carried out a total of four times, thus using a total of 146 g 
(0.418 mo!) of the steroidal product from step (c). 

The product-containing dichloromethane fractions from 
the chromatographic purification were concentrated and 
recrystallised from hexane to afford white crystals which 
were dried in vacuo to constant weight. The total amount of 
product obtained was 136.0 g (83%). 

The dichloromethane fractions containing the least by 
product were combined, and following recrystallisation 
from hexane, afforded the Lille compound as white crystals 
with mp 142°-144° C. Analysis showed this material ("A") 
contained 6.8% w/w of the bis(steroidal) by-product. 

A second crop of white crystals ("B") of the product, 
containing 21.8% w/w of bis(steroidal) by-product (25 g), 
was obtained. 

The two products were purified using reverse phase 
chromatography. The column was packed with "LiChro 
prep" (Registered Trade Mark) RP-8 reverse-phase C8 pack 
ing, Art. No. 9324, supplied by E. Merck, Darmstadt, 
Germany. The course of the chromatography was followed 
by UV detection at 253 nm, with purity checks by HPLC. 

Product "A" (] 0.17 g) was dissolved in 200 ml. hot 
acetonitrile and 40 ml. hot methanol, and, after being 
allowed to cool, the filtrate was applied to a 10 cm. diameter 
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column containing about 500 g. of the packing. The eluant 
was 5% O.OSM aqueous ammonium acelate/95% v/v aceto 
nitrile. 7.51 g. of product was recovered in fractions 4-10. 
Fractions (500 ml) 4-11 contained the product with some 
impurities, but not the bis-steroidal byproduct. The eluant 5 
was changed to 2.5% acetic acid/95.5% v/v acetonitrile and 
then to 5% acetic acid/95% v/v acetonitrile, A pink colour 
seen in fractions 16 and 17 evidenced the bis-steroidal 
by-product. Fraction 18 was colourless. The column can be 
washed with 100% acetonitrile, for re-use. 

Product "B" (1 g) was separated by a similar method 
except that the product was dissolved initially in 100% 
acetonitrile and the filtrate applied to a 2 cm. column packed 
with 100 g. of the solid phase. Excellent separation of the 15 
product was achieved with the aqueous ammonium acetate/ 
acetonitrile eluant. 

Although, in this Example, the reverse phase column was 
used in addition to a conventional column, it is clear that the 
conventional column achieved little separation of the bis- 20 
steroidal by-product and it is intended to omit the conven 
tional column in future preparations. 

TEST RESULTS 

(c) Determination of C17-C20 lyase 
The mixture was the same as described above for the 

170:-hydroxylase except that the substrate was· 3H-17o: 
hydroxy- progesterone. The reaction was carried out for 1-2 
h. and was stopped by the addition of 2 vols. of methanol/ 
acetonitrile (2/1 containing approx. 100 µM I 7o:-hydrox 
yprogesterone, androstenedione and testosterone. ~G 
The HPLC separation used for the lyase involved a ('r 

mini-re-column "Uptight Guard Column" packed with t-i 
10 PELL-ODS (pellicular octadecyl silica) and a 10 cm. main 

column "Apex C18" column packed with 5µ APEX-CAT 
silica. 

The eluant was 38:12:50 methanol:acetonitrile:water 
flowing at 1 ml/min. The effluent was mixed 1:1 with 
Ecoscint A containing 5% methanol and 5% acelonitrile and 
the radioactivity was measured directly by a Berthold 
LB506C radiochemical detector. The lyase activity was 
measured as the production of androstenedione and test- 
osterone. 
(d) Calculation of IC50• 

The enzyme activity was measured in the presence of at 
least 4 concentrations of each compound. The data were for 
the 4-pyridyl and 2-picolyl compounds of Table 1 fitted by 

25 linear regression Lo the Dixon equation (M. Dixon, E.C. 
Webb, Enzymes, 2nd ed., Academic Press, New York, 
1964). Data for all the other compounds were fitted by 
non-linear regression Lo the median effect equation of Chou, 
J. Theoret. Biol. 39, 253-276 (1976). The correlation coef- 
ficients were greater than 0.95 except for the m d of 
Example l, where it was 0.91. All t says were c d 
out with approx. 4 nM enzyme calculated from kin c 
measurements) except those f, r Ketoconazole and the - and 
4-pyridyl and 2-picolyl com nds of Ta , · which 25 
nM lyase and 10 nM hydroxylase were used. The IC50 
values are dependent on enzyme concentration when the 
inhibitor binds tightly (all the compounds tested except the 
4-pyridyl and 2-picolyl). Results are shown in Table 2 
below. 

(a) Preparation of testicular material 
Human testes were obtained from previously untreated 

patients undergoing orchidectomy for prostatic cancer. The 
testes were decapsulated and stored in liquid nitrogen until 
use. A microsomal preparation was prepared essentially as 30 
described by S. E. Barrie et al., J. Steroid Biochem. 6, 
1191-5, (1989). The material was then thawed, finely 
chopped, and homogenised in 0.25M sucrose (5 ml/g wet 
weight) using a Potter homogeniser. The homogenate was 
centrifuged at 12000 g for 30 min, and then the microsomes 35 
were pelleted by spinning the supernatant at 100,000 g for 
I hr. The pellet was washed by being resuspended in 0.25M 
sucrose and repelleted. The microsomal pellet was then 
resuspended in 50 mM sodium phosphate pH 7.4/glycerol 
(3/1 v/v) and stored in aliquots in liquid nitrogen. 
(b) Determination of 17cx-hydroxylase 
The basic assay mixture was EDTA (0.2 mM), dithio 

threitol (DTT; O.J mM), NADPH (0.25 mM), glucose 
6-phosphate dehydrogenase (G6PDH; 6.25 µg/ml), MgCl2 
(1 mM), glucose 6-phosphate (G6P; 10 mM) and the sub- 45 
strate, 3H-progesterone (3 µM)- in sodium phosphate (50 
mm), pH 7.4. The compounds under test were dissolved in 
50% DMSO and the final concentrations of ethanol and 
DMSO were 1 % each. The assay reaction was carded out for 
1 hour and was terminated by the addition of 2 vols. of 50 
methanol-acetonitrile (2:1) containing approx. 100 µM unla 
belled progesterone, 170:-hydroxyprogcsterone, androstene 
dione, testosterone, and 160:-hydroxyprogesterone. The last 
mentioned steroid was added as it appeared that the human 
enzyme was capable of 16cx-hydroxylation as well as I 7a- 55 
hydroxylation. 

The separation of the steroids by HPLC was carried out 
using an "Uptight" guard column packed with 40-63 µm 
Nucleosil Cl8 and a 10 cm main column packed with 5 µm 
Nucleosil Cl 8 and 60% methanol as eluant. The radioac- 60 
tivity in the peaks of interest was monitored on-line by 
mixing the HPLC effluent 1: 1 with Ecoscint A (National 
Diagnostics) scintillation fluid, containing 25% acetonitrile, 
and passing the mix e-through a Berthold ·o- 
chemical mo or. e hydroxylase activity was measure 

e pro ction of 170:-hydroxyprogesterone, androstene 
dione and testosterone. 

40 
TABLE 2 

(a) Confirma tion tha1 variations in the A and B rings of 
compounds of the invention have little effect on inhibition 

of hydroxylase and lyasc. 

Compounds tested an: of formula 
(3) wherein R = H: · 

Q 

R (3) 

N 

IC.o (µM) 

Lyase Hydroxy lase 

0.0097 0.0130 

(Ex. I) 
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TABLE 2-continued TABLE 2-continued 

(a) Confirmation that variations in the A and B rings of 
compounds of the invention have little effect on inhibition 

of hydroxylasc and lyasc. 

(a) Confirmation that variations in the A and B rings of 
compounds of the invention have little effect On inhibition 

of hydroxylasc and lyasc, 

R (3) R (3) 

f N 
IO 

15 

Compounds tested arc of formula Compounds tested arc of formula 
(3) wherein R = H: IC,o (µ.\I) (3) wherein R = H: IC,0 (µM) 

20 
Q Lyasc Hydroxy lase Q Lyasc Hydroxy lase 

¢ 0.0022 0.0033 

.JX1 0.0029 0.0040 

25 

F 
(Ex. 2) 

(Ex. 12) m 0.0056 0.0125 30 

b 0.0032 0.0053 

(Ex. 3) 35 j, 

b 0.0021 0.0028 (Ex. 13) 

(b) Confirmation that variation in the C ring of compounds of the invention 
has little effect on the inhibition of hydroxylasc and lynsc. 

40 
Compound Tested 

(Ex. 4) ,ro 0.0018 0.0026 lC,o(µM) 

45 Lyase Hydroxy lase 

0.0025 0.0091 HO ~ 
(Ex. 6) N 

HO.ill 0.0025 0.0043 

(Ex. 8) 

b 0.0030 0.0047 

0 

(Ex. 9) 
The comparative IC50 figures for Ketoconazole are 0.026 

against lyase and 0.065 against hydroxylase. 
Assay of aromatase activity 

N 
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Aromatase activity was determined by the method of A. 
B. Foster et al., J. Med. Chem. 26, 50-54 (1983), using 
human placental microsomes. For the microsomes used, the 
Michaelis constant K., for [I~- 3H) androstenedione was 
0.039 µM. 5 
The compounds having a pregnenolone-like skeleton in 

the A and B rings, i.e. 3~-acetoxy-17-(3-pyridyl)androsta- 
5,16-diene and its 3-alcohol of Examples I and 2, had 
IC5o>20 µM. The compound having a progesterone-like 
skeleton in the A and B rings, i.e. 17-(3-pyridyl)-androsta- 10 
4,16-dien-3-one of Example 4 exhibited also aromatase 
inhibitory activity with IC50=1 µM. 
In vivo organ weight and endocrine test in mice 

Male HWT mice, 12 weeks old, were treated daily for 2 
weeks, with 5 animals per treatment group. The test com- 15 
pounds were the compound of Examples 1 and 4 (as 
representative of compounds of the invention having the 
pregenolone-like and progesterone-like skeletons respec 
tively). Ketoconazole was also tested at three different 
doses. TIie test compounds Were mad¢ upJn 3% benzyl 20 
alcohol, 95% safflower 01!, and were given i.p. In addition to 
an untreated control group of animals, thete was also a 
solvent control group which received the same volume of 
liquid as the test group (5 ml/kg) but no test compound. AJJ 
animals were sacrificed 24 hours afterthe last injection. 25 
Blood was collected by cardla~uncfuie into heparinized 
tubes, and the plasma usea for (radio immunoassay) of 
testostei;,q_ne and lutelllsing hormone. The foJJowing organs 
were removed and weighedr=adrenals, prostate, seminal 
vesicles, testes, kidneys. There was no significant body 30 
weight Joss in any group of mice during the experiments. 
Post mortem examination of the mice revealed oil/white 

deposits i.p. in those treated with compound of Ex. 1 and 
white deposits throughout the abdomen in those treated w· 
compound of Ex. 4. In all these mice, all organs Joo ed 
normal. In Ketoconazole-treated animals, adhesions 
und in 2/5,2/5,4/5 of the low/middle/top dose groups. 

gut and peritoneal wall seemed to be stuck to the semi 
vesicles. The livers were brown in the middle/top do 
groups. 
The weights of organs found in the animals post mortem 
shown in Table 3 below. The reductions in weight of all 

of the prostate, seminal vesicles, testes and kidneY.; were 
much greater for the test compounds of theinvention than 
for Ketoconazole. Ketoconazole caused an mcrease in adre- 45 
nal weight at the two highest doses, whereas the compounds 
of the invention had no si · ficant effect, suggesung that 
they did not inhibit corticosterone 

TABLE 3 50 

Mean weight (mg.) ± standard e1TOr 

Dose 
Seminal 

Adrenals Prostate Vesicles Testes Kidneys 

Compound of Ex I. 
55 

Controls 4.5 ± 0.1 JO.I± 189 ± 9 146 ± 3 709 ± 17 
0.7 

Solvent 4.5 ± 0.4 10.2± 171 ± 6 122 ± 7 615 ± 28 
1.3 60 controls 

0.02 mmol/ 4.3 ± 0.2 8.0 ± 0.6 136 ± 4 134±4 604 ± 24 
/leg/day 
0.1 mnool 4.0 ± 0.2 5.3 ± 0.3 51 ±6 95 ± 3 500 ± 8 
/leg/day 
0.5 rrunol 4.7 ± 0.2 5.6 ± 0.6 25 ± 2 56 ±2 449 ± 12 
/leg/day 65 

26 

TABLE 3-continued 

Mean weight (mg.) ± standard error 

Seminal 
Dose Adrenals Prostate Vesicles Testes Kidneys 

Compound of Ex. 4 

Controls 4.3 ± 0.4 8.4 ± 0.2 165 ± 18 142 ± 8 652 ± 45 
Solvent 4.4 ± 0.0 9.2 ± 0.9 152± 9 122± 8 589 ± 24 
controls 
0.02 mmol/ 4.7 ± 0.2 5.9 ± 0.8 108±4 117 ± 9 599 ± 29 
/leg/day 
0.1 mmol 4.6 ± 0.4 6.4 ± 0.5 61 ± 9 105 ± 5 549 ± 28 
/leg/day 
0.5 rrunol 4.9 ± 0.1 4.1 ± 0.5 25 ± I 59± 2 468 ± 15 
/leg/day 

Kctoconazolc 

Controls 4.2 ± 0.2 8.9 ± 0.8 193 ± 8 145 ± 4 670 ± 12 
Solvent 
controls 4.7 ± 0.4 9.3 ± 1.2 198 ± 18 146 ± 3 615 ± 25 
0.01 mmol/ 4.8 ± 0.2 9.1 ±0.8 235 ± 18 141 ± 5 637 ± 22 
/leg/day 
0.225 mmol 6.1 ± 0.3 10.8± 171 ± 5 127 ±7 574 ± 23 

1.4 
/leg/day 
0.5mmol 6.9 ± 0.3 9.3 ± 0.9 179 ± 20 133 ± 6 710 ± 30 
/leg/day 

The results indicate the inhibition by the components of 
the invention of androgen and particularly testosterone syn 
thesis. They are confirmed by ~eefinelegieru-r.es ts 
shown in Table 4. 

ltll~vent itself produced marked depression 
of testosterone levels, probably due to stress on the animals, 
the further decrease resulting from the administration of test 
compounds was much more marked for the compounds of 
the invention than for ketoconazole. The rise in LH levels is 
ascribed to a feedback mechanism associated with depletion 
of testosterone. 

TABLE4 
Endocrinological Results (Mean ± standard error) 

Testosterone LH 
nM ng/ml 

Compound of Ex. I 

Controls 9.8 ± 5.6 0.63 ±0.16 
Solvent Controls 2.5 ± 1.2 0.80 ± 0.09 
0.02 MmoVKg/Day 2.7 ± 0.5 3.4 ± 0.5 
0.1 MmoVKg/Day 0.2 ± 0.1 2.55 ± 0.45 
0.5 MmoVKg/Dny 0.1 ± 0.0 2.25 ± 0.67 

Compound of Ex. 4 

Control 27.8 ± 11.4 Not determined 
Solvent Control 11.0± 5.6 Not determined 
0.02 MmoVKg/Day 4.5 ± 0.3 Not determined 
0.1 MmoVKg/Day 3.5 ± 1.0 Not determined 
0.5 MmoVKg/Day 0.4± 0.1 Not determined 

Ketoconazcle 

Controls 17.3 ±7.1 0.66 ± 0.05 
Solvent Controls 1.3 ± 0.4 0.25 ± 0.13 
0.1 MmoVKg/Day 0.9 ± 0.2 0.39 ± 0.14 
0.225 MmoVKg/Day 0.7 ±0.1 0.75 ± 0.02 
0.5 MmoVKg/Day 0.4 ±0.1 0.76 ± 0.03 

We claim: 
1. A compound of the formula (I) 
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R (I) 

N 

5 

IO 

wherein X represents the residue of the A, B and C rings of 
a steroid selected from the group consisting of 
androstan-3cx- or 3P-ol, 
androst-5-en-3cx- or 3P-ol, 15 
androst-4-en-3-one, 
androst-2-ene, 
androst-4-enc, 
androst-5-ene, 
androsta-5,7-dien-3cx or 3P-ol, 20 
androsta-1,4-dien-3-one, 
estra-1,3,5[ 1 O]-trien-3-ol, 
5cx-androstan-3-one, 
androst-4-cne-3,11-dione, 
6-fluoroandrost-4-ene-3-one, 25 
androstan-4-ene-3,6-dione, 
each of which, where structurally permissible, can be further 
derivatised in one or more of the following ways: 

to form 3-esters 
to have one or more carbon to carbon ring double bonds 30 

in any of the 5,6-, 6,7-, 7,8-, 9,11- and 11,12-positions 
as 3-oximes 
as 3-methylenes 
as 3-carboxylates 
as 3-nitriles 

28 
as 3-desoxy derivatives 
to have one or more hydroxy, halo, C1_4-alkyl, trifluoro 

methyl, C1_4-alkoxy, C1_4-alkanoyloxy, benzoyloxy, 
oxo, methylene or alkenyl substituents in the A, B, or 
C-ring 

to be 19-nor; 
R represents a hydrogen atom or an alkyl group of 1-4 

carbon atoms; 
R 14 represents a hydrogen atom, a halogen atom or an 

alkyl group of 1 to 4 carbon atoms; 
each of the R 15 substituents independently represents a 

hydrogen atom or an alkyl or alkoxy group of 1-4 
carbon atoms, a hydroxy group or an alkylcarbonyloxy 
group of 2 to 5 carbon atoms or together represent an 
oxo or methylene group or R14 and one of the R15 

groups together represent a double bond and the other 
R15 group represents a hydrogen atom or an alkyl group 
of 1 to 4 carbon atoms; and 

R 16 represents a hydrogen atom, halogen atom, or an alkyl 
group of 1 to 4 carbon atoms, in the form of the free 
bases or pharmaceutically acceptable acid addition 
salts, but excluding 3P-acetoxy-17-(3-pyridyl)and 
rosta-5,14, 16-triene, 3P,15a- and 3P,15P-diacetoxy- 
17-(3-pyridyl)androsta-5, 16-dicnc and 3P-methoxy- 
17-(3-pyridyl-Sa-androst-16-ene. 

2. A method of treating an androgen-dependent or estro 
gen-dependent disorder which comprises administering to a 
patient in a therapeutically effective dose a compound of the 
formula (1): 

R (I) 

N 

35 

as 3-nitros 
as 3-desoxy derivatives 
to have one or more hydroxy, halo, C,_,-alkyl, trifluoro- 40 

methyl, c,_4-alkoxy, C1_4-alkanoyloxy, benzoyloxy, 
oxo, methylene or alkenyl substituents in the A, B, or 
C-ring 

to be 19-nor; 
R represents a hydrogen atom or an alkyl group of 1-4 

carbon atoms; 
androsta-3,5-diene, 
androsta-3,5-diene-3-ol, 
estra-1,3,5[10]-triene and 
estra-1,3,5[ 1 OJ-trien-3-ol, 
5a-androstan-3-onc: 
androst-4-ene-3,11-dione, 
6-fluoroandrost-4-ene-3-one, 
androstan-4-ene-3,6-dione, 

each of which, where structurally permissible, can be further 
derivatised in one or more of the following ways: 

55 

to form 3-esters 
to have one or more carbon or carbon ring double bonds 60 

in any of the 5,6-, 6,7-, 7,8-, 9,11- and 11,12-positions 
as 3-oximes 
as 3-methylenes 
as 3-carboxylates 
as 3-nitriles 
as 3-nitros 

wherein X represents the residue of the A, B and C rings of 
asteroid selected from the group consisting of 
androstan-3a- or 3P-ol, 
androst-5-en-3cx- or 3P-ol, 
androst-4-en-3-one, 

45 androst-2-cne, 
androst-4-ene, 
androst-5-ene, 
androsta-5,7-dien-3cx or 3P-ol, 
androsta-1,4-dien-3-one, 

50 androsta-3,5-diene, 
androsta-3,5-dien-3-ol, 
estra-1,3,5[10]-triene and 

R 14 represents a hydrogen atom, a halogen atom or an 
alkyl group of 1 to 4 carbon atoms; 

each of the R 15 substituents independently represents a 
hydrogen atom or an alkyl or alkoxy group of 1-4 
carbon atoms, a hydroxy group or an alkylcarbonyloxy 
group of 2 to 5 carbon atoms or together represent an 
oxo or methylene group or R14 and one of the R15 

groups together represent a double bond and the other 
R 15 group represents a hydrogen atom or an alkyl group 
of I to 4 carbon atoms; and 

R16 represents a hydrogen atom, halogen atom, or an alkyl 
group of I to 4 carbon atoms, in the form of the free 
bases or pharmaceutically acceptable acid addition 
salts. 

65 
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3. A compound according to claim 1, which is saturated 
and unsubstituted at the 11- and 12-positions. 

4. 
17-(3-Pyridy l)androsta-5, 16-dicn-3~-ol, 
17-(3-pyridyl)androsta-3,5, 16-triene, 
17-(3-pyridyl)androsta-4,16-dien-3-one, 
17-(3-pyridyl)estra- I ,3,5[1 OJ, 16-tetraen-3-ol, 
17-(3-pyridyl)-So:-androst- I 6-en-3a-ol 
and their acid addition salts and 3-esters. 
5. A compound according to claim 1 wherein R represents 

a hydrogen atom. 
6. 

17-(3-Pyridyl)-So:-androst- l 6-en-3-one, 
l 7-(3-pyridyl)-androsta-4,16-dicne-3, 11-dione, 
17-(3-pyridyl)-androsta-3,5, 16-trien-3-ol, 
60:- and 6~-fluoro-17-(3-pyridyl)androsta-4,l 6-dien-3-one, 
l 7-(3-pyridyl)androsta-4,16-dien-3,6-dione, 
3o:-trifluoromethyl-17-(3-pyridyl)androst- l 6-en-3 ~-ol 
and their acid addition salts and 3-esters. 
1..31kA!kanoyloxy-l 7-(3-pyridyl)androsta-5,16-dienes in 

which the alkanoyloxy group h~ oms. 
8. 3~-Acetoxy-17-(3-pyridylfandrosta-5,16-diene. 
9. A pharmaceutical composition comprising a compound 

ceu c y acceptable 
carrier or diluent. 

10. A pharmaceutical cornposrnon compnsmg a com 
pound of claim 3 in association with a pharmaceutically 
acceptable carrier or diluent. 

11. A pharmaceutical composition comprising a com 
pound of claim 1 wherein R represent a hydrogen atom in 
association with a pharmaceutically acceptable carrier or 
diluent. 

12. A pharmaceutical composition comprising a com 
pound of claim 4 in association with a pharmaceutically 
acceptable carrier or diluent. 

30 
13. A pharmaceutical composiuon compnsmg a com 

pound of claim 6 in association with a pharmaceutically 
acceptable carrier or diluent. 

14. A pharmaceutical composition comprising a corn 
s pound of claim 7 in association with a pharmaceutically 

acceptable carrier or diluent. 
· 1s. A pharmaceutical composition comprising a com 

pound of claim 8 in association with a pharmaceutically 
acceptable carrier or diluent. 

10 16. A method according to claim 2 wherein the patient has 
prostatic cancer. 

17. A method according to claim 2 wherein the patient has 
breast cancer. 

18. A method according to claim 2 wherein the compound 
defined in claim 2 is saturated and unsubstituted at the 11- 

15 and 12-positions. 
19. Arriethod according to claim 2 wherein the compound 

is selected from the group consisting of: 
17-(3-pyridyl)androsta-5,16-dien-3~-ol, 
I 7-(3-pyridyl)androsta-3,5, 16-triene, 

20 17-(3-pyridyl)androsta-4, 16-dien-3-one, 
17-(3-pyridyl)estra- l,3,S[l OJ,16-tetraen-3-ol, 
17-(3-pyridyl)-5o:-androst- l 6-en-3o:-ol 
and their acid addition salts and 3-esters. 

20. A method according Lo claim 2 wherein the compound 
25 is a 3~-alkanoyloxy-17-(3-pyridyl)androsta-5,16-diene 

wherein the alkanoyloxy group has 2 to 4 carbon atoms. 
21. A method according to claim 2 wherein the compound 

is 3~-acetoxy-17-(3-pyridyl)androsta-5,16-diene. 
22. An orally ingestible solid composition or a sterile 

30 injectable liquid composition comprising respectively a 
solid or liquid pharmaceutically acceptable carrier or diluent 
and a compound as defined by general formula (I) of claim 
2. 

* * * * * 
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PATENT NO. 5,604,213 
DATED February 18, 1997 
INVENTOR(S) : Barrie, et. al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 27, lines 22-46: delete •estra-1,3,5[1 OJ-trien-3-ol ... R represents a hydrogen atom or an alkyl 
group of 1-4 carbon atoms;' 
Column 28, line 52, insert··,·· after "estra-1,3,5(1 OJ-triene" 
Column 28, line 52, insert the following after 'estra-1,3,5[1 O]-triene," 

-estra-1,3,5(1 O]-trien·3·ol, 

5a-androstan-3-one, 
androst-4-ene-3, 11-dione, 
6-fluoroandrost-4-ene-3-one, 
androstan-4-ene-3,6-dione, 
each of which, where structurally permissible, can be further derivatised in one or more of the following 
ways: 
to form 3-esters 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. 5,604,213 Page 2 of 2 

DATED February 18, 1997 

INVENTOR(S) : Barrie, et. al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: · 

to have one or more carbon to carbon ring double bonds in any of the 5,6-, 6, 7-, 7,8-, 9, 11- and 11, 12- 
positions • 
as 3-oximes 
as 3-methy1enes 
as 3-carboxy1ates 
as 3-n itriles 
as 3-nitros 
as 3-desoxy derivatives 
to have one or more hydroxy, halo, C1-4·aJky1, trifluoromethy1, C,..c-alkoxy, C1..c·alkanoy1oxy, benzoy1oxy, 
oxo, methylene or alkeny! substituents in the A, B or C-ring 
to be 19-nor; 
R represents a hydrogen atom or an alkyl group of 1-4 carbon atoms; 

Signed and Sealed this 

Twenty-seventh Day of February, 2001 

• Arrest: 

r-lCHOLAS P. GODJCI 

Attesting Officer Act in.I! Director of tile.' U11i11. ·d S1ar,·s Pu1,•111 and Trudrnturk 0.ffin• 
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LOW DOSE KETOCONAZOLE WITH REPLACEMENT DOSES OF 
HYDROCORTISONE IN PATIENTS WITH PROGRESSIVE ANDROGEN 

INDEPENDENT PROSTATE CANCER 

KATHERINE A. HARRIS, VIVIAN WEINBERG, ROBERT A. BOK, MIKA KAKEFUDA AND 
ERIC J. SMALL 

From the University of California, San Francisco, UCSF Comprehensive Cancer Center, San Francisco, California 

ABSTRACT 

Purpose: High-dose (400 mg.) oral ketoconazole 3 times daily with replacement doses of 
hydrocortisone has become a standard treatment option for patients with advanced prostate 
cancer which progresses after androgen deprivation. However, toxicity can hinder the ability to 
deliver treatment and the cost of the regimen can be substantial. Therefore, a prospective phase 
II study was conducted to assess the efficacy and safety of a regimen of low dose (200 mg.) oral 
ketoconazole 3 times daily with replacement doses of hydrocortisone in men with androgen 
independent prostate cancer. 
Materials and Methods: The study included 28 patients with progressive prostate cancer 

despite anorchid levels of testosterone and ongoing testicular androgen suppression. Treatment 
consisted of low dose ketoconazole and replacement doses of oral hydrocortisone (20 mg. every 
morning and 10 mg. at bedtime). At the time of disease progression patients were treated with 
high dose ketoconazole and continued on the same dose of hydrocortisone. Adrenal androgen 
levels were measured, and baseline and followup levels correlated with clinical outcome. 
Results: Overall, 13 (46%) of28 patients had a prostate specific antigen decrease of more than 

50% (95% confidence interval 27.5% to 66.1 %). Median duration of prostate specific antigen 
decrease for all responders was 30+ weeks and 5 patients continue to exhibit a response, ranging 
from 36+ to 53+ weeks. In general, therapy was well tolerated. There were no grade 4 toxicities. 
Grade 3 toxicities included hepatotoxicity in 1 patient and depression in 2. The most common 
toxicities were nausea (29% grades 1 and 2), dry skin (18% grade 1) and fatigue (14% grade 1). 
Four (14%) patients discontinued low dose ketoconazole due to toxicities. Of the 16 patients who 
received high dose ketoconazole after disease progression with low dose ketoconazole, 3 were 
removed from treatment due to toxicity and no patient responded to high dose ketoconazole. 
There was no difference in the distribution of pretreatment endocrine values between responders 
and nonresponders, and the magnitude of change in adrenal androgen levels was not associated 
with response to therapy, although a potential association could easily have been missed due to 
small sample size. 
Conclusions: The regimen oflow dose ketoconazole with replacement doses ofhydrocortisone is 

well tolerated and has moderate activity in patients with progressive androgen independent 
prostate cancer. 

KEY WORDS: prostatic neoplasms, ketoconazole, hydrocortisone 

It has been reported that in some patients with progressive 
androgen independent prostate cancer some cells retain some 
degree of hormonal sensitivity and can be stimulated by 
adrenal androgens.1 In this context it is of note that ketocon 
azole, a systemic antifungal agent, is a clinically useful an 
tagonist of adrenal steroidogenesis. Ketoconazole inhibits cy 
tochrome P-450 and effectively suppresses testicular and 
adrenal androgen production.e-> Interestingly, it may also 
have direct cytotoxic effects on prostate tumor cells." Origi 
nally used as a therapy for advanced prostate cancer before 
the advent of prostate specific antigen (PSA) as a tumor 
marker, high dose (400 mg.) oral ketoconazole 3 times daily 
was reported to produce objective clinical responses in ap 
proximately 10% of patients with androgen independent 
prostate cancer and stable disease in another 35%.5,6 More 
recently, we have reported that ketoconazole has moderate 
activity in patients with androgen independent prostate can 
cer with durable PSA decrease of greater than 50% observed 

Accepted for publication February 1, 2002. 
Supported by Janssen Pharmaceutical and CaPCURE. 

in 63% of patients who had previously undergone antiandro 
gen withdrawal? and in 55% of those undergoing simulta 
neous antiandrogen withdrawal.8 While toxicity is generally 
mild to moderate, up to 20% of patients experience grades 1 
and 2 nausea and emesis,7,8 requiring dose reduction or 
cessation of the drug. In addition, 20% of patients will have 
minor skin toxicity, 10% grade 1 or 2 fatigue and 10% revers 
ible grade 1 or 2 hepatotcxicity.t.f Patients with unaccept 
able toxicity are frequently treated empirically with a dose 
reduction of oral ketoconazole by half to 200 mg. 3 times 
daily. 
High dose ketoconazole with replacement doses of hydro 

cortisone has become a commonly used treatment option for 
patients with disease progression after androgen deprivation 
due to its efficacy and relative ease of administration.? While 
the mechanism of action of high dose ketoconazole is not fully 
understood, this dose of ketoconazole has been shown to 
suppress adrenal androgen production.5 However, response 
to treatment with ketoconazole has to date not been shown to 
correlate with suppression of adrenal androgen levels. LDK 
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may be an attractive alternative to high dose ketoconazole. 
Toxicity with high dose ketoconazole can limit the ability to 
deliver treatment. Anecdotal evidence suggests that low dose 
ketoconazole is better tolerated, although this question has 
not been addressed in a rigorous fashion. In addition, the cost 
of the high dose regimen is substantial, and a low dose 
regimen would bring down costs. While clinical responses to 
low dose ketoconazole have been reported, 10 the low dose has 
not been systematically studied. 

Given anecdotal evidence suggesting that low dose keto 
conazole has reduced toxicity while maintaining efficacy, a 
prospective phase II study of this regimen in patients with 
androgen independent prostate cancer was conducted. Re 
placement doses of oral hydrocortisone (20 mg. every morn 
ing, 10 mg. at bedtime) were also administered, since hydro 
cortisone as a single agent is known to have activity in 
advanced prostate cancer and we wished to compare the 
efficacy of low dose with historical high dose ketoconazole 
data. In addition, there were no compelling data available to 
suggest whether adrenal insufficiency occurred at this dose 
of ketoconazole.P so that concerns regarding patient safety 
mandated the use of replacement hydrocortisone. 

PATIENTS AND METHODS 

Eligible patients had histologically confirmed adenocarci 
noma of the prostate with progressive disease, as defined by 
the Prostate Specific Antigen Working Group Consensus 
Criteria.12 All patients had previously undergone antiandro 
gen withdrawal for a minimum of 8 weeks. Any other hor 
monal therapies, including any dose of megestrol acetate, 
finasteride or systemic corticosteroids, had to have been dis 
continued at least 4 weeks before study enrollment. Required 
laboratory parameters included total bilirubin and aspartate 
transaminase less than 2 times the upper limit of normal. All 
patients had a Karnofsky performance status of 60% or 
greater and a life expectancy of at least 3 months. Prior 
therapy with 1 nonchemotherapeutic, nonhormonal investi 
gational agent was permitted, provided it had been discon 
tinued at least 30 days before study enrollment. Exclusion 
criteria were prior treatment with chemotherapy, aminoglu 
tethimide, ketoconazole or herbal products such as saw pal 
metto or PC-SPES. Given drug interactions with ketocon 
azole, the concurrent use of terfenadine, astemizole or 
cisapride was not allowed. Radiation therapy within 28 days 
or radiopharmaceutical therapy within 60 days was not per 
mitted. 
Eligible patients were evaluated with a history and phys 

ical examination at study entry and monthly thereafter. In 
addition to a complete history and physical examination at 
each visit, patients were evaluated for adverse events. For 
mal quality of life or pain assessment was not performed. 
Complete blood count, PSA, total bilirubin, alkaline phospha 
tase, aspartate transaminase, creatinine and glucose were 
measured at baseline and then monthly. An endocrine panel 
including androstendione, dehydroepiandrosterone sulfate 
(DHEAS), dehydroepiandrosterone (DHEA) and testosterone 
was obtained at baseline and after 2 months of treatment. A 
bone scan and, if clinically indicated, computerized tomogra 
phy of the abdomen and pelvis were obtained at baseline. If 
imaging studies were positive at baseline they were repeated 
every 3 months. 
Patients received 200 mg. ketoconazole orally 3 times daily 

on an empty stomach along with replacement doses of oral 
hydrocortisone (20 mg. every morning with food and 10 mg. 
at bedtime with food). At the time progressive disease was 
documented as defined by the consensus criteria,12 the dose 
ofketoconazole was increased to 400 mg. orally 3 times daily 
and continued until disease progression. Replacement doses 
of hydrocortisone were continued as long as the patient was 
receiving ketoconazole. When the patient was no longer re- 

ceiving ketoconazole, hydrocortisone was tapered by 5 mg. 
every 3 days until completely discontinued. Antacids, H-2 
blockers and proton pump inhibitors were avoided. 
At each visit toxicity was graded according to the National 

Cancer Institute common toxicity criteria (version 2.0) and 
recorded. In the event of grade 3 or higher hepatotoxicity or 
symptomatic peptic ulcer or gastritis, patients were removed 
from protocol treatment. If nausea was reported, the patient 
was instructed to take ketoconazole with meals. Antiemetics 
other than corticosteroids were permitted. If grade 2 or 3 
nausea persisted despite these measures, the patient was 
removed from therapy. Patients with other grade 3 or higher 
toxicity had treatment withheld until toxicity resolved to 
grade 1 or better. Any patient with grade 4 toxicity or grade 
3 toxicity persisting for more than 4 weeks (except as out 
lined previously) was removed from protocol treatment. 
The primary end points of this prospective phase II study 

were to determine the response proportion and duration of 
response to low dose ketoconazole and replacement doses of 
hydrocortisone in patients with progressive prostate cancer 
despite androgen deprivation. PSA responses were defined 
according to the consensus criteria.12 The secondary objec 
tives of this trial were to determine the toxicity profile of this 
regimen, to assess the use of increasing ketoconazole to high 
dose in patients with disease progression on low dose and to 
correlate response to treatment with suppression of adrenal 
androgen levels. 
The study included 28 patients. This sample size was suf 

ficient to detect a response frequency of at least 40% com 
pared to the null hypothesis of 20% with power of approxi 
mately 80% (0.79). Descriptive statistics were used to 
characterize the patient and disease features as well as tox 
icity. Nonparametric Spearman correlation was calculated to 
evaluate the association between adrenal androgens. The 
change in endocrine measurements from before treatment to 
2 months after low dose ketoconazole was analyzed using the 
nonparametric Wilcoxon test for paired data. The distribu 
tions of adrenal androgens for responders and nonresponders 
were compared using the Mann-Whitney test. 

RESULTS 

Patient characteristics. A total of 28 patients with andro 
gen independent prostate cancer was treated and all were on 
study at least 2 months and were evaluable for toxicity and 
response. Pretreatment patient characteristics are listed in 
table 1. Median patient age was 76 years (range 49 to 91). Of 
the patients 17 had bone only disease, 3 had bone and soft 
tissue disease, and 8 had PSA elevation as the only manifes 
tation of progressive disease. At the start of therapy median 
PSA was 48.9 ng./ml. (range, 6.3 to 557.8), alkaline phospha 
tase 97 units/I. (range, 61 to 489), hemoglobin 13.1 gm.Id!. 

TABLE 1. Pretreatment patient characteristics 
Age: 

Median 
Range 

No. extent of disease: 
PSA only 
Bone only 
Bone and soft tissue 

PSA (ng./ml.): 
Median 
Range 

Alkaline phosphatase (units per I.): 
Median 
Range 

Hemoglobin (gm./dl.): 
Median 
Range 

Performance status: 
Median 
Range 

76 
49-91 

8 
17 
3 

48.9 
6.3-557.8 

97 
61-489 

13.1 
10.1-14.3 

0 
0-1 
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(range 10.1 to 14.3) and Eastern Cooperative Oncology Group 
performance status O (range, 0 to 1). 

Clinical outcome. Overall, 13 (46%) of 28 patients had a 
PSA decrease of more than 50% (95% confidence interval 
27 .5%-66.1 %). PSA responses were seen regardless of distri 
bution of disease, although proportionately more PSA de 
creases were seen in patients with PSA only disease. PSA 
decreases of greater than 50% were seen in 6 (35%) of 17 
patients with bone only disease, 1 (33%) of 3 with bone and 
soft tissue disease, and 6 (75%) of 8 patients with PSA ele 
vation only. No responses were observed on bone scans or CT 
Median duration of PSA decrease for all responders was 30+ 
weeks and 5 patients continued to exhibit a response ranging 
from 36+ to 53+ weeks. In 16 patients disease was unre 
sponsive to low dose ketoconazole and the ketoconazole dose 
was increased to 400 mg. orally 3 times daily. Of these 16 
patients 3 were taken off high dose ketoconazole due to 
toxicity and the remaining 13 did not respond to high dose 
ketoconazole. However, 2 patients remain on high dose keto 
conazole with stable disease at 16+ and 19+ weeks. 
Toxicity. Toxicity following low dose ketoconazole for all 28 

patients is listed in table 2. In general, therapy was well 
tolerated. There were no grade 4 toxicities. Grade 3 toxicities 
included hepatotoxicity in 1 patient and depression in 2. The 
most common toxicities were grades 1 and 2 nausea (29%), 
grade 1 dry skin (18%) and grade 1 fatigue (14%). Four 
patients (14%) discontinued low dose ketoconazole due to 
persistent grade 2 nausea (1), grade 3 depression (2) and 
grade 3 hepatotoxicity (1). High dose ketoconazole was dis 
continued due to persistent grade 2 nausea in 2 patients and 
grade 2 gastric ulcer with grade 1 gastrointestinal bleeding 
in l. 
Adrenal androgen levels. Adrenal androgen (androstenedi 

one, DHEA, and DHEAS) levels were measured at baseline and 
after 2 months of treatment (table 3). The baseline DHEA value 
significantly correlated with androstenedione (p = 0.02) and 
DHEAS (p = 0.002). There was no significant difference in the 
baseline endocrine values between responders and nonre 
sponders but there was a significant decrease in all 3 parame 
ters after 2 months of therapy. Median change was -0.49 ng./ 
ml. (range -1.98, 0.02) in androstenedione, -1.4 ng./ml. (range 
-5.2, -0.3) in DHEA and -327.1 ng./ml. (range -1318.9, 
-23.0) in DHEAS. However, the degree of adrenal androgen 
suppression was not associated with response nor was the de 
gree of suppression predicted by response to low dose ketocon 
azole. 

DISCUSSION 

A PSA response proportion of 46% was demonstrated in 
this prospective trial of low dose ketoconazole with replace 
ment doses of hydrocortisone. While the use of PSA as an 
intermediate marker of response and outcome remains con 
troversial, an emerging body ofliterature supports the use of 
a greater than 50% decrease in PSA as an intermediate 
marker of survival13-16 in patients with androgen indepen 
dent prostate cancer treated with secondary hormones, cyto 
toxic agents or suramin. Although it is not appropriate to 

TABLE 2. Toxicity to low dose ketoconazole 

Toxicity 
Grade 1 Grade 2 Grade 3 

Nausea 5(18) 3 (11) 0 
Dry skin 5(18) 0 0 
Fatigue 4 (14) 0 0 
Bruising 1 (4) 0 0 
Liver (aspartate transaminase, alanine 0 1 (4) 1 (4) 
transaminase) 

Stoma ti tis 0 1 (4) 0 
Depression 0 0 2 (7) 
Insomnia 0 1 (4) 0 

No.(%) 

TABLE 3. Adrenal androgen levels 
Before Treatment After 2 Mos. 

No. Median Ng./Ml. 
(range) No. Median Ng./Ml. 

(range) 

Androstenedione 
DHEA 
DHEAS* 

27 o. 71 (0.33-2.62) 
27 2.3 (0.9-6.0) 
27 364.8 (50-1,907) 

25 
25 
25 

0.30 (0.10-0.73) 
1 (0.5-1.7) 

50 (9-588.1) 
• Two-month values which were reported as less than 50 were coded as 50 

for calculations. 

compare the results for this trial directly with the results of 
retrospective series using high dose ketoconazole with hydro 
cortisone replacement, the PSA response proportion observed 
seemed close to the historic high dose ketoconazole response 
rate of 50%. Furthermore, increase to high dose ketoconazole 
failed to "capture" any patients who had progressive disease 
despite low dose ketoconazole. While this observation clearly 
does not demonstrate equivalence between low dose ketocon 
azole and high dose ketoconazole, it suggests that the mech 
anism of action is unlikely to be significantly different. 
Ketoconazole is a substituted imidazole that suppresses 

testicular and adrenal steroidogenesis by inhibition of the 
conversion of cholesterol to pregnenolone. Because ketocon 
azole is a potent inhibitor of all adrenal steroid synthetic 
pathways, replacement doses of hydrocortisone may be re 
quired. Glucocorticoids alone may have antitumor effects 
mediated either by direct interaction with androgen recep 
tors or by feedback inhibition of the hypothalamic-pituitary 
adrenal axis. Contemporary studies have tried to control for 
the beneficial effects of antiandrogen withdrawal in this set 
ting. Kelly et al reported on 30 patients treated with 40 mg. 
hydrocortisone daily and found that 20% had a decrease of at 
least 50% in serum PSA maintained for a median of 4 
months.14 Dawson et al treated 34 patients with hormone 
refractory disease with 30 mg. hydrocortisone daily and 
found a 29% PSA response proportion.17 In a recent random 
ized trial hydrocortisone was evaluated alone or in combina 
tion with mitoxantrone in patients with hormone refractory 
prostate cancer.18 A greater than 50% decrease in PSA was 
observed in 22% of patients treated with hydrocortisone 
alone. Finally, in a large study comparing suramin plus hy 
drocortisone to placebo plus hydrocortisone in patients with 
metastatic hormone refractory disease and opioid analgesic 
requirements 38 (16%) of 230 treated with 40 mg. hydrocor 
tisone daily plus placebo had a greater than 50% reduction in 
PSA.19 Taken together, these data suggest that 16% to 29% of 
patients will have a greater than 50% reduction in PSA when 
treated with 30 to 40 mg. hydrocortisone daily. The response 
proportion observed with hydrocortisone plus low dose keto 
conazole appears to be considerably higher than that ex 
pected with hydrocortisone alone, and supports prior experi 
ence that suggested that ketoconazole is an active agent in 
this group of patients. However, the true benefit of adding 
ketoconazole to hydrocortisone can only be adequately ad 
dressed in a randomized trial. 
Baseline levels of androstenedione, DHEA and DHEAS did 

not differ between responders and nonresponders. While all 3 
of these endocrine parameters decreased significantly after 2 
months of therapy, the degree of decrease was not predicted 
by response. Of note, low dose ketoconazole clearly sup 
presses adrenal steroidogenesis. Therefore, replacement 
doses of hydrocortisone are recommended, even when keto 
conazole is administered at low doses, despite the possibility 
that it may not be necessary in all patients. While high dose 
and low dose ketoconazole have been shown to suppress 
adrenal androgen production.s-P no study has shown an 
association between response to treatment and changes in 
adrenal androgen levels. While our study was likely too small 
to detect an association with adequate power, this question is 
being addressed in a recently completed cancer and leukemic 
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group B phase III study of antiandrogen withdrawal alone or 
with high dose ketoconazole. It is intriguing that preliminary 
results from this trial revealed that the baseline level of 
DHEA appeared to be an independent predictor of survival.s? 
Low dose ketoconazole is attractive because of its favorable 

toxicity profile, ease of use and its reduced cost compared to 
high dose ketoconazole. All medications are given orally and 
patients need only monthly laboratory followup. As with high 
dose ketoconazole, nausea was the most frequent toxicity. 
However, nausea was generally mild to moderate, and only 1 
patient discontinued low dose ketoconazole due to persistent 
grade 2 nausea. Only 3 patients (11%) experienced grade 3 
toxicity (hepatotoxicity in 1 and depression in 2), and no 
patient experienced grade 4 toxicity. While the relative effi 
cacy and toxicity of low dose compared with high dose keto 
conazole can only be assessed in a phase III trial, these data 
suggest that low dose ketoconazole should be considered as a 
treatment option in this patient population. 
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Two Prevalent CYP17 Mutations and Genotype 
Phenotype Correlations in 24 Brazilian Patients 
with 17-Hydroxylase Deficiency 
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We performed molecular genetic analysis of24 subjects from 
19 families with 17-hydroxylase deficiency in Brazil. Of 7 novel 
CYP17 mutations, 2 (W406R and R362C) account for 50% and 
32% of the mutant alleles, respectively. Both mutations were 
completely inactive when studied in COS-7 cells and yeast 
microsomes; however, phenotypic features varied among sub 
jects. Some 46,}CY individuals with these genotypes had am 
biguous genitalia, and other subjects had normal blood pres 
sure and/or serum potassium. We found mutations W406R and 
R362C principally in families with Spanish and Portuguese 
ancestry, respectively, suggesting that two independent 
founder effects contribute to the increased prevalence of 17- 
hydroxylase deficiency in Brazil. Mutations Y329D and P428L 

retained a trace of activity, yet the two individuals with these 
mutations had severe hypertension and hypokalemia. The 
46,XX female with mutation Y329D reached Tanner stage 5, 
whereas the 46,}CY subject with mutation P428L remained sex 
ually infantile. The sevedty of hypertension, hypokalemia, 
17-deoxysteroid excess, and sex steroid deficiency varied, 
even among patients with completely inactive CYP17 pro 
tein(s). Spontaneous sexual development occurred only in 
46,XX females with partial deficiencies. We conclude that 
other factors, in addition to CYP17 genotype, contribute to the 
phenotype of individual patients with 17-hydroxylase 
deficiency. (J Clin Endocrinoi Metab 89: 49-60, 2004) 

MUTATIONS IN THE CYP17 gene cause 17-hydroxylase 
deficiency (170HD), a rare form of congenital adrenal 

hyperplasia (CAH) with an estimated incidence of about 
1:50,000 newborns (1). Individuals with 170HD account for 
roughly 1 % of all cases of CAH, and most reports involve 
isolated cases from consanguineous families (2). Since cloning 
of the CYP17 gene encoding cytochrome P450c17 (CYP17, 17a 
hydroxylase/17,20-lyase) (3), nearly 40 different mutations in 
CYP17 have been described (4-9), although a few more com 
mon mutations reoccur in certain ethnic groups (10-12). 
The typical features of complete 170HD were described 

almost 40 yr ago (13), as hypertension, hypokalemia, and 
sexual infantilism in phenotypic females. Subsequent reports 
identified 170HD as a cause not only of incomplete male 
pseudohermaphroditism (14), but also sexual infantilism in 
46,XY subjects (15). TI1e lack of adrenal 17a-hydroxylase 
activity drives massive overproduction of the 17-deoxy 
steroids 11-deoxycorticosterone (DOC) and corticosterone 
(B), which are the mineralocorticoids that cause hypertension 
and hypokalemia in 170HD (4). Concomitant lack of gonadal 
17,20-lyase activity precludes sex steroid production and 
hence the development of the male phenotype in uiero or of 
secondary sexual characteristics at puberty. 

Abbreviations: CAH, Congenital adrenal hyperplasia; CPR, cyto 
chrome P450-oxidoreductase; DOC, 11-deoxycorticosterone; 170HD, 
17-hydroxylase deficiency. 
JCEM is published monthly by The Endocrine Society (http://www. 
endo-society.org), the foremost professional society serving the en 
docrine community. 

Nevertheless, there is considerable variation in the clinical 
and biochemical features of 170HD (16), including the vari 
ant of isolated 17,20-lyase deficiency (17, 18). TI1e severity of 
clinical disease tends to be milder with mutations that retain 
partial catalytic activity in assays using heterologous expres 
sion systems (4), but the age of onset of hypertension, the 
degree of hypokalemia, and the aldosterone production rate 
appear to vary, even among patients with mutations that 
completely inactivate the enzyme (2). However, because 
there have been no studies of multiple individuals bearing 
the same genotype who have been studied by the same 
investigators, it is not clear to what extent genotype alone 
determines phenotype in 170HD. 

Worldwide, the most common form of CAH is 21-hydrox 
ylase deficiency (19), and the second most common form 
appears to be lipoid CAH in Japan and Korea (20) and 11- 
hydroxylase deficiency in the Middle East (21); founder ef 
fects that yield a single prevalent mutation account for the 
high prevalence of these two disorders in their respective 
populations. In contrast, 170HD appears to be the second 
most common form of CAH in Brazil (16, 22). Founder effects 
may also contribute to the high prevalence of 170HD in 
Brazil, but the population of Brazil is among the most eth 
nically heterogeneous in the world (23). The Portuguese set 
tled Brazil beginning in the 1500s, and the indigenous Am 
erindian people, Africans derived from the extensive slave 
trade, and waves of immigration from Italy, Spain, Germany, 
Asia, and The Netherlands contribute to the genetic diversity 
(23-25). 
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The Brazilian Congenital Adrenal Hyperplasia Multi 
center Study Group has had the opportunity to evaluate the 
clinical features of 30 subjects with 170HD from 24 kindreds, 
the largest group of 170HD cases studied by a single group. 
To provide insight into the phenotypic variations in 170HD 
and to define the genetics of 170HD in Brazil, we analyzed 
the CYP17 gene in these subjects. We now report the results 
of molecular genetic and functional analyses of the 
mutations. 

Subjects and Methods 
Subjects, clinical presentation, and hormonal evaluation 

Of 30 subjects in whom the diagnosis of 170HD was established (at 
Escola Paulista de Medicina by C.E.K.), DNA was analyzed in 24, con 
stituting the cohort for the genetic analysis. These 24 subjects derived 
from 19 kindreds, and consanguinity was known to occur in 6 of the 19 
families. The study protocol was approved by the committee on ethics 
in human research from Escola Paulista de Medicina (n.1703/98), and 
all patients provided written informed consent. Blood pressure was 
measured by aneroid sphygmomanometer in the seated position on at 
least three occasions. For diagnostic studies, blood samples were ob 
tained before and 60 min after the iv injection of 250 µg cosyntropin 
[synthetic ACTH-(1-24)], and Table 1 lists the mean and ranges of basal 
and stimulated hormone values in these subjects. The diagnosis of 
170HD was established by the reduced circulating concentrations of 
cortisol and gonadal steroids, elevated gonadotropins, and high [>3 SD 
above normal, with or without ACTH-(1-24) stimulation] concentra 
tions of the diagnostic steroids DOC and/or B, as well as frequently 
elevated concentrations of 18-hydroxydeoxycorticosterone and 18- 
hydroxycorticosterone (16). In our subjects, basal hormone concentra 
tions alone established the diagnosis. The clinical features are summa 
rized in Table 2. 

DNA preparation, PCR, and sequencing 
DNA was extracted from peripheral leukocytes (Pure Gene DNA 

Isolation Kit D-5000, Gentra Systems). The 6.4-kb CYP17 gene was am 
plified into 1-4 pieces from 0.5-1 µg genomic DNA using TaKaRa Ex 
Taq DNA polymerase (Takara Shuzo Co., Shiga, Japan) in 100-µl reac 
tions using buffer and deoxy-NTPs provided by the manufacturer and 
3% dimethylsulfoxide. The primers are listed in Table 3, and the loca 
tions of the primers are illustrated in Fig. l. To amplify 3- to 4-kb 
products, PCR parameters included 40 cycles of 3 min at 94 C, 1 min at 
65 C, and 3 min at 70 C. For amplification of the entire gene, the annealing 
time was increased to 1.5 min, and the extension parameters were 72 C 
for 5.5 min. The final PCR products were precipitated with ethanol and 
purified on 1 % agarose gels using the QIAEX II kit (Qiagen, Chatsworth, 
CA). Amplicons were submitted for direct sequencing of the 8 exons and 
flanking intronic DNA by the dye termination method on a PE Applied 
Biosystems instrument (McDermott Center Sequencing Facility at Uni 
versity of Texas Southwestern Medical Center, Dallas, TX). The muta 
tions were identified by comparison with the GenBank sequence (ac 
cession no. M19489) for CYP17 (3) using MacVector 6.5.3 (Accelrys 
Corp., San Diego, CA). Identified mutations were confirmed by se 
quencing the product of a second PCR amplification in the opposite 
direction. 

Heterologous expression and enzyme assay 
The cDNAs for missense CYP17 mutations were generated by sequential 

PCR using overlapping mutagenic oligonucleotides (Table 3) with template 
plasmid pLWOl-cl7 and Ex Taq polymerase with 1 % dimethylsulfoxide as 
previously described (26). The final PCR product was extracted with phe 
nol-chloroform, precipitated with ethanol, digested with BnmHI and EcoRI, 
gel-purified, ligated into the eukaryotic expression vector pcDNA3 (In 
vitrogen, Carlsbad, CA), and later subcloned into yeast expression vector 
VlO (27). Each cDNA insert was sequenced in its entirety to ensure that onJy 
the desired mutations were introduced. 

The enzymatic activities of the four missense mutations were studied 
by transient transfection of COS-7 and HEK-293 cells with 1-2 µg of the 

Costa-Santos et al. • Two Common CYPJ7 Mutations in Brazil 

TABLE la. Basal and ACTH-stimulated adrenal steroid values in 
24 Brazilian patients with 170HD 

Steroids Basal Post-ACTH 
Basal Post-ACTH 

Cortisol (ug/dl) 2.3 :!: 2.9 6.2 :!: 7.9 6-25 18-42 
(0.1-11.9] (0.1-19.7] 

DOC (ng/dl) 291 :!: 124 415 :!: 159 4-12 12-61 
(120-504] (150-737] 

B (µg/dl) 15.5 :!: 7.7 23.9 :!: 10.6 0.1-0.5 1.7-4.8 
(0.84-32.9] (2.66-44.4] 

180HDOC (ng/dl) 271 :!: 163 
(35-704] 

180HB (ng/dl) 261 :!: 139 
(11-456] 

478 :!: 253 
(41-1045] 

411 :!: 232 
(43-855] 

Reference values" 

0-10 

10-35 

56-158 

84-174 

Values are the mean:!: SD [range]. 180HB, 18-hydroxycorticoste 
rone; 180HDOC, 18-hydroxydeoxycorticosterone. 

0 Basal and ACTH-stimulated reference values from Nichols In 
stitute and from Kater et al. (25a); normal ranges for adolescents and 
adults are similar. Conversion factors for Systeme International units 
are: DOC, x0.03026 nmol/liter; B, X28.86 nmol/liter; 180HDOC, 
X0.02886 nmol/liter; 180HB, X0.02759 nmol/liter; cortisol, X27.59 
nmol/liter. 

TABLE lb. Baseline gonadotropin and gonadal steroid values in 
24 Brazilian patients with 170HD 

Patients Reference Gonadotropins/gonadal steroid 
46,XX 46,XY values 

LH (IU/liter) 51 :!: 31 50 :!: 28 2-15 
(12.5-79] (12.7-87] 

FSH (ID/liter) 87 :!: 40 77 :!: 42 2-12 
(38-170] (20-164] 

Testosterone (ng/dl) 30 :!: 16 18 :!: 16 <50° 
[12.5-65] [2-48] 

Estradiol (ng/dl) 1.1 :!: 0.7 1.5 :!: 1.0 <30° 
[0.1-2.2] (0.3-3.1] 

Values are the mean :!: SD [range]. 
0 Reference values for testosterone and estradiol are given for pre 

pubertal children and are higher for Tanner stages 2-5. Conversion 
factors for Systeme International units are: testosterone, X0.03467 
nmol/liter; estradiol, X 35. 71 pmol/liter. 

pcDNA3 expression vectors using FuGENE6 (3 µl) in 100 µl serum-free 
medium as previously described (26). Incubations with 0.1 µM [3H]pro 
gesterone, -pregnenolone, or -17a-hydroxypregnenolone (90,000 cpm; 
PerkinElmer Life Sciences, Norwalk, CT) for up to 16 h were repeated 
three times using COS-7 cells and were confirmed with an additional 
experiment using HEK-293 cells under similar assay conditions. In some 
cases, incubations were repeated with 0.01 µM steroids to increase assay 
sensitivity. Extraction, chromatography, and autoradiography were per 
formed as previously described (28). 

The P450 content and enzymatic activities of the mutations were also 
studied in Soccharonnjces cereuisiae strain W303B. Yeast were transformed 
with 1 µg expression vector VlO (empty, and with wild-type or mutant 
CYP17 cDNA) with or without pYcDE2-0R to provide cytochrome 
P450-oxidoreductase (CPR) (29), using the lithium acetate method as 
previously described (26). CO-reduced P450 difference spectra were 
performed by resuspending yeast harvested from 80 ml culture in 12 ml 
0.1 mM potassium phosphate (pH 7.4) with glucose, adding 3-ml aliquots 
to two cuvettes, and bubbling CO gas into the sample cuvette for 1 min 
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TABLE 2. Clinical characteristics of 24 Brazilian subjects with 170HD at diagnosis 

Kindred and subjects Age (yr) Remarkable features" Karyotype" Tanner stage EG< Social sex SBP DBP I{+ 
Mutations (mm Hg) (mm Hg) (mEq/liter) 

1-1 10.3 Amb/MPH XY BlPl Amb F 140 100 3.3 R362C 
1-2 16.5 Classical xx BlPl Fem F 130 95 3.6 R362C 
2 13.7 Normal K+/MPH XY BlPl Fem F 140 105 3.9 R362C 
3 13.8 Hip Fx/MPH XY B1P2 Fem F 145 110 2.4 W406R 
4 14.4 Classical/MPH XY BlPl Fem F 135 90 3.6 W406R 
5-1 15.5 Classical/MPH XY BlPl Fem F 140 100 3.2 W406R 
5-2 11.8 Classical xx BlPl Fem F 155 97 3.6 W406R 
6 19 Arrh/MPH XY B1P2 Fem F 145 100 2.6 P428L 
7-1 34 Stroke/MPH CN B1P2 Fem F 200 130 2.5 R362C 
7-2 34 Classical xx B3P2d Fem F 200 130 R362C 
8 15.7 Classical xx BlPl Fem F 150 120 3.4 W406R 
9 16.6 Normal BP xx BlPl Fem F 115 70 1.8 W406R 

10-1 17.4 Classical xx BlPl Fem F 137 102 2.0 W406R 
10-2 18 !K+ Myop xx B1P2d Fem F 145 110 3.8 W406R 
11 27 Tanner 5 xx B5P5 Fem F 170 100 2.8 Y329D/A-G 
12 16 Classical/MPH XY B3P2d Fem F 110 70 3.6 W406R 
13 19.7 Classical/MPH XY BlPl Fem F 160 100 2.9 W406R/R362C 
14 15 Classical/MPH XYIXO; CN BlPl Fem F 125 80 3.1 W406R 
15 14 Classical/MPH XY B2Pl Fem F 180 110 2.6 W406R/R362C 
16 27 Stroke/MPH XY B5P2d Fem F 160 120 2.3 Y329X 
17 40 ! K+ Myop/MPH XY/XXY B2Pld Fem F 130 90 3.2 W406R/M1T 
18-1 17 GB xx B3P2 Fem F 120 80 3.4 R362C 
18-2 27 Classical xx B3P2" Fem F 130 90 R362C 
19 19 Classical/MPH XY BlPl Fem F 3.1 W406R 

Median 18 146 100 3.2 
Range 10.3-40 110-200 70-120 1.8-4.1 

" Classical, Hypertension, hypokalemia, pubertal delay; MPH, male pseudohermaphrodite; Hip Fx, hip fracture; Arrh, arrhythmia; Myop, myopathy; GB, gonadoblastoma in 
streak ovaries. 

b CN, Chromatin (buccal smear inactive X) negative; case 17, 1 cell in 39 was XXY. 
0 EG, External genitalia; Arnb, ambiguous genitalia; Fem, female/infantile. 
" Gonadal steroid replacement begun before diagnosis. 
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TABLE 3. Oligonucleotide primers for DNA amplification and sequencing 

Primer no. Oligonucleotide primer Sequence Oligo pairs and amplicons 

CYP17 gene" 
1 cl 7geneSlab 5' -CTCCAC_QGCTGTCTATCTTGCCTGCC-3' 6.4 kb 
2 c17geneAS1 5' -CTCTAAATCTGTGTTGTGGGGCCAC-3' 
3 I3Sl 5'-GCTGGAGAAGCAAAATGGAAGAAGGGTGG-3' 3.0 kb (1 +4, 2+3) 
4 I4AS1 5' -CCTACTATGTGCCAGGTTCTCTGCTTG-3' 0.25 kb (3+4) 
5 I1AS1 5' -TGGTCTGAAGACCTGAACCAATCCC-3' 0.4 kb (1+5) 
6 I1Sl 5' -CAAGAGTGGGGTGGATGGGTGTGAG-3' 
7 I3AS1 5' -GATTGGGGACAATGTCAGGGTCTAC-3' 0.6 kb (6+7) 
8 I4Sl 5' -GAGTGTCACAGATGGGGCTCCTTCC-3' 0.75 kb (8+9) 
9 I6AS1 5' -TGGGCTGGCAAGCAGTGAATGCATC-3' 
10 I6Sl 5' -GCATGAGGCTGAGCAAGGAAGGGAG-3' 1.0 kb (2+10) 
11 I5Sl 5' -CCTCTCCTGGGCTTACACACACTAG-3' 1.5 kb (11 + 12) 
12 I7AS1 5' -AGCAGAGTCCAGGCTCGCTGTGTG-3' 

Promotor 
13 c17PS1 5'-GAAGGGACTGCTGGAGCCATGGCAG-3' 0.9 kb (13+ 14) 
14 c17PAS1 5' -GGAGGGGGTGTAAGAACAGGGAGAG-3' 
15 c17PS2 5' -GCCCTTTGTCCTTTCCCTCAGAAGC-3' 0.9 kb (15+ 16) 
16 c17PAS2 5'-CAGCAAGAGAGCCACGAGCTGCCAC-3' 
17 c17PS3 5' -ACCTATCTCTCCCTTCCCTTCCACC-3' 0.9 kb (5+17) 

Mutagenesis" 
18 W406R-Sl 5' -AATGAGAAGGAGCGGCACCAGCCGGATCAG-3' 0.5 kb (18+26) 
19 W406R-AS1 5' -ATCCGGCTGGTGCCQCTCCTTCTCATTGTG-3' 1.2 kb (T7 + 19) 
20 R362C-Sl 5'-CGAGAGGTGCTTTGCCTCAGGCCCGTGGCC-3' 0.6 kb (20+26) 
21 R362C-AS1 5'-ACGGGCCTGAGGCbAAGCACCTCTCGGATG-3' 1.1 kb (T7+21) 
22 P428L-Sl 5'-CAGCTCATCTCACTGTCAGTAAGCTATTTG-3' 0.4 kb (22+26) 
23 P428L-AS1 5' -TAGCTTACTGACAGTGAGATGAGCTGGGTC-3' 1.3 kb (T7+23) 
24 Y329D-Sl 5' -AAGAAGAAGCTCQACGAGGAGA TTGACCAG-3' 0.6 kb (24+26) 
25 Y329D-AS1 5'-GTCAATCTCCTCGT_QGAGCTTCTTCTTCAC-3' 1.1 kb (T7+25) 
26 pLWOl-ASl 5' -TCAGCAAAAAACCCCTCAAGACCCG-3' 1.7 kb (T7+26) 

0 Ix, Intron x; S and AS, sense and antisense, respectively (see Fig. 1 for primer locations). 
b Primer cl 7geneS1 was modified (underlined C) to cl 7geneSla (see Results). 
c T7 (sense) and pLW01-AS1 (antisense) oligonucleotides were used as terminal primers. The mutated base pair is underlined. 

FIG. 1. Schematic representation of 
the human CYP17 gene, indicating the 
approximate locations and sizes of ex 
ons (numbered boxes), oligonucleotide 
primers (arrows, numbered as ex 
plained in Table 3), and identified mu 
tations (labeled asterisks). 

f-16 
13-+ 15-+ 17-+ [2] 
---1 

Promotor +- 14 

1-+ 

kb~I __ _._ _ __...._ _ _._ __ _._ __ ..._ _ __. __ _,J 

(26). Using the same suspension of whole yeast used for CO-reduced 
spectra, substrate-induced difference spectra were recorded with up to 
40 µM progesterone as previously described (30). 

Microsomes were prepared from 1 liter yeast culture grown to an A600 
of 1.0-1.8 in defined medium by sonication of spheroplasts as previously 
described (26), and protein content was determined by colorometric 
assay. Microsomes containing CPR and wild-type CYP17 (25 µg ~rotein) 
or the mutations (250 µg) were incubated at 37 C with 0.1 µM [ H]pro 
gesterone, -pregnenolone, or -17a-hydroxypregnenolone for 60 min in 
200 µI 50 mM potassium phosphate, pH 7.4, with 1 mM NADPH. Ex 
traction, chromatography, and autoradiography (26, 29) and immuno 
blotting were performed as previously described (28). 

Results 
Mutation analysis 

Seven CYP17 gene mutations were found, none of which 
has been described previously. We found 5 missense muta 
tions in exons 1, 6 (two), 7, and 8; a nonsense mutation in exon 

6; and an AG to CG mutation at g.2306 in the splice acceptor 
site of intron 2 (Table 4 and Fig. 1). Mutation W406R in exon 
7 was the most common, accounting for half of the mutant 
alleles, including 11 homozygotes. Mutation R362C ac 
counted for almost one third of the mutant alleles with 7 
homozygotes, and 2 subjects were compound heterozygotes 
for W406R plus R362C. Together, mutations W406R and 
R362C accounted for 23 of 28 (82%) of the alleles identified 
in 25 (52%) and 16 (33%) of the 48 sequenced CYP17 genes, 
respectively (Table 4 and Fig. 2). One subject was homozy 
gous for P428L, and another was homozygous for Y329X. 
One 46,XX female who reached Tanner stage 5 (Table 2) was 
a compound heterozygote for Y329D and the AG to CG 
substitution in the splice acceptor site of intron 2, and 1 
subject was heterozygous for MIT and W406R. 
Only the Ml T mutation altered the restriction map of the 
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TABLE 4. CYP17 mutations in 24 Brazilian subjects 

Mutations" 
Heterozygotes? Exon/Intron Homozygotes Affected alleles" 

Amino acid Nucleotide 

1 W406R TGG/CGG 7 11 3 (2X R362C; lX MlT) 14 (50) 
2 R362C CGC!TGC 6 7 2 (2X W406R) 9 (32) 
3 P428L CCG/CTG 8 1 0 1 (3.5) 
4 Y329X TACtrAG 6 1 0 1 (3.5) 
5 Y329D TAC/GAG 6 0 1 (AG/CG splice) 1 (3.5) 
6 MlT ATG/ACG 1 0 1 (W406R) 1 (3.5) 
7 AG/CG splice (position 2306) AG/CG Intron 2 0 1 (Y329D) 1 (3.5) 

Total 20 subjects 4 subjects 28 (100) 
0 Base substitutions are underlined. 
b The second mutation affecting the compound heterozygotes is in parentheses, such that each subject is listed twice. 
c Allele frequency is calculated based on one allele per homozygote (see text). Percentages are given in parentheses. 

A W406R 
Homozygous 
Glu Arg His 

;G AGC GGCACC 
120 

FIG. 2. Brazilian CYP17 mutations. A, Electro 
pherograms corresponding to homozygous and het 
erozygous patients for the common mutations 
W406R and R362C. PCR-amplified DNA was puri 
fied and submitted for direct sequencing using oli 
gonucleotide l6Sl (for W406R) or l4Sl (for R362C) as 
described in the text. B, Pmll digest from patient and 
family members bearing the Ml T mutation. Half of 
the DNA, PCR-amplified using oligonucleotides 
c17PS3 and 11AS1 (1 kb arnplicon), is digested by 
Pmll, indicating heterozygosity for MlT in all three 
family members. The sequences ofth:is region for the 
wild-type and mutant alleles are shown with the 
Pmll. site underlined. 

Heterozygous 
Glu W/R His 

::;GAGCGGCICC 
20 1: 

R362C 
Homozygous 
Leu Cys Leu 

CTTTGCCTCA• 
130 

Heterozygous 
Leu RIC Leu 

:C TTTGC CTCA 
130 

8 
Proband ~ Half-Sister Control 

Pm/I: - + + - + - + 

WT: CACCATGTGGGA 
M1T: CACCACGTGGGA 

surrounding region, introducing a Pmll site (CACGTG). Half 
of the DNA that was amplified from the affected proband 
with this mutation, from her mother, and from her half-sister 
was digested by Pm/I at the expected site, indicating that all 
3 are heterozygous for this mutation (Fig. 2). For the family 
members of all other kindreds, zygosity was determined by 
sequencing amplified DNA from the region surrounding the 
mutation(s). DNA from all 29 available parents and from 36 
of 46 available siblings (78%) contained 1 copy of the same 
mutation found in the affected family member. 
After sequencing the exons and flanking intronic DNA 

from 24 patients, we consistently observed 5 differences from 
the CYP17 sequence M19489 deposited in GenBank (3): 1) a 
polymorphism at D283 (GAT to GAC) in exon 5, 2) a third 
Cat the CC in positions -26 to -28 at the 3' end of intron 
2, 3) a third C at the CC in positions -3 to -5 at the 3' end 
of intron 3, 4) an A to T substitution in position -5 at the 3' 
end of i.ntron 7, and 5) a C in place of the T 34 bp upstream 
from the ATG start codon. This last difference was incorpo 
rated into primer c17geneS1a, which gave better PCR am 
plifications than primer c17geneS1 (Table 3). These differ- 

ences, except for 2 and 5 above, have been noted previously 
(31), suggesting that these minor changes correspond to the 
correct sequence in our population. 

Heterologous expression, enzyme assay, and 
difference spectroscopy 

To determine whether the mutant enzymes retained any 
residual 17a-hydroxylase activity, cDNAs bearing the four 
missense mutations (W406R, R362C, P428L, and Y329D) 
were constructed and subcloned into mammalian and yeast 
expression vectors pcDNA3 and VlO, respectively. COS-7 
cells transiently transfected with pcDNA3 containing the 
wild-type CYP17 cDNA metabolized progesterone to the 
expected 4:1 mixture of 17a-hydroxyprogesterone and 16a 
hydroxyprogesterone (Fig. 3) (32, 33). In contrast, COS-7 cells 
expressing the CYP17 mutations W406R and R362C pro 
duced only the same background metabolites as mock-trans 
fected cells (Fig. 3). Unlike mutations W406R and R362C, 
mutation Y329D always exhibited a small amount (-5%) of 
residual activity when expressed in COS-7 cells, and muta- 
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Std Mock WT W406R R362C P428L Y329D 

• • 
• • 

I I 

-Prog 

f -170HP 

t -160HP • FIG. 3. Progesterone metabolism by transiently transfected COS-7 
cells expressing the cDNA for CYPl 7, wild type or mutations W406R, 
R362C, P428L, and Y329D. A representative autoradiog:ram of chro 
matographed steroid products is shown, with the locations of steroid 
standards indicated. The film was intentionally overexposed to reveal 
trace 17a-hydroxylation by mutations P428L and Y329D, so that 
by-products of progesterone metabolism by endogenous enzymes ap 
pear more abundant than is typical. Similar results were obtained in 
three separate experiments with COS-7 cells and in one identical 
experiment using HEK-293 cells. Prag, Progesterone; 170HP and 
160HP, 17a-hydroxy- and 16a-hydroxyprogesterone, respectively. 

tion P428L yielded a trace of 170:-hydroxyprogesterone in 
most experiments (Fig. 3). 
The activity and spectral properties of the mutations were 

further characterized in yeast. Yeast microsomes containing 
wild-type human CYP17 and human P450-oxidoreductase 
are an abundant source of enzyme activity (29), as demon 
strated by the pattern of [3H]pregnenolone metabolism in 
Fig. 4. As was observed when the mutations were expressed 
in COS-7 and HEK-293 cells, the 170:-hydroxylase and 17,20- 
lyase activities of microsomes containing mutations W406R 
and R362C did not exceed background levels (Fig. 4A). These 
data confirm that mutations W406R and R362C are not active 
under these in vitro conditions. In contrast, microsomes con 
taining mutations Y329D and P428L metabolized some pro 
gesterone and pregnenolone by 170:-hydroxylation, and both 
mutant enzymes demonstrated little 17,20-1 yase activity even 
in the presence of cytochrome b5 (Fig. 4B). The 170:-hydroxy 
lation rates for Y329D and P428L were too low to determine 
meaningful kinetic constants, but we estimate that mutations 
Y329D and P428L retain less than 5% of the wild-type 
activity. 
Intact yeast that express wild-type human CYP17 afford 

CO-reduced difference spectra with a peak at 450 nm, de 
rived from the CO adduct with the heme thiolate in CYP17 
(34). This difference spectrum, characteristic of all cyto 
chromes P450, indicates the presence of properly folded, 
functional CYP17 protein, and we obtain 50-100 nmol of 
spectroscopically active wild-type human CYP17 per liter of 
culture using vector VlO in strain W303B (26). Likewise, 
addition of progesterone to a suspension of yeast expressing 
wild-type human CYP17 yields a type I substrate binding 
spectrum (30), and these difference spectra can be used to 
monitor the expression of functional protein in yeast. Be 
cause mutations Y329D and P428L retain some activity, some 
of the protein must fold and incorporate heme properly. If 
these molecules form a stable CO adduct typical of active 
cytochromes P450, we would observe a peak at 450 nm in the 
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CO-reduced difference spectrum. However, CO-reduced dif 
ference spectra using yeast expressing the four missense 
mutations did not demonstrate detectable P450 absorbances 
(Fig. 4C). Similarly, yeast expressing mutations Y329D and 
P428L did not form a type I difference spectrum in the pres 
ence of up to 40 µ.M progesterone (not shown). The lack of 
discernable spectral changes upon addition of CO or pro 
gesterone indicates that only a small fraction of the mutant 
CYP17 proteins is expressed in a functional form in yeast. 

Immunoblots using fresh yeast microsomes containing the 
four missense mutations all contained immunoreactive pro 
tein that comigrated with wild-type human CYP17 at ap 
proximately 57 kDa as well as degradation products (Fig. 
40). The amount of full-length protein remained relatively 
constant in microsomes containing wild-type CYP17 after 
multiple freeze-thaw cycles. In contrast, the quantity of full 
length CYP17 protein declined rapidly with freeze-thawing 
or warming in sodium dodecyl sulfate sample buffer for the 
four missense mutations, and products of lower mass in 
creased in parallel, presumably through proteolysis (not 
shown). We conclude from these data that all four missense 
mutations impair activity primarily by destabilizing the en 
zyme structures, thus impairing the capacity to incorporate 
and/or retain heme. For mutations Y329D and P428L, a 
sufficient portion of the protein molecules remain properly 
folded to exhibit catalytic activity at least transiently, but this 
activity is barely detectable using sensitive radiochemical 
assays at low substrate concentrations. Mutations Y329D and 
P428L are examples of partial, combined deficiencies in both 
170:-hydroxylase and 17,20-lyase activities. 

Correlation of genotype and phenotype: mutations W406R 
and R362C 

We compared the phenotypic characteristics in the 11 ho 
mozygotes for W406R and the 7 homozygotes for R362C 
whose CYP17 enzymes are completely inactive in heterolo 
gous assay systems. Although DOC concentrations pre- and 
post-ACTH-(1-24) administration were higher in W406R ho 
mozygotes than in subjects homozygous for R362C (P < 
0.01), blood pressure and circulating concentrations of po 
tassium or other hormones were similar in the two groups 
(Table 5). Aldosterone values were low in both groups, and 
in fact, plasma aldosterone values in untreated subjects were 
uniformly suppressed regardless of genotype (data not 
shown). Thus, despite equally inactive CYP17 enzymes, ho 
mozygotes for mutations W406R and R362C showed some 
trends to phenotypic differences, and clinical features varied 
even among subjects with these two common mutations 
(Tables 2 and 5). Although variations in blood pressure 
and potassium values may be influenced by dietary and 
environmental differences, the range of genital differentia 
tion among these male pseudoherrnaphrodites remains 
unexplained. 

The finding of the W406R or R362C allele in an affected or 
obligate heterozygous subject who recently emigrated from 
the Iberian peninsula would argue against these mutations 
arising de nova in Brazil. We studied the family of a com 
pound heterozygote for W406R and R362C (Fig. 5) whose 
deceased father was born in Spa.in (DNA not available). The 
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W406R R362C P428L Y329D WT C 

FIG. 4. Activities and spectral proper 
ties of mutant CYPl 7 enzymes in S. cer 
euisciae. A and B, Autoradiograms of 
thin layer chromatograms (overexposed 
as in Fig. 3) showing pregnenolone (A) 
or 17a-hydroxypregnenolone (B) me 
tabolism by yeast microsomes contain 
ing human CPR and wild-type (WT) 
or mutant CYP17 as indicated. Preg, 
Pregnenolone; DHEA, dehydroepian 
drosterone; 17Preg, 17a-hydroxypreg 
nenolone. B, Purified cytochrome b5 (5 
pmol) was added where indicated. C, 
CO-reduced difference spectra from 
yeast expressing wild-type CYPl 7 (top), 
P428L (middle), or Y329D mutation 
(bottom). The cursor is set at 450 nm, 
and the bar represents 0.05 absorbance 
units (AU). D, Immunoblot of yeast mi 
crosomes containing wild-type (WT) 
CYPl 7 and for the four missense mu 
tations (30 µ,g protein/lane). The arrow 
denotes bands corresponding to full 
length CYPl 7 proteins, which migrate 
near the chemically modified 62-kDa 
protein standard (26). 
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father migrated to Brazil and married a Brazilian of Portu 
guese ancestry, and the mother was heterozygous for allele 
R362C. Of their children, one with 170HD bore one copy of 
each mutation, one was a heterozygote for W406R, one is 
wild type at both alleles, and one died of an unknown cause. 
The genetics within this kindred suggest that the W406R 
mutation arose in Spain from an ancestor common to many 
Brazilians bearing mutation W406R. 

Discussion 
In this study we report the largest series of 170HD subjects 

studied in a single country by 1 group of investigators. In 
1994, Kater and Biglieri (16) first observed an unusual large 
number of Brazilian cases of 170HD, and 170HD remains 
the second most common cause of CAH in Brazil (22). The 
finding in the present study that 82% of the mutant alleles can 
be explained by 2 mutations suggests founder effects for the 
CYP17 mutations, an unusual result for an autosomal reces 
sive disease in a country with such an extensive racial ad 
mixture (24). Only 3 recurring CYP17 mutations have been 
described previously: a CATC duplication following Ile479 
found in Canadian Mennonites and Dutch Frieslanders (10), 
the deletion of Phe at codon 53 or 54 in Japan (11); and 
deletion of residues 487-489 in East Asia (35). The fact that 
founder effects can be manifested in a country with great 
ethnic heterogeneity also suggests a high coefficient of in 
breeding in local areas, even though known consanguinity 
occurred in only 6 of our 19 families (32%). Recurring mu- 

tations have also been identified in Brazilian series of 3 other 
autosomal recessive disorders, namely 17{3-hydroxysteroid 
dehydrogenase 3 deficiency (36), So-reductase deficiency 
(37), and 21-hydroxylase deficiency (38), and these observa 
tions are consistent with a high rate of inbreeding in some 
populations. 

Analysis of 6 intronic polymorphisms found within CY Pl 7 
itself (www.pga.swmed.edu) provided further evidence of 
founder effects. All homozygotes for mutations W406R and 
R362C were homozygous at all 6 positions, including the rare 
C and T variants at g.3274 (intron 2) and g.7028 (intron 7), 
respectively. Among 42 family members of subjects bearing 
mutation W406R, 4 relatives (heterozygotes or wild type at 
W406) were also heterozygous for C and A at the adjacent 
polymorphism in the 3' end of intron 6 (g.6787), but all 
W406R homozygotes had only the C variant. We discovered 
another polymorphism in intron 6 at g.4617, C or the T found 
in the GenBank sequence, adjacent to the R362C mutation in 
exon 6. All R362C homozygotes had 2 copies of the C variant, 
whereas 8 of 29 wild-type and heterozygous relatives studied 
possessed 1 copy each with C and T The patterns at these 
polymorphisms associated with both mutations R362 and 
W406R were identical, consistent with our suggestion that 
the 2 mutations arose in similar genetic backgrounds. Com 
pound heterozygotes for R362C and W406R were also ho 
mozygous at all polymorphisms. Finally, both copies of in 
tron 7 from the subject homozygous for P428L contained 2 
additional C's near the 3' end, and the heterozygous relatives 
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TABLE 5. Clinical and hormonal characteristics of the W406R and R362C homozygotes 

Parameter" W406R (n = 11) R362C (n = 7) Normal range" 

Systolic BP (mm Hg) 140 (113-175) 159 (130-200) 90-130 
Diastolic BP (mm Hg) 100 (75-125) 109 (90-130) 60-85 
Serum potassium (mEq/L) 3.1 (1.9-3.6) 3.5 (2.8-3.9) 3.8-5.0 
Plasma steroids (ng/dL) 
Testosterone 
46,XY 11.2 (2-20) 36 (13.7-48) <50 
46,XX 31 (12.5-65) 26 (13-35) <50 

Estradiol 
46,XY 1.8 (0.5-3.1) 0.9 (0.8-1.0) <3 
46,XX 1.0 (0.1-2.2) 1.0 (1.0) <3 

Deoxycorticosterone 
Pre 384 (216-504)· 240 (132-376) 4-12 
Post 516 (307-737}° 338 (249-400) 12-61 

Corticosterone" 
Pre 19.5 (12.1-32.9) 16.1 (8.9-24.0) 0.1-0.5 
Post 25.0 (14.3-43.6) 27.9 (18.6-44.4) 1.7-4.8 

180HDOC• 
Pre 337 (162-561) 361 (153- 704) 0-10 
Post 422 (198-588) 585 (300-1045) 56-158 

180HB' 
Pre 331 (181-635) 303 (169-436) 10-35 
Post 399 (190-616) 429 (196-855) 84-174 

0 Mean values (ranges) for blood pressures (BP) and serum potassium are averages of at least three measurements. Normal BP values in 
adolescents are less than 5 mm Hg lower. 

• Reference values from Nichols Institute and from Kater et al. (25a); reference values for testosterone and estradiol are given for prepubertal 
children. Conversion factors for Systemme International units are same as in Tables la and lb. 

c P < 0.01 W406R vs. R362C. 
d Corticosterone values in micrograms per deciliter. 
• 18-Hydroxydeoxycorticosterone. 
118-Hydroxycorticosterone. 

Kindred 19 

FIG. 5. Genetics of kindred 19. The father was born in Spain (aster 
isk) and carried mutation W406R(shaded). The mother, of Portuguese 
descent, was heterozygous for mutation R362C (stippled). One off 
spring was a compound heterozygote for both mutations and had 
complete, combined 170HD. 

exhibited 1 copy of each variant. Based on the uniform pat 
terns of polymorphisms, we scored 1 allele for each homozy 
gote in Table 4 (28 total), although the true number may be 
as high as 32. 

Mutations W406R and R362C 
Previously, only 2 Brazilian patients with 170HD had 

been characterized by molecular genetics, and both were 

cases of isolated 17,20-lyase deficiency (18). In this study, 7 
CYP17 mutations not previously described were identified in 
19 families; 2 of these (W406R and R362C) are responsible for 
82% of the affected alleles. Patients affected by W406R and 
R362C mutations are distributed in south/southeast and 
northeast Brazil, respectively, consistent with separate 
founder effects in these 2 regions. The majority of subjects 
with W406R and R362C mutations are of Spanish or Portu 
guese descent, respectively. In contrast, among the nearly 40 
currently reported mutations in the CYP17 gene (4-9), none 
is of Spanish or Portuguese origin. This discrepancy with our 
data may be due to the higher prevalence and greater aware 
ness of other conditions with similar clinical features as 
170HD (16), leading to underdiagnosis of 170HD world 
wide. Mutation W406R is now the most common genetic 
defect known to cause 170HD. Given the high prevalence of 
mutations W406R and R362C, neither of which alters a re 
striction site, we now screen new Brazilian patients with 
170HD with a single 1.5-kb PCR reaction spanning exons 6 
and 7 using primers I5Sl and I7 ASl, sequencing one or both 
exons depending on the family's ethnic background. 
The only phenotypic feature that was significantly differ 

ent between homozygotes for mutations W406R and R362C 
was the higher DOC concentration found in subjects with 
mutation W406R, yet mean blood pressure and serum po 
tassium concentrations did not differ in the two groups. 
When these two mutations were expressed in COS-7 or HEK- 
293 cells and in yeast, we consistently found no residual 
enzymatic activity for either mutation. It is therefore unlikely 
that any clinical divergence found in these two groups can 
be explained by differences in the enzymatic properties of the 
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CYP17 mutations alone. Regional or ethnic preferences in 
dietary sodium content as well as other genetic differences 
related to ethnic origin may influence the typical features of 
subjects with these common mutations. 

Although most subjects homozygous for mutations 
W406R and R362C presented with hypertension, hypokale 
mia, and sexual infantilism (13), phenotypic variations were 
occasionally observed within each group. Among 3 46,XY 
homozygotes for mutation R362C, 1 presented at birth with 
ambiguous genitalia, a second had female external genitalia 
but normokalemia at diagnosis, and the third demonstrated 
the classical, complete 170HD syndrome. Analogously, the 
appearance of the external genitalia can vary among genet 
ically male siblings with the same mutation in the androgen 
receptor gene (39). None of the 4 46,XX patients manifested 
any degree of spontaneous sexual development, and all were 
hypertensive. All 11 homozygotes for mutation W406R re 
mained sexually infantile, yet 1 subject was consistently nor 
motensive for up to 2 yr of continuous follow-up before the 
diagnosis of 170HD despite concurrent, marked hypokale 
mia. Testosterone concentrations varied within the prepu 
bertal range where this RIA lacks accuracy, limiting the sig 
nificance of these data. We conclude that environmental and 
other genetic factors may modulate the phenotypic features 
of patients with severe 170HD. These genetic modifier loci 
might influence steroid production and action by altering the 
activity of transcription factors (40, 41), the CYP17 cofactor 
proteins CPR and cytochrome b5 (29), or downstream me 
diators of mineralocorticoid, androgen, and estrogen action. 

Other mutations and partial 170HD 
The homozygote for a TAG nonsense mutation at tyrosine 

329 in exon 6 had refractory hypertension in childhood. A 
TAA stop codon at the same position has been previously 
reported in a compound heterozygote from Japan, and this 
patient also had severe clinical manifestations (42). Curi 
ously, our subject who is a compound heterozygote for mu 
tations W406R and Ml T, like a previously reported case 
bearing mutation Mll (43), presented with hypokalemic my 
opathy and serum potassium values as low as 1.0 mEq/liter. 
The researchers suggested that CYP17 protein translation 
from mutation Mll might begin at methionine 49, which 
would yield an inactive protein (43), but it is not known 
whether a truncated protein is produced from mutation Mll 
or Ml T, or if this process can contribute to potassium 
wasting. 

Partial 170HD has been reported in women with normal 
or abnormal menstrual cycles and breast development as 
well as in males with incomplete virilization (14, 44, 45). In 
addition, approximately 10-15% of subjects with the diag 
nosis of 170HD are normotensive and/or normokalemic at 
diagnosis (16), although few of these individuals have been 
genotyped (4). Our 46,XX compound heterozygote for Y329D 
and the AG to CG substitution in intron 2 had spontaneous 
Tanner stage 5 breast development at puberty. The AG to CG 
mutation should alter RNA splicing and introduce a frame 
shift that yields a truncated, inactive enzyme (See companion 
paper, Ref. 45a), yet some correctly spliced transcripts may 
be produced from this allele as well. In addition, mutation 
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Y329D retains approximately 5% of the catalytic activity 
when expressed in heterologous systems, but the protein is 
unstable and readily degraded. Although in vitro experi 
ments do not necessarily reflect true in vivo conditions, as 
little as 5-8% of 17,20-lyase activity may be sufficient to 
promote secondary sexual development (2, 11), particularly 
in genetic females due to the potency of estradiol (46). 

In contrast, the phenotype of our 46,XY homozygote for 
mutation P428L was complete, combined 170HD, despite 
some residual activity of the mutant enzyme in heterologous 
expression experiments. The carboxyl terminus of CYP17 is 
important for both heme and substrate binding (47), and 
even small C-terminal alterations can destroy most (48) or all 
(10, 12, 49) enzyme activity. Mutations closer to the heme at 
C442 tend to destroy all activity (6, 26), although mutation 
R415C retains some activity (8). Both our homozygote for 
P428L and our heterozygote for Y329D developed hyper 
tension and hypokalemia, indicating that the low residual 
activities of P428L and Y329D are insufficient to prevent 
mineralocorticoid excess. Consequently, the threshold 
CYP17 activity level to yield atypical phenotypic features in 
170HD appears to be lowest for pubertal breast develop 
ment in 46,XX patients, which reflects sufficient C19 steroid 
production, driven by high precursor concentrations, via a 
defective CYP17 enzyme. In contrast, 17-deoxysteroid me 
tabolism to cortisol is impaired by the low adrenal 17a 
hydroxylase activity, such that 17-deoxysteroids with min 
eralocorticoid activity accumulate universally in 170HD. 
Nonetheless, differences in target tissue sensitivity to these 
mineralocorticoids may account for the variability in hyper 
tension and hypokalemia seen among individuals with sim 
ilar genotypes, but the rare examples of partial virilization in 
subjects with mutant proteins that have no activity in het 
erologous systems remain enigmatic. 

Structural basis of protein instability and 
phenotype variability 

To understand how the four missense mutations (W406R, 
R362D, P428L, and Y329D) cause partial or complete loss of 
enzymatic activity, we located the mutated residues in a 
computer model of human CYP17 (47). Residue Y329 lies in 
the middle of the J helix and appears to form a hydrophobic 
packing interaction with L460 on the C-terminal end of the 
adjacent L helix (Fig. 6, A and B). The substitution of a 
charged aspartate at position 329 weakens this hydrophobic 
interaction and destabilizes the enzyme structure, but does 
not directly perturb the active site. Residues R362, W406, and 
P428 all lay within a contiguous three-dimensional space in 
a region of the protein that is critical for heme binding and 
proper folding. Residue R362 comprises part of the ExxR 
motif at the C terminus of the K helix, a motif present in all 
known cytochromes P450 (50). The serpiginous chain of res 
idues that follows and leads to the heme-liganding cysteine 
(C442) tends to unwind the K helix, but hydrogen bonding 
between the adjacent E and R residues in this motif stabilizes 
this structure and helps to form the redox partner binding 
site (47, 51) (Fig. 6C). W406 abuts R362 from its position at 
the start of the meander region (Fig. 6D), another conserved 
motif that precedes the heme-binding decapeptide. Two 
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FIG. 6. Computer model of human CYPl 7, highlighting locations ofmissense mutations Y329D, R362C, W406R, and P428L. A, Ribbon diagram 
of protein backbone, with heme (red) and all atoms of mutated residues (blue) displayed and labeled. Also shown in yellow are residues E359 
and L460, which interact with R362 and Y329, respectively. B, Hydrophobic interaction ofY329 (blue, aromatic ring viewed edge-on) in J helix 
with L460 (yellow) in L helix. Arrows indicate directions ofl, J, and L helices. C, Proximity of mutated residues R362, W406, and P428 (blue). 
Residue E359, the hydrogen-bonding partner ofR362, is shown in yellow, and the directions of the I and Khelices are indicated. The front clipping 
plane has been recessed for clarity. D, Redox partner binding surface of human CYPl 7 viewed face-on with only backbone atoms of residues 
347-447 displayed, plus all atoms of heme (red), E359 (yellow), and mutated residues R362, W406, and P428 (blue). The hydrogen bonding of 
E359 and R362 maintains the integrity of the K helix, and W 406 and P428 lay adjacent to R362 in the serpiginous chain ofresidues connecting 
the K helix with the heme-binding decapeptide. Images were generated with MidasPlus software on a Silicon Graphics (Mountain View, CA) 
Octane workstation using CYPl 7 structure 2cl 7 (www.rcsb.org). 

CYP17 mutations that change residues in or near the mean 
der domain are F417C (52) and P409R (6), and both of these 
mutations completely destroy enzyme activity (26). The 
W406R mutation juxtaposes two positively charged arginine 
residues, which would weaken hydrogen bonding within the 
ExxR motif. Thus, it is remarkable that the two common 
Brazilian mutations derived from different ethnic back 
grounds alter two residues that lie adjacent in the protein 
structure, and these two mutations appear to destabilize the 
enzyme by a common mechanism. Mutation P428L probably 
impairs heme incorporation directly, rather than by disrupt 
ing hydrogen bonding in the ExxR motif. 

Our genetic and biochemical studies suggest that the mis 
sense mutations described in this study, and perhaps most 
mutations that cause severe 170HD, primarily impair en 
zyme activity by destabilizing enzyme structure. This 
hypothesis is supported by the lack of spectroscopically 
demonstrable P450 (CO-reduced or substrate-induced dif 
ference spectra) in CYP17 mutations studied in this and 
previous (26, 53) reports. We postulate that intracellular fac 
tors may variably enhance the stability of mutant CYP17 
proteins within the adrenals and/or gonads of 170HD in 
dividuals, which may allow for transient maintenance of 
some enzyme activity in rare cases when enzyme expression 
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is maximally induced despite the lack of demonstrable ac 
tivity in heterologous expression systems. This paradigm 
may also explain how high doses of gonadotropins enabled 
oocyte development leading to in vitro fertilization in one 
female with complete 170HD (54). Therefore, the activities 
of CYP17 mutations in heterologous expression systems aid 
in defining the molecular basis of 170HD, but additional 
undefined factors may still modify the clinical features in 
individual subjects. 
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Urological Oncology 
The use of Cl 7,20-lyase inhibitors 
in prostate cancer is described by 
authors from Los Angeles. These 

agents suppress the generation of 
testosterone and potentially active 

androgenic precursors, perhaps 
reversing castration resistance. 

Abiraterone is an orally 
bioavailable lyase inhibitor 

structurally related to 
pregnenolone, and is currently 

under clinical assessment. 

Another paper is presented by the 
same group of authors in Los 

Angeles addressing some of the 
controversies about the continual 

need for the traditional radical 
open surgical management of RCC, 

and evaluates the oncological 
principles which ensure the 

persistent need for this approach. 

Selective blockade of androgenic 
steroid synthesis by novel lyase 
inhibitors as a therapeutic strategy for 
treating metastatic prostate cancer 
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THE NEED FOR NOVEL AGENTS TO TREAT 
PROSTATE CANCER 

Prostate cancer is the most common 
malignancy in Western societies and the 
second most common cause of male cancer 
related death in the UK and USA, accounting 
for~ 120/o of all male cancer-related deaths 
[1,2]. When confined to the prostate gland, 
the disease is curable with local therapy 
(radical prostatectomy, external beam 
radiotherapy, brachytherapy or cryotherapy). 
However, despite the use of PSA for screening, 
in 15-330/o of men local therapy fails and they 
develop incurable metastatic disease [3,4]. 
Activation of the androgen receptor (AR) by 
androgenic steroids including testosterone 
and its more potent Sa-reduced metabolite, 
Sa-dihydrotestosterone (DHT), regulates the 
transcription of a diverse range of target 
genes involved in prostate cell proliferation, 
differentiation, and apoptosis [5]. Androgen 
deprivation by medical or surgical castration 
remains the mainstay of treatment and 
>900/o of men with metastatic prostate 

© 2005 BJU INTERNATIONAL I 96, 1241-1246 I doi:10.1111/j.1464-410X..2005.05821.x 

cancer initially respond rapidly and 
often dramatically to castration, with 
improvements in bone pain, regression of soft 
tissue metastasis, and steep declines in PSA 
level. However, the duration of response is 
frequently short (12-33 months) and in 
almost all patients is followed by the 
emergence of castration-resistant prostate 
cancer (CRPC) that, untreated, is invariably 
fatal within 9-12 months [3]. Systemic 
chemotherapy with docetaxel for patients 
with CRPC confers a modest survival 
advantage (2-3 months) and is effective 
for palliating symptoms [6], but the 
duration and rate of response is limited. 
Other chemotherapy, e.g. mitoxantrone, has 
not been shown to improve survival but might 
help with symptom control [6]. There is an 
urgent need for new agents that provide 
palliation and improve survival. 

Continued androgen-dependent activation of 
a 'hypersensitive' AR in castrated patients 
secondary to AR gene amplification [7], 
mutations in the AR gene [SJ, increased AR 
expression [BJ, or alterations in AR co 
repressor/co-activator function [9] appear to 
be important mechanisms of castration 
resistance. These could be reversed by 
suppressing circulating androgens, inhibiting 
the binding of biologically active androgenic 
steroids to the ARs or disrupting AR 
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generation with drugs such as HSP90 
inhibitors. This review discusses the rationale 
behind using selective lyase inhibitors (e.g. 
abiraterone acetate, also known as CB7630), 
to suppress circulating androgens. 

TARGETING THE AR 

The benefit of androgen deprivation therapy 
(ADT) was first reported by Huggins and 
Hodges in 1941 [10 ] when surgical castration 
was found to give symptomatic benefit and in 
some cases, complete responses in metastatic 
prostate cancer. The role of ADT by castration 
has since expanded to the neoadjuvant and, 
more commonly, the adjuvant settings, and to 
patients with a high PSA level but no clinical 
or radiological evidence of metastatic disease 
[3]. Medical castration with LHRH agonists 
(e.g. goserelin and leuprorelin) is often a more 
popular alternative to orchidectomy. These act 
by continuous stimulation of the anterior 
pituitary gland, resulting in inhibition of LH 
secretion and suppression of testicular 
androgen synthesis. Antiandrogens (either 
steroidal, e.g. cyproterone acetate, or 
nonsteroidal, e.g. bicalutamide or flutamide) 
prevent androgen binding to the AR. These 
can be used in combination with LHRH 
analogues to inhibit binding of residual 
androgens to the AR to attempt 'maximum 
androgen blockade' [3]. However, this 
combined strategy has not significantly 
pro longed the survival of patients with 
advanced prostate cancer [3]. In addition, up 
to 300/o of patients show a decrease in PSA 
level after stopping AR antagonists [11]. This 
can partly be explained by the development 
of AR gene mutations or increased AR 
expression that might cause AR antagonists 
to behave as weak agonists [7,8]. For many 
years, oestrogens, including diethylstilbestrol, 
were the primary medical treatment for 
metastatic prostate cancer, until they were 
superseded by LHRH agonists [3]. Now they 
have a role in treating castrated patients in 
whom castration and antiandrogen therapy 
have failed, but although PSA response rates 
in a series of phase II trials were 21-800/o , the 
median response duration is <6 months 
and the concomitant use of prophylactic 
warfarin has not eliminated the risk of 
thromboembolic events [12]. 

The presence of AR protein expression and 
significant AR mRNA levels in tumour samples 
from patients with CRPC strongly suggest 
that prostate tumours evolve mechanisms to 

reactivate AR signalling and AR-responsive 
pathways after ADT [7, 13]. This is supported 
by preclinical models, which have suggested 
that, as prostate cancer cells become 
castration resistant (otherwise, but less 
appropriately known as hormone- or 
androgen-resistant), they acquire the ability 
to grow in the presence of low levels of 
androgens (equivalent to castrate), by 
the up-regulation of AR expression [8]. It 
was also reported that, despite castration, 
intraprostatic levels of testosterone and DHT 
in CRPC might remain suff icient to maintain 
tumour growth [14]. The source of these 
androgens is unclear, but altered regulation of 
enzymes involved in the synthesis and 
inactivation of androgens might be one cause 
of their accumulation. In support of this, 
increased expression of enzymes involved in 
androgen synthesis were reported in prostate 
cancer cells acquired from biopsies of CRPC 
[13, 15]. These data suggest the possibility of 
endogenous production of steroids by CRPC. 
Overall, these reports indicate that the 
currently used ADTs fail to reverse AR 
signalling in CRPC and support the use of 
novel drugs that target the AR directly or 
indirectly by suppressing the generation of 
ligands. 

Plasma testosterone is not completely 
suppressed by castration, in part because of 
peripheral conversion of adrenal androgenic 
steroids to testosterone by 17-ketoreductase 
[3]. Adrenal androgen synthesis can be 
inhibited by targeting the hypothalamo 
pituitary-adrenal axis or by inhibiting key 
enzymes involved in adrenal steroid 
biosynthesis. Suppression of the 
hypothalamo-pituitary-adrenal axis and 
consequently the generation of adrenal 
androgens by low-dose steroids has not been 
unequivocally shown to occur in patients with 
CRPC, but it could be one explanation for their 
anti-neoplastic activity [16, 17]. However, 
ketoconazole, an imidazole antifungal agent 
that weakly and non-selectively inhibits 
several cytochrome P450 enzymes involved in 
adrenal stero id synthesis, induces a transient 
PSA response in 20-300/o of patients with 
CRPC [11]. Interestingly, patients who respond 
to ketoconazole and subsequently progress 
show a significant decrease, associated with 
an increase with disease progression of 
adrenal androgens (dehydroepiandrosterone 
(DHEA) and androstenedione) suggesting that 
ketoconazole resistance is caused by adrenal 
androgens [11]. These clinical results lend 
credence to the inhibition of the adrenal 

steroid synthesis pathway as a therapeutic 
strategy. 

THE ROLE OF CYTOCHROME P450c17 IN 
ANDROGEN BIOSYNTHESIS 

The two sites thought to produce most of the 
androgenic steroids in humans are the testis 
and the adrenal cortex. The principal 
enzymatic reaction in stero id biosynthesis 
involves cleavage of a six-carbon group from 
cholesterol by CYP450ssc (desmolase) [ 18]. A 
series of subsequent reactions catalysed by 
members of the cytochrome P450 family then 
produce the glucocorticoid and 
mineralocorticoid 21-carbon stero id 
hormones vital to human survival (Fig. 1 ). 
CYP450c17 is a single microsomal enzyme, 
encoded for by the single human CYP17 gene, 
that catalyses the two independently 
regulated steroids 170.-hydroxylase and 
C,,_20-lyase activities needed to produce 
the 19-carbon precursors of the sex 
steroids in both the adrenal cortex and the 
testis [18]. The 170.-hydroxylase activity 
typically converts pregnenolone to 170. 
hydroxypregnenolone and progesterone 
to 170.-hydroxyprogesterone, and the 
C,,_20-lyase activity converts 170. 
hydroxypregnenolone to DHEA and 170. 
hydroxyprogesterone to androstenedione 
(Fig. 1). The C17_20-lyase activity is roughly 
50 times more efficient for converting 
170.-hydroxypregnenolone to DHEA than 
for converting 170.-hydroxyprogesterone to 
androstenedione [18, 19]. The products of 
steroid biosynthesis, androstenedione and 
DHEA, are weak as androgens but in the testis 
can be converted to testosterone by the 
enzyme 170.-hydroxysteroid dehydrogenase 
[20]. Castration blocks testosterone from this 
source but does not prevent the synthesis of 
adrenal androgens. These androgens might be 
a clinically important source of androgenic 
steroids for activating the AR on prostate 
cancer cells. Steroidogenesis in the human 
adrenal is divided into three morphologically 
and functionally distinct zones. The zona 
glomerulosa, located just below the adrenal 
capsule, does not express CYP450c17 and 
produces the 17-hydroxy 21-carbon steroid 
aldosterone, the principal mineralocorticoid, 
under the regulation of angiotensin II [21]. 
The middle layer, the zona fasciculata, 
expresses CYP450c17 and has abundant 170. 
hydroxylase but very little C,,_20-lyase activity, 
and produces the 17-hydroxy 21-carbon 
steroid cortisol, the principal glucocorticoid, 
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SYNTHESIS"f{qf.TREATING PROSTATE CANCER 

FIG. 1. The impact of abiraterone on the adrenal steroid synthesis pathway. Abiraterone inhibits CYP450c17 1 la-hydroxylase and C11,20-lyase activity (crossed out in 
red} and suppresses ondtostenedione, DHEA and their androgenic precursors (blue arrows]. Suppression of cortisol and its precursors causing a compensatory rise in 
ACTH and excess synthesis of aldosterone and its precursors is predicted (blue arrows]. 

Cholesterol Adrenal Cortex 

-I desmolase I 

"11 PregnenoloneJ ~ --·-·-~Progesterone J ·~~ 

l I 3-BHSD-I ) l i i i ~ I 21-hydroxylase 11 11p-hydroxylase I J 18-hydroxylase 

- l-12~_1- l ~l 
..J.l 170H-pregnenolone 1-..JJ 170H-progesterone 1-..J.l 11-DOC 1-..J.l Cortisol 

180H- 
Corticosterone :f1 Aldosterone 

i 
18-oxidase I 

I 3-BHSD-I I : 
I 

1~1-1 
I 

" 
Peripheral Tissues 

-----+..J.l Androstenedione 

3-BHSD-I I 
1-1- --··-··-·• ..J.l Testosterone 

i 
1------..,~ 

i 
17-keto-reductase so-reouctase 

under the regulation of adrenocorticotropic 
hormone (ACTH) corticotrophin [21]. The inner 
zona reticularis, which does not become 
morphologically identifiable until the onset of 
adrenarche, expresses CYP450cl 7 and has 
both 17a-hydroxylase and C,,_20-lyase 
activities, and thus produces 17-hydroxy 
19-carbon precursors of sex steroids [18,21]. 
The C,,_20-lyase activity of human CYP45Dcl 7 
is enhanced by serine phosphorylation 
of CYP450cl 7 and by the presence of 
cytochrome b5. The expression of cytochrome 
b5 increases in the adrenal zona reticularis at 
the onset of adrenarche [18]. 

Congenital deficiencies in CYP450cl 7 are a 
rare form of congenital adrenal hyperplasia in 
which not only adrenal but also gonadal 
steroidogenesis is impaired [19]. This results in 
abrogation of gonadal sex steroid production 
and adrenal biosynthesis of cortisol and 
androgens. However, corticosterone synthesis 
is not impaired, and as corticosterone has 
glucocorticoid properties, patients rarely 
manifest symptoms of adrenal insufficiency. 
In fact, rodents lack CYP450cl 7 and 
use corticosterone as their principal 
glucocorticoid [19]. However, because 
corticosterone is a weaker glucocorticoid than 

cortisol, abnormally high corticosterone 
production is necessary before feedback 
inhibition of pituitary ACTH secretion occurs, 
establishing a new steady state. To produce 
enough corticosterone to compensate for 
the absence of cortisol, more intermediate 
steroids might be generated. These include 
progesterone, 11-deoxycorticosterone (DOC), 
18-hydroxycorticosterone and 19-nor-DOC. 
This ACTH-driven overproduction of 
mineralocorticoids often leads to 
hypertension, a characteristic presenting 
feature of this disease, usually in early 
adulthood [19]. At diagnosis, sexual 
infantilism in 46 XX females and ambiguous 
genitalia in 46 XY males is usually manifest 
and laboratory investigations will often find 
hypokalaemia [19]. An extremely rare disorder 
is isolated C17,20-lyase deficiency caused 
by mutations that destroy most C,,_20- 
lyase activity but preserve most 17a 
hydroxylase activity. Patients do not have 
mineralocorticoid excess but show the 
consequences of absent sex steroids [19], 
so CYP450cl 7 is a logical target for the 
development of new drugs to treat CRPC. 
The most potent and selective inhibitor of 
CYP450cl 7 currently in clinical studies is 
abi raterone acetate. 

PRECLINICAL DEVELOPMENT OF 
ABIRATERONE ACETATE 

The serendipitous discovery that some esters 
of 4-pyridylacetic acid are effective inhibitors 
of the hydroxylase-lyase enzyme in rat testis 
[22] led to the study of a variety of esters of 3- 
and 4-pyridylacetic acid and their a-alkylated 
derivatives on human testicular 17a 
hydroxylase/C17_20-lyase [23,24]. The most 
potent inhibitors of human testicular 17a 
hydroxylase/C17,20-lyase had, as a common 
structural feature, the 17-(-3-pyridyl) 
substituent that contains nitrogen capable of 
forming a co-ordinate bond with the haem 
iron of the enzyme (Fig. 2) [23,24]. The 3- 
pyridyl substituent results in a several orders 
more potent inhibition of CYP45Dcl 7 than 
the 2-pyridyl and 4-pyridyl substituents [23]. 
The double bond in the 16, 17-position of 
the steroidal skeleton is essential for the 
irreversible mhibition of CYP45Dc17 [25]. Two 
compounds, CB7598 (abiraterone), which is 
closely related structurally to the natural 
substrate pregnenolone, and CB7627, were 
identified as the most potent, and were 
selected for further development at the 
Institute of Cancer Research in London. With 
a Ki,pp of <1 nM, both compounds were 
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TABLE 1 Summary of phase I evaluation of abiraterone acetate 

Phase I study patient population 
Variable Single dose in castrate men Single dose in intact men Continuous dosing (12 days) in intact men 
Number of patients 
Dose levels, mg 
Testosterone level at 

inclusion, nmol/L 
Effect on testosterone m 
Effect on androstenedlone 
Effect on LH 

16 4 
10, 30, 100, 200, 500 200, 500 
<2 

Target suppression at 
500 mg 

Same as for T 
Suppressed at inclusion 

>9 

Suppression with nadir on second 
day, recovery 6-9 days. 

Same as for T 
Maximal rise on third day, recovery 

by 10th day 

6 
500, BOO 
>9 

Suppression with nadir on first to third day and 
sustained for up to 9 days 

Same as for T 
Maximal rise on third day 

several times more potent inhibitors of rat FIG. 2. The structure of abiraterone and abiraterone acetate (centre). The effect variations in the orientation 
hydroxylase/lyase activity than ketoconazole of the pyridyl substituent have on the potency of 7 la-hydroxylase/C,,_20-lyase inhibition. 
[23,24]. Unlike CB7627, abiraterone was a 
highly selective inhibitor of CYP450c17 and so 
was chosen as the main candidate for further 
development [24]. However, due to poor 
bioavailability and a susceptibility to 
hydrolysis by esterases, a prodrug for 
abiraterone was sought [26,27]. The amide 
was a several orders less potent inhibitor of 
hydroxylase/lyase [24] but the 3~-0-acetate 
form (abiraterone acetate, CB7630) (Fig. 2) 
was resistant to esterases and in vivo was 
rapidly deacetylated to abiraterone resulting 
in potent inhibition of CYP450c17 [26,27]. 

When adult mice given abiraterone acetate or 
ketoconazole i.p. daily for 14 days were 
compared to a control group dosed with 
vehicle alone, abiraterone significantly 
reduced plasma testosterone concentrations 
for at least 24 h despite a four-fold increase 
in LH concentrations [27]. This was associated 
with reduced weights of the ventral prostate 
(480/o) and seminal vesicles (870/o), compared 
to the controls. The kidneys and testis were 
also reduced in weight by 370/o and 620/o, 
respectively [27]. There was no weight loss in 
the androgen-dependent organs of the group 
given ketoconazole [27]. There was a marked 
increase in the weight of the adrenal glands in 
the group administered ketoconazole, but no 
change in the control group or in the animals 
dosed with abiraterone, indicating no 
inhibition of corticosterone production by 
abiraterone. Animal toxicology studies found 
no effects on haematological, biochemical or 
renal function variables and only mild 
toxicities. Abi raterone acetate was therefore 
considered safe enough to be studied in 
humans [27]. 

2-pyridyl 3-pyridyl 4-pyridyl 

IC50 (nm) IC50 (nm) 
IC50 [nm) 

lyase 76 lyase 2.9 lyase 1000 
hydroxylase 270 hydroxylase 4 hydroxylase 4000 

R = H: Abiraterone (CB7598); 17-(3-pyridyl)androsta-5,16-dien-3/3-ol 

R = Ac: Abiraterone acetate (CB7630) 

CLINICAL EVALUATION OF 
ABIRATERONE ACETATE 

A series of three phase I studies were 
performed in men with histologically 
confirmed prostate cancer who had shown a 
biochemical (PSA) relapse after two lines of 
hormone treatment but for whom, at the time 
of participation, no alternative treatment for 
symptomatic or progressive disease was 
considered necessary (Table 1 ). The first in 
human study investigated the effect of a 
single dose of abiraterone acetate in castrate 
patients [testosterone confirmed <2 nmol/L, 
58 ng/ml) with prostate cancer in whom 
treatment with antiandrogens had failed. 

Nine patients were treated in groups of three 
at doses of 10, 30 and 100 mg. At these doses, 
the plasma level of abiraterone was below the 
level of detection and there was no consistent 
effect on testosterone [28]. One patient was 
then given 200 mg and six of them 500 mg. 
There were detectable plasma levels of 
abiraterone at doses of >200 mg [28]. 
Abiraterone at 500 mg suppressed 
testosterone concentrations, to <0.14 nmol/L 
[4 ng/ml), or by 750/o when baseline 
testosterone levels were >0.6 nmol/L [20 ng/ 
ml). and androstenedione concentrations. 
Suppression was sustained from the second 
to the fifth day after abi raterone acetate. 
There was no corresponding suppression of 
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17a-hydroxyprogesterone. This first study 
was followed by a second investigating the 
effect of a single dose of abiraterone acetate 
in intact men with prostate cancer who had 
previously been treated with an antiandrogen 
and an LHRH agonist. One patient was given 
200 mg, but the testosterone level was not 
suppressed. Three patients were then given 
500 mg, and ·1n all three there was a reduction 
in testosterone level of more than half from 
baseline. The testosterone nadir was on the 
second day after therapy, with recovery to 
pretreatment levels 6-9 days later. There was 
a corresponding compensatory surge in LH 
levels, maximal on the third day, with recovery 
to pretreatment levels by the 10th day. There 
was no change in cortisol levels in either 
study [28]. The third and last in this series of 
phase I evaluations investigated 12-day 
continuous dosing in intact men with 
prostate cancer who had previously received 
antiandrogens and LHRH agonists. The 
duration of drug treatment was limited by a 
lack of availability of the drug. Three patients 
were given 500 mg daily and another three 
were given 800 mg daily. The testosterone 
level was suppressed after the first day of 
dosing and was sustained for 3 days, and 
then reversed by a rise in LH. The patients 
given 800 mg appeared to show greater 
suppression of testosterone but as in the 
500 mg cohort, the effect of abiraterone was 
insufficient to offset the rise in LH. All six 
patients had a reduced cortisol response to 
ACTH stimulation on the 11th day after 
dosing, suggesting reduced adrenocortical 
reserve. There was a mild reduction in evening 
cortisol levels also in the three patients 
given 800 mg but there were no clinical 
manifestations of adrenocortical insufficiency 
[28]. Pharmacokinetic studies suggested good 
oral bioavailability at doses of >200 mg. 
The mean (SD) Tm., for abiraterone was 2.70 
(2.71) h with an elimination half-life of 27.6 
(20.17) h, supporting once-daily oral dosing. 
There was an inter-patient 10-fold variation 
in the area under the curve for a given 
dose, making analysis of dose-dependent 
pharmacokinetic relationships difficult. 
Several factors could have caused this wide 
level of variation. As with all oral drugs, 
absorption might have been altered by 
residual food in the stomach despite a 2-h 
fast, by intrinsic inter-individual differences in 
upper gastrointestinal pH, by concomitant 
medication(s) effecting gastric pH, or by 
variable first-pass hepatic metabolism. 
Abiraterone acetate was well tolerated, and 
no serious adverse events or haematological 

or biochemical changes were reported. Mild 
mood variations, flushing attacks, testicular 
discomfort, and headaches were described in 
individual patients [28]. 

FUTURE DEVELOPMENT OF NOVEL 
LYASE INHIBITORS 

Several other derivatives of naturally 
occurring steroidal substrates, including 
pregnane and androstane, are potent 
inhibitors of l 7a-hydroxylase/C17,20-lyase 
[29,30]. Sa40 (17-(5-pyrimidyl)androsta-5, 16- 
diene-3~-ol) and its 3-acetyl derivative, Sa41, 
are three times more potent for in vitro 
inhibition of human CYP450cl 7 than 
abiraterone and abiraterone acetate, 
respectively, but have a poorer 
pharmacokinetic profile in in vivo rodent 
experiments [29]. Clinical assessment in 
patients is required. L-2 (20-hydroximinio- 
4, 16-pregnadien-3-one). L-36 (17-(3' - 
pyrazolyl)androsta-4, 16-dien-3-one) and L- 
39 (17-(5' -isoxazolyl)androsta-4, 16-dien-3- 
one) are steroidal compounds that in addition 
to inhibiting 17a-hydroxylase/C17•20-lyase, 
also inhibit 5a-reductase with a potency 
similar to finasteride [30]. They also interact 
with wild-type AR and the mutated AR on 
cells from the LNCaP cell line [30]. L-36 shows 
an agonistic interaction whereas L-39 is 
antagonistic and inhibits in vitro LNCaP cell 
growth [30]. L-39 has therefore been 
proposed as a candidate for further 
development. However, the benefit of 5a 
reductase inhibitors for treating metastatic 
prostate cancer is unclear [3]. Although 
conversion of testosterone to its more active 
metabolite, DHT, is inhibited, testosterone 
consequently accumulates and can activate 
the AR. Also, interaction with the AR might 
not be desirable as changes in the AR can lead 
to antagonists behaving agonistically [7,8]. 
Other nonsteroidal compounds, including TX- 
977 and its two diastereoisomers, reported 
to be more potent in vivo inhibitors of 
testosterone synthesis, have been associated 
with an increase in weight of the adrenal 
glands in rodent models, suggesting lower 
specificity of lyase inhibition vs glucocorticoid 
synthesis [31 ]. Abiraterone acetate's 
selectivity for CYP450cl7 and its failure to 
interact with the AR might be preferable for 
treating patients with CRPC. However, at 
present, while the available data are 
encouraging with respect to side-effects 
and endocrine effectiveness with short-term 
dosing, there is no evidence of clinical 
efficacy. A safety and efficacy evaluation of 

abiraterone acetate administered daily and 
continuously to castrate men with advanced 
prostate cancer progressing despite hormone 
treatment is planned. Concomitant castration 
is expected to prevent a compensatory LH rise, 
and sustained, profound suppression of 
serum testosterone and androgenic precursor 
levels is predicted. Patients will be closely 
monitored for the development of 
glucocorticoid insufficiency or hypertension. 
Synthesis of corticosterone, a precursor of 
aldosterone and the primary glucocorticoid in 
rodents, will not be inhibited by abiraterone 
and its continued synthesis might prevent 
clinical manifestations of glucocorticoid 
insufficiency. In fact, hypertension due to 
increased ACTH and not glucocorticoid 
insufficiency is described in congenital 
CYP45017c deficiency [19]. The results of 
these studies are keenly awaited. 
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THE GENETICS, 
PATHOPHYSIOLOGY, AND 

MANAGEMENT OF HUMAN 
DEFICIENCIES OF P450c17 

Richard J, Auchus, MD, PhD 

P450c17 commands a central role in human steroidogenesis as the 
qualitative regulator of steroid hormone flux (Fig. 1). Analysis of P450c17 
deficiencies in humans illustrates many aspects of the physiology of 
steroid biosynthesis and demonstrates poignant features of the genetics 
and biochemistry of P450c17. 17-Hydroxylase deficiency was first de 
scribed in patients with sexual infantilism and hypertension." It is now 
recognized to occur in partial and selective forms with variable pheno 
types. This article reviews the genetics and biochemistry of P450c17 as 
a prelude for understanding the pathophysiology of such deficiencies 
and approaches to their diagnosis and management. 

P450c17 AND CYP17 

Patients who carry the diagnosis of 17-hydroxylase deficiency har 
bor alterations in the CYP17 gene that encodes the P450c17 enzyme. 
P450c17 actually performs multiple chemical transformations, Human 
P450c17 17a-hydroxylates A5-pregnenolone and A4-progesterone with 
roughly equal catalytic efficiency/ 35 whereas all other reactions show 
prominent differences between A5 and A4 substrates. The 17,20-lyase 
activity is roughly 50 times more efficient for the 17a-hydroxypregneno- 

From the Division of Endocrinology and Metabolism, Department of Internal Medicine, 
University of Texas Southwestern Medical School, Dallas, Texas 

ENDOCRINOLOGY AND METABOLISM CLINICS OF NORTH AMERICA 

VOLUME 30 • NUMBER 1 • MARCH 2001 101 

MYLAN PHARMS. INC. EXHIBIT 1026 PAGE 1 



~ 

.... 
0 
N 

~ r- > z 
~ 

~ 

~ 
~ 
~ z 
0 
M 
~ = ~ co ~ 
~ 
~ 
0 
N 
0'I 
~ > 
~ 
M 
N 

I Pituitary I 11 _ 

lrAciiI.. ====r- 
............... 

Cholesterol 

1P450"' - 
3i3HSD(1/1I) P450c2_1 111< P4SOcllAS 

Pregnenolone Ill Progesterone Ill< DOC 

I P450cl7 I 1 I P450cl7 I l 
170H p I 3QHSD P450c21 P450 11 [3 - regneno one Ill 170H-Progesterone Ill 11-Deoxycortisol c 

P450c17 1 P450c17 : 
(b5) (b5) : 

3$HSD T P450arom 
DHEA Ill Androstenedione -----+ Estrone 

17PDSD11 l 17PDSD0 17PHSDm 1 f 17PHSDIJ 17PBSDl1 f ,1puson 
3[3HSD P450arom 

Androsteoediol Ill Testosterone --------l~ Estradiol 
Sa-Reductase I & Il I 

l......+ Dihydrotestosterone 

-----+Aldosterone 

l P450cl1[3 Corticosterone 
' ... 180H-Corticosterone & l80H-D0C 

Cortisol 

Figure 1. See legend on opposite page. 

+ 



MANAGEMENT OF HUMAN DEFICIENCIES OF P4S0c17 103 

lone-to-dehydroepiandrosterone (DHEA) reaction than for the 17a-hy 
droxyprogesterone-to-androstenedione reaction." 35 Although the rate of 
the lyase reaction can be increased more than 10-fold by the addition of 
cytochrome b5,3· 31, 35 the d5 preference persists, and the lyase rate never 
quite achieves the rate of the hydroxylase reactions. In addition, human 
P450c17 16a-hydroxylates progesterone but not pregnenolone.v 37, 62 In 
the presence of cytochrome b5, P450c17 converts approximately 10% of 
pregnenolone substrate to a d16 andiene product,35 which is also formed 
by porcine P450c17 and acts as a pheromone precursor in pigs.48 Al 
though experiments to study the chemistry of P450c17 often require 
certain conditions, such as detergent solubilization that could be consid 
ered nonphysiologic, the remarkable consistency of substrate preferences 
and kinetic constants observed for the modified solubilized P450c17 
expressed in Escherichia coli,31• 35 the native P450c17 expressed in yeast 
microsomes3 or intact COS-1 cells,": 38 and that obtained from human 
tissues and cells': 62 strengthens these conclusions. 

One consequence of this d5 preference of human P450c17 for the 
17,20-lyase reaction is that the vast majority of sex steroids in humans 
derive from DHEA as an intermediate. This d5 preference also allows 
the phenomenon of adrenarche to occur in humans, an event that is 
characterized by a dramatic rise in adrenal DHEA production that occurs 
at about age 8 to 10 years, 12• 60 whereas cortisol production remains 
relatively constant. Adrenarche is an exemplary manifestation of the 
biochemistry of P450c17, in which the 17a-hydroxylase and 17,20-lyase 
activities are differentially regulated. In fact, this dichotomy between 
adrenal 17a-hydroxylase activity, reflected by relatively constant cortisol 
production, and 17,20-lyase activity, reflected by drastically age-depen 
dent changes in DHEA production, previously suggested that distinct 
enzymes performed the two transformations; however, later copurifica 
tion of the 17a-hydroxylase and 17,20-lyase activities of neonatal pig 
testes suggests otherwise.47 This controversy was settled when the cDNA 
for bovine P450cl7 was expressed in COS-1 cells, conferring 17a-hydrox 
ylase and 17,20-lyase activities to these nonsteroidogenic cells" and 
proving genetically that the 17a.-hydroxylase and 17,20-lyase enzymes 

Figure 1. Major steroidogenesis pathways in humans and feedback loops controlling 
glucocorticoid and mineralocorticoid production. Ordinarily, cortisol is the major glucocorti 
coid produced by the adrenal zona fasciculata/reticularis, and cortisol exerts negative 
feedback inhibition (double vertical bars) to regulate pituitary adrenocorticotropic hormone 
(ACTH) production. Aldosterone is the principal mineralocorticoid of the adrenal zona 
glomerulosa, and aldosterone synthase (P450c11 AS) expression is stimulated by volume 
depletion, which activates the renin-angiotensin (All) system, and to a lesser extent, by 
ACTH. Aldosterone acts to stimulate kaluresis and salt and water retention, which feeds 
back on the kidney to suppress renin production. The production of corticosterone, a weak 
glucocorticoid, and of 11-deoxycorticosterone (DOC), a potent mineralocorticoid, is relatively 
low and unimportant in healthy individuals with intact feedback systems. Note that 
P450ci i 13 in the zona fasciculata also 18-hydroxylates ( 1801--\j DOC and corticosterone as 
minor products. 
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were, in fact, both embodied in a single enzyme, P450c17. Differential 
regulation of the two principal activities of P450c17 is possible because 
the abundance of P450-oxidoreductase37 and the addition31• 35, 50 or coex 
pression" of cytochrome b5 preferentially augments the 17,20-lyase activ 
ity, and phosphorylation" 76 also selectively enhances 17,20-lyase activity. 
Recent data showing high expression of b5 in the zona reticularis of 
monkeys" and humans" suggest that the developmentally regulated 
expression of b5 might be a key event in the genesis of adrenarche in 
higher primates. 

PATHOPHYSIOLOGY 

P450c17 deficiencies are a form of congenital adrenal hyperplasia in 
which not only adrenal but also gonadal steroidogenesis is impaired. In 
humans, one gene for P450cl7 is expressed in the adrenals and gonads" 
instead of two tissue-specific isozymes. A single 2.1-kb mRNA species 
yields a 57-kd protein in these tissues, and mutations in this gene 
produce a spectrum of deficiencies in 17-hydroxysteroids and C19 ste 
roids. Loss of P450c17 in the adrenal gland impairs cortisol and DHEA 
production, whereas gonadal deficiency of P450c17 abrogates sex steroid 
production. The initial description of 17-hydroxylase deficiency was a 
case in which both 170:-hydroxylase and 17,20-lyase products were ab 
sent." When the gene for human P450c17 was cloned." patients with 
17-hydroxylase deficiency were found to harbor mutations in the CYP17 
gene/ 67 but molecular techniques and subsequent clinical evaluations 
failed to implicate CYP17 mutations as the cause of isolated 17,20-lyase 
deficiency.73 Recently, three cases of isolated 17,20-lyase deficiency have 
been confirmed by molecular genetics,8• 20 demonstrating that amino acid 
substitution mutations in P450c17 can cause an isolated loss of 17,20- 
lyase activity. 

Combined 17a-Hydroxylase/17, 20-Lyase Deficiency 

Loss of P450c17 in the human adrenal gland prohibits the biosynthe 
sis of cortisol and C19 steroids. Curiously, the adrenal glands of patients 
with 17-hydroxylase deficiency are similar to those of rodents, which do 
not express P450c17,63 such that rodents rely on corticosterone as their 
principal glucocorticoid, and their adrenal glands cannot make C19 ste 
roids. Patients with 17-hydroxylase deficiency rarely26 manifest symp 
toms of adrenal insufficiency owing to sustained corticosterone produc 
tion. Because corticosterone is a weaker glucocorticoid than cortisol, 
abnormally high corticosterone production is necessary before feedback 
inhibition on pituitary corticotropin (ACTH) secretion occurs,45 establish 
ing a new steady state (Fig. 2). To produce sufficient corticosterone to 
make up for the absence of cortisol, dramatically elevated quantities of 
intermediate steroids, such as progesterone and 11-deoxycorticosterone 
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(DOC), must accumulate, as well as unusual metabolites, such as 18- 
hydroxycorticosterone= and 19-nor-deoxycorticosterone.23 This ACTH 
driven overproduction of mineralocorticoids leads to hypertension, a 
characteristic presenting feature of this disease. The hypertension usually 
develops in early adulthood9 but can present in infancy15 and can be 
severe.46 As is true in other hypertensive disorders caused by mineralo 
corticoid excess,39 the hypertension can become fixed if the disease is 
not treated for many years.52 

Although the general description given herein is true for most 
patients with this disorder, considerable variation in phenotype and 
laboratory findings has been described. These variables include the 
degree of genital virilization in 46,XY subjects and the capacity for 
menstruation in 46,XX subjects; the severity of the hypertension and 
hypokalemia; the aldosterone secretion rate; the type and amount of 
adrenocortical hyperplasia; the gonadal morphology and histology; and 
the coexistence of additional disorders, such as 21-hydroxylase defi 
ciency" or maternal androgen excess.14 This heterogeneity has not been 
completely explained, but many factors, including the severity of the 
P450c17 deficiency, variations in genes regulating hormone respon 
siveness, diet (sodium consumption), and environment, undoubtedly 
contribute. The reader is referred to a detailed discussion of case re 
ports," which is beyond the scope of this article. 

Isolated 17, 20-Lyase Deficiency 

This disoder is extremely rare because mutations that cause this 
phenotype must not only destroy most 17,20-lyase activity but preserve 
most TZo-hydroxylase activity. Patients who are 46,XY present with 
ambiguous genitalia at birth or with inguinal hernias with or without 
pubertal delay as adolescents'? (Table 1). Patients do not show the 
consequences of mineralocorticoid excess because preserved cortisol pro 
duction prevents excessive DOC and corticosterone accumulation. Clini 
cal laboratory findings vary considerably owing to the age of diagnosis, 
the severity of the disease, and the discrepancy between the 170.-hydrox 
ylase and 17,20-lyase activities in a given individual. Nonetheless, C19 
steroid production is severely, although not completely, impaired, 
whereas 17-hydroxylated steroid production is nearly or completely nor 
mal. 

DIAGNOSIS 

Unlike forms of congenital adrenal hyperplasia, such as the lipoid 
type and 21-hydroxylase deficiency, in which glucocorticoid and miner 
alocorticoid production are impaired, patients with 17-hydroxylase defi 
ciency do not have an adrenal crisis in the postnatal period. Conse 
quently, the diagnosis is often not entertained until hypertension, 
hypokalemia, or pubertal delay is evaluated during adolescence or early 
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adulthood. Patients with a 46,XY karyotype and incomplete deficiency 
may be misdiagnosed with androgen insensitivity or defects in later 
steps of dihydrotestosterone biosynthesis. As is true for all steroidogenic 
enzyme deficiencies, the diagnosis is most convincingly established by 
measuring precursor-to-product ratios during ACTH stimulation testing. 
In particular, circulating concentrations of the 17-deoxysteroids proges 
terone, corticosterone, and DOC rise to 5 to 10 times normal after ACTH 
administration.15 In addition, 17-hydroxylase deficiency, in distinct con 
trast to Ll-hydroxylase and 21-hydroxylase deficiencies, is characterized 
by elevated production of 18-hydroxycorticosterone and 18-hydroxy 
DOC (Table 2).33 The ratio of corticosterone to DOC (or of their 18- 
hydroxy-derivatives) distinguishes 17- from 11-hydroxylase deficiency. 
Table 3 compares the clinical, laboratory, and genetic characteristics of 
the various mineralocorticoid excess states that may arise in children 
and young adults. 

Although production of the precursors corticosterone and DOC is 
markedly elevated in 17-hydroxylase deficiency, DOC production can be 
much greater in Il-hydroxylase deficiency, whereas plasma 18-hydroxy 
DOC concentrations are not elevated.33 The reason for this apparent 
discrepancy is that P450cll~ (the product of the CYP11B1 gene) is 
not exclusively an 11~-hydroxylase but exhibits weak 18-hydroxylase 
activity'? 64 (Fig. 2) and trace amounts of aldosterone synthase activity.75 
The low 18-hydroxy-DOC production in 11-hydroxylase deficiency, de 
spite enormous DOC concentrations, is compelling genetic evidence that 
P450cll~ is responsible for elevated 18-hydroxy-OOC and 18-hydroxy 
corticosterone production in 17-hydroxylase deficiency. Analogously, in 
glucocorticoid-remediable aldosteronism, abundant 18-oxygenase activi 
ties in the zona fasciculata owing to the presence of a chimeric CYP11B2/ 
11B1 gene36 lead to excessive 18-oxygenated steroid production.16 Pa 
tients with 17-hydroxylase deficiency with paradoxically measurable, if 

Figure 2. Physiologic disturbances in glucocorticoid, mineralocorticoid, and sex steroid 
homeostasis in complete 17-hydroxylase deficiency. The inability to 17a-hydroxylate C2, 
steroids in the adrenal gland eliminates all steroids within shaded region and shunts 
pregnenolone flux to progesterone, 11-deoxycorticosterone (DOC), corticosterone, and 
possibly aldosterone (large open arrows). Absence of negative feedback by cortisol (dashed 
line) causes overproduction ot adrenocorticotropic hormone (ACTH) (top-most large open 
arrow), and the resultant abundance of the weak glucocorticoid corticosterone provides 
adequate systemic glucocorticoid action and feedback on ACTH secretion (solid line). The 
hypothalamic-pituitary-adrenal axis then reaches a steady state at a higher set-point; 
however, the drive to overproduce corticosterone allows the accumulation of intermediates 
such as the potent mineralocorticoid DOC, and high DOC production stimulates salt and 
water retention, which suppresses renin secretion (dashed arrow). Thus, aldosterone pro 
duction is low (dashed arrow), but hypertension and hypokalemia develop because of DOC 
excess. In addition, the unusually high concentrations of DOC and corticosterone in the 
presence of robust P450c11 (3 expression leads to excessive production of ordinarily minor 
metabolites 18-hydroxy (1 SOH)-DOC and 18-0H-corticosterone. Because 17-hydroxy 
{170H)-pregnenolone and dehydroepiandrosterone (DHEA) synthesis is nil (shaded region) 
in the fetus and at puberty, no androgen or estrogen synthesis is possible, and sexual 
infantilism results. 
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Table 1. COMPARISON OF COMBINED 17a-HYDROXYLASE/17,20-LYASE DEFICIENCY AND ISOLATED 17,20-LYASE DEFICIENCY 

Deficiency Plasma Steroids Urinary Steroids Clinical Presentation 

Combined 17a-hydroxylase and 
17,20-lyase 

Isolated 17,20-lyase 

! 17-0H-steroids, DHEA, 
androgens, estrogens 
t Progesterone, DOC, DOC 
metabolites, corticosterone 

Normal 17-0H-steroids 
! DHEA, androgens 
t 17-0HP / AD (>10 after hCG) 

! 17-0HCS, 17-KS pregnanetriolone 
t Tetrahydro-DOC 

Hypertension/hypokalemia, 
sexual infantilism 

! 17-KS Ambiguous genitalia in 46,XY 

17-0HP = 17-hydroxyprogesterone; AD = androstenedione; hCG = human chorionic gonadotropin; DHEA = dehydroepiandrosterone; 17-0HCS = 17-hydroxycorti 
costeroids: 17-KS = 17-ketosteroids; DOC = 11-deoxycorticosterone. 
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Table 2. COMPARISON OF STEROID PROFILES IN ADULTS WITH 17-, 11-, AND 21- 
HYDROXYLASE DEFICIENCES 

Type of DOC 18-0H-DOC Cortlcosterone 18-0H-Cortlcosterone Aldosterone 
Deficiency ng/dl ng/dl ng/dl ng/dl ng/dl 

17-0H 25-500 100~00 4000-40,000 60-1000 <10 
11-0H 50 to >1000 <10 <200 <10 <3 
21-0H 10-100 3-20 100-500 10-200 10-60 
Normal 2-20 1-20 100-500 10-40 10-30 

DOC = 11-deoxycorticosterone; 18-0H-DOC = 18-hydroxy-DOC; OH = hydroxylase. 
Data adapted from Kater CE, Biglieri EG: Disorders of steroid 17 alpha-hydroxylase deficiency. Endocriool Metab 

Clin North Am 23:341-357, 1994. 

not elevated, aldosterone production have been described. It is possible 
that, in these instances, artifacts owing to laboratory methods or intercur 
rent glucocorticoid therapy confound the data.32 It is equally likely that 
other genetic and environmental modifiers contribute to these variations 
in disease manifestations, such as polymorphisms that alter the aldoste 
rone synthase activity of P450c1ll3. The latter hypothesis is consistent 
with the finding that most 17-hydroxylase deficiency cases with measur 
able aldosterone production are from Japan.32• 72 Until a large series 
of patients with 17-hydroxylase deficiency is compiled with uniform 
evaluation, these conundrums will persist. 

Although heterozygous family members of patients with 17-hydrox 
ylase deficiency without other endocrine abnormalities usually have 
clinically normal adrenal and gonadal physiology, it is sometimes possi 
ble to detect heterozygosity using biochemical testing. Elevated cortico 
sterone and 18-hydroxycorticosterone concentrations, as well as the 18- 
hydroxycorticosterone-to-aldosterone ratio, after ACTH stimulation are 
perhaps the most readily available means to detect heterozygotes if an 
index case has been identified.65 More precisely, the ratio of total urinary 
metabolites of corticosterone to those of cortisol is elevated (reflecting 
low 17a-hydroxylation), and the ratio of total urinary metabolites of C19 

steroids to those of C21 steroids is low (reflecting low 17,20-lyase activ 
ity)." If a compelling reason for ascertainment of an individual's zygos 
ity exists, molecular genetics provides a highly sensitive, although te 
dious, method that must be performed in a research laboratory." 

MOLECULAR GENETICS 

Deletions, Premature Truncations, Frameshifts, and 
Splicing Errors 

Among the genetic abnormalities described in the CY Pl 7 gene, the 
largest deletion reported involves the substitution of 518 bp (most of 
exon 2 and part of exon 3) with 469 bp of unknown DNA, disrupting 
the protein near its beginning and causing complete 17cx-hydroxylase 
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Table 3. COMPARISON OF MINERALOCORTICOID EXCESS STATES WITH SUPPRESSED PLASMA AENIN ACTIVITY 

Disease Laboratory Findings Key Features Molecular Basis 

*17-Hydroxylase deficiency 

Primary aldosteronism 

DOC-oma 

"Syndrome of apparent rnineralocorticoid 
excess 

*Glucocorticoid-remediable aldosteronism 

"Cushing syndrome 

*Glucocorticoid resistance 

j DOC, corticosterone, and 18-0H 
derivatives 

! 17-0H-steroids, C,9 steroids 
! Aldosterone 
f Aldosterone, often j 18-0H 
corticosterone 

j DOC, normal aldosterone, 
variable other steroids 

! Cortisone metabolites 
! Aldosterone 
j 18-0H- and 18-oxocortisol, 
variable aldosterone 
f Cortisol production, variable 
other steroids 

j Cortisol production 
j c,9 steroids 

Sexual infantilism/ambiguity CYP17 mutations 

Normal cortisol axis Unknown 

Normal cortisol axis Unknown 

Dexamethasone suppression of HSD11B2 mutations 
hypertension, kaluresis 

Dexamethasone suppression of CYP11B2/11B1 chimeric gene 
hypertension, kaluresis 

Symptoms of cortisol excess, Unknown 
variable mineralocorticoid excess 

Symptoms of cortisol insufficiency, GR mutations, other 
androgen excess 

·ACTH-dependent mineralocorticoid excess. 
DOC = 11-deoxycorticosterone; OH = hydroxy; GR = glucocorticoid receptor. 
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deficiency.6 A 4-bp duplication of the sequence CATC following I1e47930 
was originally observed in Canadian Mennonites29 and has been subse 
quently found in at least six Dutch Frieslander farnilies.28 This duplica 
tion leaves 95% of the protein unaffected and creates a mutant P450c17 
that has an altered sequence in its last 25 residues, that is truncated 
three residues prematurely, and that is wholly devoid of enzymatic 
activity. The crucial nature of the carboxy terminus of P450c17 is also 
shown by the complete absence of activity in the 9-bp, in-frame deletion 
of residues Asp487, Ser488, and Phe48919 and in a Gln461~stop muta 
tion." Although these mutants retain the heme-binding region, these 
ostensibly minor alterations in the extreme carboxy terminus are cata 
strophic for enzymatic activity. 

A computer model of human P450c17 suggests why the enzyme is 
so sensitive to alterations in its carboxy terminus.5 The last 48 residues 
of P450c17 are involved in an extended '3-sheet structure that folds down 
from the protein surface to form the "roof" of the active site, which is 
critical for proper substrate binding and subsequent catalysis. The CATC 
duplication after lle479,30 the deletion of residues 487 to 489,19 and the 
mutant Gin461~stop,73 which all retain the heme-binding site, disrupt 
or lack this critical stretch of residues required for activity. 

The mutation delTG300,301 shifts the reading frame and alters the 
codon use beginning within exon 5.43 Mutation 7bp dup 120 changes the 
reading frame from exon 2 onward." The premature truncation Trp 
17~stop has been found in a homozygous= and a compound heterozy 
gous" patient, and mutations Glu194~stop and Arg239~stop each com 
prise separate alleles in a single patient with complete 17n-hydroxylase 
deficiency." These three early truncations are not informative for 
structure/function studies because they delete the heme-binding region 
as well as residues important for substrate and redox partner binding. 

Two deleterious intronic mutations have been described, a G to T 
substitution at nucleotide + 5 in intron 261 and an analogous G to A 
substitution at position + 5 of intron 7.66 These splice junction mutations 
delete exons 2 or 7, respectively, during RNA processing ("exon skip 
ping"). The excision of these exons introduces early premature stop 
codons well before the heme-binding region. The deletion of a G within 
codon 438 has been found in a homozygous patient.51 This mutant gene 
encodes a protein in which the Gly-Pro-Arg-Ser-Cys-Ile motif at residues 
438-443 (the underlined Cys ordinarily donates the axial sulfhydryl to 
the heme iron) is converted to Asp-Leu-Ala-Pro-Val-Stop, which destroys 
all enzymatic activity. An ATG~ATC substitution in the intiating methi 
onine codon has been described in a patient with complete 17n-hydroxy 
lase deficiency and hypokalemic myopathy.58 

Amino Acid Substitutions-Combined 17« 
Hydroxylase/17,20-Lyase Deficiency 

Careful biochemical and computational analyses of mutant enzymes 
from patients with unusual phenotypes can provide insight into the 
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functional roles of specific amino acids in P450c17. For example, the 
mutation His373Leu, when expressed in E. coli, lacks the classical P450 
difference spectrum, 44 strong evidence that this protein does not bind 
heme properly. Modeling studies5 predict that His373 lies distant from 
the heme moiety, suggesting that structural changes elsewhere in the 
His373Leu mutant secondarily abolish heme binding. In contrast, the 
mutation Arg440His18 lies two residues away from the heme-liganding 
Cys442, and the reason for loss of activity in this mutant is more 
straightforward. In most P450 enzymes, an analogous arginine residue 
in this position is critical for neutralization of a negative charge on a 
heme proprionate and stabilization of heme incorporation25; hence, this 
mutation also interferes with heme binding. 

The mutation Ser106Pro, found in two apparently unrelated Gua 
manian patients,38 introduces a helix-breaking praline into what is pre 
dicted to be the B' -helix, near residues that form a lateral boundary of 
the substrate-binding pocket. P450cl 7 is sensitive to perturbations in 
this region, such that even the conservative replacement of Ser106 with 
Thr (the corresponding residue found in rainbow trout P450cl757) abol 
ishes most enzymatic activity.37 Specifically, Ilel12 is predicted to interact 
directly with substrate, suggesting why mutation inslle112 is devoid of 
measurable activity.27 Nearby, mutations Gly90Asp67 and Arg96Trp34 are 
predicted to reposition the second strand of 13-sheet 1, containing the 
key residue Gly95. Computer simulations predict that 313-hydroxyl and 
3-keto groups of A5 and A4 substrates, respectively, form hydrogen bonds 
to the carbonyl group or the amide hydrogen of Gly95.5, 41 The four 
mutants inslle112, Ser106Pro, Arg96Trp, and Gly90Asp may all primarily 
impair substrate binding. 

Three mutations that retain partial enzymatic activity have also 
been described. Mutations Tyr64Ser27 and Pro342Thr1 retain approxi 
mately 15% and 20% of wild-type activity, respectively. The loss of one 
of two contiguous Phe residues in the APhe53/54 mutation69 destroys 
all but a trace of enzymatic activity, 72 and this mutation has been found 
in other cases of 17-hydroxylase deficiency in Japan,42 suggesting a 
founder effect. The structural alterations responsible for the loss of 
activity in these mutants are not entirely clear, but these regions of the 
protein must be somewhat more tolerant of such structural changes 
than, for example, the active site and the heme-binding region. 

Mutations Causing Isolated 17,20-Lyase Deficiency 

The first patient with isolated 17,20-lyase deficiency in whom the 
CYP17 gene was sequenced proved to be a compound heterozygote for 
the Gln461-stop and Arg496Cys mutations." When studied in trans 
fected cells, the Gln461-stop mutant was inactive, but the Arg496Cys 
mutant retained a small amount of 170.-hydroxylase and 17,20-lyase 
activities.73 When restudied as an adult,74 the patient's steroid hormone 
profile reflected nearly complete deficiencies of 170.-hydroxylase and 
17,20-lyase activities, consistent with the molecular genetics and bio- 
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chemistry of the mutant proteins. This case illustrates many of the 
pitfalls in the diagnosis of isolated 17,20-lyase deficiency and emphasizes 
that the clinical features, the molecular genetics, and the biochemistry 
of the mutant P450c17 protein(s) must all be congruent to ensure an 
accurate diagnosis. 

Recently, two 46,XY Brazilian patients presented with convincing 
clinical evidence of isolated 17,20-lyase deficiency, that is, genital ambi 
guity and diminished C19 steroid production yet normal 17-hydroxycorti 
costeroid production. One patient was homozygous for mutation 
Arg347His and the other for Arg358Gln, whereas each parent was het 
erozygous for the respective mutant allele." When expressed in COS-1 
cells, the mutants hydroxylated progesterone and pregnenolone." but 
only a trace of 17,20-lyase activity could be reconstituted by coexpressing 
an excess of oxidoreductase and b5•21 Although 170:-hydroxypregneno 
lone is a poor substrate for the mutant enzymes, competition experi 
ments unequivocally show that the affinity of the mutant proteins for 
170:-hydroxypregnenolone is equivalent to that of the wild-type 
enzyme.s- 21 suggesting that arginines 347 and 358 do not lie in or near 
the active site. 

Computer modeling studies demonstrate that R347H and R358Q 
neutralize positive charges in the redox partner binding site.5• 20 Biochem 
ical studies confirm that mutations R347H and R358Q impair interactions 
of P450cl 7 with its electron donor P450-oxidoreductase and with cyto 
chrome bs21; therefore, isolated 17,20-lyase deficiency is not caused by an 
inability of the mutant enzymes to bind the intermediate 170:-hydroxy 
pregnenolone but rather by subtle disturbances in interactions with 
redox partners.5• 20• 21 Another patient subsequently shown to have iso 
lated 17,20-lyase deficiency was found to harbor mutation F417C,8 which 
is predicted to lie on the edge of this redox partner binding surface.5 
The biochemistry of the F417C mutant has not been studied in detail, so 
it is not known if the same mechanisms as for the R347H and R358Q 
mutants apply to F417C. 

A male pseudohermaphrodite with congenital methemoglobinemia 
owing to a mutation in the gene for cytochrome b5 has been described." 
It is possible that this patient was incompletely virilized because of low 
(but not absent) testicular 17,20-lyase activity and testosterone deficiency 
in utero owing not to a P450c17 mutation but rather to the loss of b5, the 
cofactor protein that stimulates 17,20-lyase activity. Neither circulating 
steroid hormone concentrations nor a genetic analysis of the CYP17 gene 
were reported for this subject. If this patient has isolated 17,20-lyase 
deficiency owing to the loss of b5, the physiologic importance of b5 in 
P450c17 chemistry would be proved. 

MANAGEMENT 

The child with 17-hydroxylase deficiency is chronically exposed to 
elevated circulating mineralocorticoid (DOC) concentrations but roughly 
normal amounts of glucocorticoids (as corticosterone). Mineralocorticoid 
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excess in the neonatal period is of no consequence because mineralocorti 
coid (aldosterone) production is normally high in infants17; however, as 
the child ages and begins to consume solid foods, sodium intake rises, 
and mineralocorticoid excess can lead to sodium retention, hypertension, 
and hypokalemia. The hypertension can become fixed if not treated for 
many years39; hence, some control of DOC production is desirable. 
Moderation of dietary sodium content is prudent as an adjunct to phar 
macologic therapy, which consists of glucocorticoid supplementation to 
reduce aberrant DOC production. Special considerations in the child 
with 17-hydroxylase deficiency include the avoidance of highly potent 
fluorinated glucocorticoids, such as dexamethasone, that have dispro 
portionately large detrimental effects on linear growth and bone mineral 
accrual. H ydrocortisone administered in two or three divided doses will 
generally suffice, although direct comparison of steroid regimens in this 
uncommon disease are lacking. The glucocorticoid dose should be ti 
trated to normalization of blood pressure and plasma potassium concen 
trations, as well as restoring plasma renin activity to the measurable 
range as endpoints. The frank normalization of plasma DOC and cortico 
sterone concentrations may require overtreatment with glucocorticoids.52 
It is preferable to err on the side of undertreatment because the dire 
consequences of glucocorticoid excess throughout childhood are less 
desirable than modest mineralocorticoid excess. 

As is true for patients with Turner's syndrome, gonodal dysgenesis, 
androgen insensitivity, or some other steroid biosynthetic defects, pa 
tients with 17-hydroxylase deficiency fail to exhibit pubertal develop 
ment, and fetal testosterone deficiency causes all but the most mildly 
affected patients to present phenotypically as prepubertal females. In 
addition, the testosterone surge that occurs during the first year of life 
in 46,XY children is absent in 17-hydroxylase deficiency, which could 
theoretically impair responsiveness to testosterone later in life for mildly 
affected individuals. In most cases, estrogen replacement therapy is 
initiated at the time of expected puberty or on diagnosis if that time has 
already passed. Estrogen replacement not only allows the development 
of female secondary sexual characteristics but stimulates the increase in 
bone mass that normally occurs during puberty.24 In a few cases, testos 
terone supplementation has been given to mildly affected 46,XY patients 
to stimulate penile development15; however, as is true for patients with 
partial androgen insensitivity, the rearing of these individuals as males 
and the choice of appropriate therapy are complex decisions that unfor 
tunately may yield less than satisfactory results. 

The treatment of 17-hydroxylase deficiency in the adult patient 
strives to achieve four goals: (1) reduction of the production or action of 
mineralocorticoids; (2) avoidance of the untoward effects of glucocorti 
coid excess; (3) replacement of sex steroids; and (4) prevention of the 
long-term consequences of the abnormal physiology. Although the cave 
ats and special considerations are somewhat different in the two age 
groups, the cornerstone of the therapeutic plan remains sodium restric 
tion plus glucocorticoid supplementation, traditionally consisting of a 
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daily dose of dexamethasone. Patients with 17-hydroxylase deficiency 
given dexamethasone demonstrate a prompt reduction in DOC and 
corticosterone production, with naturesis and resolution of kaluresis." 
The hypertension usually resolves with glucocorticoid therapy,52 but if 
the diagnosis has been delayed for many years, the hypertension can 
become fixed.39 The goal of glucocorticoid therapy is to restore the 
blood pressure and plasma potassium concentration to normal using the 
minimal amount of drug possible, usually 0.25 to 1 mg/ d of dexametha 
sone or 2 mg/d to 5 mg/d of prednisone. Circulating concentrations of 
DOC and corticosterone may not completely normalize on this regi 
men, 52 but a rise in renin and aldosterone during glucocorticoid adminis 
tration indicates that the therapeutic goal of eliminating ACTH-depen 
dent mineralocorticoid excess has been achieved.33 As is true in other 
states of ACTH-driven mineralocorticoid excess, such as glucocorticoid 
remediable aldosteronism and apparent mineralocorticoid excess, care 
must be taken not to suppress the hypothalamic-pituitary-adrenal axis 
overzealously, which can lead to complications of glucocorticoid excess.16 
Instead, small doses of mineralocorticoid antagonists, such as spironolac 
tone or potassium canrenoate, can be added to the regimen, allowing 
modest glucocorticoid doses during long-term therapy in the adult as 
well.39 Particularly with the development of newer mineralocorticoid 
antagonists lacking the side effects of spironolactone, such as eplerenone, 
blockade of mineralocorticoid action is likely to assume a larger role in 
the management of ACTH-dependent mineralocorticoid excess states. If 
hypertension persists despite adequate blockade of mineralocorticoid 
production or action, the addition of a calcium channel blocker to the 
regimen is usually sufficient.32• 39 

Patients who have 17-hydroxylase deficiency also fail to produce 
DHEA, and beneficial effects of DHEA supplementation in women (but 
not in men) with adrenal insufficiency have been demonstrated.2 Because 
it is not clear whether the benefits of DHEA in these women are caused 
by the direct action of DHEA or the conversion of DHEA to active 
androgens, definitive recommendations cannot be made, and any regi 
men would require a preparation and dosing that accommodates a 
narrow therapeutic window to avoid the undesirable consequences of 
androgen excess. Nonetheless, some form of Cr9 steroid supplementation 
could be beneficial in 17-hydroxylase deficiency. Some 46,:XX females 
with partial 17-hydroxylase deficiency have been reported to have spon 
taneous menses,59 but, as a general rule, 46,XX patients require cyclical 
or combined estrogen-progestin replacement therapy to prevent endo 
metrial hyperplasia from unopposed estrogen stimulation. In contrast, 
46,XY females lack Mii.llerian structures and can be treated with an 
estrogen replacement regimen without the progestin. One astonishing 
report describes the successful in vitro fertilization of a 46,:XX patient 
with 17-hydroxylase deficiency after stimulating ovarian development, 
despite low intrafollicular estradiol concentrations.55 

Affected 46,XY individuals require gonadectomy to prevent malig 
nant degeneration in their intra-abdominal testes. The need for genetic 
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and psychologic counseling of these individuals, particularly if some 
intersex features exist, should not be neglected. Most of these patients 
are diagnosed at an age at which their gender identity and role have 
been firmly established but before an age when they can fully grasp the 
complexity of their condition. 
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HYPERPLASTIC AND MALIGNANT DISEASES OF THE PROSTATE 
Howard I. Scher 

~"'--"""'"" of both benign and malignant changes in the prostate 
- age. Autopsies of men in the eighth decade of life show 

changes in >90% and malignant chang in >70% of 
The high prevalence of these di eases in an elderly pop 
competing cause of morbidity and 01 rtality rnandat a 

•H1::s::ille(J1approach to diagnosis and treatment. Thi can be achieved 
tp::::sc,.a:~·IIlg the e diseases a a eries of tat es. Each state represents 

dinical milestone for which intervention( ) may be recorn 
--,.. """"'"' on the presence or risk. of developing ymptoms or death -==:.c:= in a given time frame (Fig. 81-1). For benign proliferative 
-~::;:1,,symptoms of urinary frequency, infection, and potential for 

are weighed against the ide effe and complications of 
a- surgical therapy. For pro tate malignancies, the risk of de ~-~-:! disease, symptoms, or death from cancer are balanced 

morbidirie of interventions recommended and preexisting 
•ra.:c:ad condition . 

. around 230,000 pro tale cancer cas were diagnosed, of 
,900 uccumbed. The absolute number of prostate cancer 

,_...,.,.."= decreased in the past 5 years; this has been attributed by 
ide pread use of detection strategies based on monitoring 

haa.:;a!>-<Slpccific antigen (PSA). However, screening has nor been 
'.,lllao,,::..;:o improve survival in pro pective randomized trial . The par 

management is that although the di ease remains the second 
_ cause of cancer deaths in men, the almost 8: I ratio in incidence 

e cancer-specific mortality shows that the majority of men 
of their disease. 

te is located in the pel is and is urrounded by the rectum, 
r. the pcripro tatic and dor al vein complexes tliaL are re 
for erectile function, and the urinary sphin ter that is re 
for passive urinary control. TI1e pro tare is compo ed of. 

- g tubuloalveolar gland arranged in lobule and urrounded 
stroma. The acinal unit includes an epithelial compartment made 
epithelial, ba al, and neuroendocrine cells and a siromal com 

that includes fibroblasts and mooth-rnuscle cells. The com 
~z:1:ots are separated by a basement membrane. PSA and acid pho - 

(ACP) are produced in the epithelial ells. Both cell type 
androgen receptor and depend on androgen · for growth. Tes- 

.....,,_,..,,. the major circulating androgen, is convened by the enzyme 
uctase to dihydrol to terone in the gland. Changes in prostate 

occur during puberty and after tbe age of 55 in the periurethral 
of the gland. Most cancers develop in the peripheral zone, 

can often be palpated by a digital rectal examination (DRE). 

Clinically 
localized 
disease 

Clinical 
metastases: 
Noneastrate 

ClfnlcaJ 
metastases: 
Castrate 

Omical slates of prostate cancer. PSA, prostate-specific antigen. 

Nonmalignant growth occurs predominantly in the transition zone 
around the urethra. 

EPIDEMIOLOGY 
The de elopment of a pro tare cancer involves a multistep proces . 
Hypermethylalion of the GSTPl gene promoter, leading to a los of 
function of a gene that detoxifies carcinogens, is one early change. 
Epidemiologic studies show that the risk of being diagno cd with pro - 
tate cancer increa es by a factor of 2 if one first-degree relative is 
affected and by 4 if two or more are affected. Current estirnat are 
that 40% of early-onset and S to 10% of all cancers are hereditary and 
follow a Mendelian inheritance pattern. Pro tate can er affects ethnic 
groups differently. Matched for age, the prostates of African-American 
males have both a greater number of precur or pro tatic intraepithelial 
neoplasia (PCN) lesions and larger tumors than while males po ibly 
related lo the higher levels of te co terone seen in African-American 
males. These lesions are highly unstable, and typically multifocal. 
Polymorphic variants f the androgen receptor gene, the t hrorne 
P450 Cl 7 gene, and the steroid 5a-redu tase rype II SRD5 ) gene 
have al o been implicated in the variations in incidence. The in idence 
of autopsy-detected cancers is similar around the world, while the 
incidence of the clinical disease varies. Thus, environmental factor 
may play a role. High consumption of dietary fats, such as o-Iinolei 
acid, or polycyclic aromatic hydrocarbons that form when red meats 
are cooked is believed to increase ri k. Similar to breast cancer in 
A ian women the risk of prostate cancer in Asian males incre es 
when they move to western environments. Protective factors include 
the i oflavinoid genistein (which inhibits 5a-Ieducta e , cruciferous 
vegetables that contain isothiocyanate sulfuraphane, retinoids such as 
Jycopcne (In pizza and tomatoes , and inhibitors of cholesterol bio 
synthesis. The antioxidant o-tocopherol (vitamin E) and elenium may 
also reduce risk. 

DIAGNOSIS AND TREATMENT BY CLINICAL STATE 
The clinical states framework considers the risk of morbidity from an 
enlarging but nonmalignant gland; the probability that a clinically sig 
nificant cancer is present in an individual with or without urinary 
symptoms; or, for those with a prostate cancer dlagnosl ; the proba 
bility of developing symptoms or dying from disease. At any point in 
time, a patient resides in one state and remains there until the disease 
ha progre.\ ed to the next state. Applying this paradigm a patient with 
localized pro tare cancer who bas had all cancer removed urgically 
remains in the state of localized disease as long as the PSA remains 
undetectable. The rime Within a state becomes a measure of the impact 
of an intervention on the natural history of disease be it benign or 
malignant in etiology, recognizing that the impact may not be asse s 
able fur year . lt also allow a distinction between cure-the elimi 
nation of all cancer cells, the primary therapeutic objective when tTeat 
ing mo t cancers-and cancer control, in which the tempo of the 
illness is modulated and symptoms controlled until the patient di of 
other causes. It is the concept of cancer control that makes the man- 
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544 Part V Oncology and Hematology 

agemeru of prostate cancer unique. Even when a recurrence is docu 
mented. immediate therapy is not always necessary. Rather, as at the 
time of diagnosi , the need for intervention is bu ed on th tempo of 
the illness as it unfolds in the individual relative lo the ri k.reward 
ratio of the therapy being considered. 

NO CANCER DIAGNOSIS • Symptoms The need to pursue a diagnosis of 
pro rare cancer is based on symptoms, an abnormal DRE, or an ele 
vated erum PSA. The urologic history hould focus on symptom of 
outlet ob tru tion, continence, potency, or a change in ejaculatory pat 
te.m. Benign proliferative di ease may produce h itancy, irnermiuent 
voiding, a dirnini hed stream, incomplete emptying, and postvoid 
leakage. The severity of these yrnptom: can be quanritated with the 
self-administered American Urological s ociati n (A A) Symptorn 
Index (Table 1-1) recognizing tha; the degree of symptoms does not 
always relate ro gland size. Re isiance to urine flow reduces bladder 
compliance, leading to nocturia, urgency, and, ultimately, 10 retention. 
I nfcction, tranquilizing drugs, anti hi tamines, or alcohol an precipi 
tate urinary retention, Prostatiti often produce pain or induration. 
Symptoms of meta uatic disease include pain secondary to osseous 
metastases, although many arc asyrnptomati despite extensi e spread, 
Les common are symptom related to marrow compromise (rnye 
lopmhl is), a coagulopathy, or. pinal cord compression. 

Physical Examination The DRE focu es on the size consistency, and 
abnormalirie within or beyond the gland. Many cancers occur in the 
peripheral zone and can be palpated on DRE. Carcinomas are char 
acreri tically hard. nodular, and irregular. while indurarion may be due 
10 benign prostmic hypertrophy (BPH or 10 calculi or rumor. Overall. 
20 10 25% of men with an abnormal DRE have cancer. 

PROSTATE-SPECIFIC ANTIGEI~ 
PSA i a kallikrein-like serine protease fhat causes liquefaction of em 
inal coagulum. lt is produced by both nonmalignant and malignant 
epithelial ·ells. PSA is pro tale pecific, not prostate cancer pecific, 
and incren ·e may occur from pro. tatili , nonmalignant enlargement 
of the gland {BPH), pro late cancer, nd prostate biop ies, The level 
i not affected by the performance of a DRE. It circulate in the blood 
as an inactive complex with the protease inhibitors a-1-antichymo 
trypsin and /3rmacroglobuJin and has an timated half-life in the 
serum of 2 to 3 day . Levels should be undetectable if the prostate has 
been removed. PSA irnmuno raining is used to establish a prostate 
cancer diagnosis. 

PSA testing was approved for early detection in 1994. lt is rec 
ommend on an annual ba is along with a DRE for men over age 50 

with an anticipated survival of >JO years; this includes men up to 
age 76 years . For African Americans and men with a family history, 
testing is advised 10 begin at age 40. The normal range of .PSA i O to 
4 ng/mL. For values >4, the sensitivity for prostate cancer detection 
i 57 to 79%, the pecificity i 59 to 6 %. and the po iuve predictive 
value i 40 10 499l. 

The PS -based riteria used to recommend a diagnostic pro tatc 
biop y have evolved over time. P.SA values may fluctuate for no ap 
parent reason; thus an isolated abnormal value should be confirmed 
before proceeding with further re ting. These evolving criteria aim 10 
increase the sen hiviry of the test for younger men more likely lo die 
of the disease and to reduce the frequency of detecting cancers flow 
malignant potential in elderly men more likely to die of oiher cau es. 
Age-specific reference ranges apply a lower "upper" limit of normal 
for younger male· and 'higher "upper" limil for older individuals. Dif 
ferent thre hold alter ensitiviry and spec.ifi i1y of detection. The 
t.breshold for performance of a biop y i now 2.6 ng/mL for men t)Jlder 
age 60. Prostate-specific antigen den ity (PSAD measurements were 
developed to correct for the co111ribution of BPH to the tot a.I PSA I eL 
PSAD i calculated by dividing the· erum P A by the es1irnated pro - 
Late weight calculated by tmn reclal ulu-asound (TRUS). Values <0.10 
are consi tent with DPH, while those >0.15 sugge.st can er; PSA ve 
/oc;ity is the rate of change in PSA level over time. lt is particularly 
useful C. r mea with value that are ri ing in the seemingly ·nonnal" 
range. Rates of rise >0.75 ng/rnL per year sugge t cancer. As an ex 
ample, an increa e from 2.5 10 3.9 in a 1-yenr period would wan-ant 
further testing. Free and complexed PSA measurement are used when 
levels are between 4 and 10 ng/mL to decide who needs a biop y. In 
cancer, the level of free PSA i lowt:r. The ratio of free to total, 
comple..xed to t ta!, and free 10 complexed PSA have al o been used. 
ln one erie . pccificity improved by 20% us.ing a normal range of 
free/1ot11l >0.15; cornplexed/101al <0.70; and free/complexed >0.25. 
A di:ignostic algorirhm based on the DRE and PSA findings is illus 
trated in Fig. 81-2. ln geoer.il, a biop y is recommended if the DRE 
or PSA are abnormal. 

Prostate Biopsy A diagno i of cancer i e tablisbed by II TR $-guided 
needle biopsy. Direct isualization a ures thu1 all areas of gland are 
ampled. A minimum of si -epara1e cores, three from the right and 

three from the left, are advi~ed. as is a separate biopsy of the transition 
zone. if clinically indicated. Performance of a biopsy is not advised in 
11 patient with prostatiili; until a course f antibiotic ha been admin 
i tered. The positive prcdiclive value of an :ihnoanal DRE is 21 %, 
while 25% of men with a PSA > 4 ng/mL nnd an abnom1al DRE, and 
J 7% of men with a PSA of 2.5 ro 4.0 ng/mL and normal DRE, have 
cancer. Those with an abnonnal PSA and negative biopsy are advised 
to undergo a repeat biopsy. 

TABLE 81-1 AUA System Index 

Questions ro Be Answered 

Over the pas1 month, how often you have had a sensation of not 
emptying your bladder completely after you finished 11rinating? 

Over the past month, how often have you had 10 urinate again less than 
2 h af1er you fini hed urinating? 

Over the past month, how often have you found you stopped and started 
again several times when you urinated? 

Over the past month, how ofte.n hnve you foun<l ii difficult to postpone 
urination? 

Over the past month. how often have you had a wealc urinary stream? 
Over the past month, how often have you had to push or strain to begin 
urination? 

Over the past monlh, how many times did you most typically get up to 
urinate from the time you went to bed al night until the time you got 
up in the morning? 

Sum of 7 circled nwnbcrs (AUA Symprom Scon:): -- 

AUA Symptom Score (Circle I Number on Each line) 

Less than I Less than About Half More than Afmosl 
flat ot Alf Time in 5 Half the Time the Time Half the time Always 

0 2 3 4 5 

0 2 3 4 5 

0 2 3 4 5 

0 2 3 4 5 

0 2 3 4 5 
0 2 3 4 5 

(None) (I time) (2 tim ) (3 times) (4 times (5 times) 

Note: AUA. American rological Association. Sourct: Barry MJ Cl al: J Urol 14 :1549. 1992. Used with pcm,ission. 



Abnonnal PSA Normal 
Positive 
Borderline 

! DRE annually PSA I 

1---- Total <4 
PSA velOcity >O. 75 

TRUS guided biopsy 

Annual DRE -'-PSA 

~ 

~ 

1----i PSA 4-10 

PSA > 10 f----• TRUS guided biopsy 

FIGURE 81-2 Algorithm for diagnostic evaluation of men based on digital rectal examination and prostate-specific antigen kveJs. 

Patbology The noninvasive proliferation of epithelial cells within 
ducts is termed prostatic intraepithelial neoplasla. PIN is a precursor 
of cancer, but not all PIN lesions develop into invasive cancers. Of 
the can ers identified, >95% are adenocarcinornas: the remaining are 
squamous, transitional cell tumors, and rarely, carcinosarcoma . Me 
tastases to the prostate are rare, but in some cases transitional cell 
rumors of the bladder or colon cancers invade the gland by direct 
extension. Each core of ibe biopsy is examined for the presence of 
cancer, and the amount of cancer present is quantified. measure of 
histologic aggressiveness is also assigned using the Gleason grading 
system, in which the dominant and secondary glandular hi tologic pat 
terns are scored from 1 {well differentiated Lo 5 (undifferentiated) and 
ummed lo give a total score of 2 to lO for each tumor. The most 
poorly differentiated area of tumor i.e .. the area with the highest hi - 
tologlc grade) often determines biologic behavior. The presence or 
absence of perineural inva ion and extracap ular pread are lso re 
corded. 

PSA-based detection traiegies have changed the clinical spectrum 
of the disease. Now. 95 to 99% of newly diagnosed cancers are clin 
ically Iocalized 40% are not palpable, and, of these, 70% are patho 
logically organ-confined. The downside of widespread u e j the de 
tection and treatment of cancer with such a low malignant potential 
that they would not have shortened survival or produced ymptoms 
during the patient' lifetime. The ide effects of treatment. including 
impotence, incontinence, and bowel dy function are unacceptable for 
these cases. Formal clinical trials to asse s the value of screening on 
pro tare cancer morbidity and mortality are ongoing. Until the results 
of these studies are available, men are advised to make an informed 
decision about whether to undergo testing. 

Prevention It i difficult to identify individuals who are at ri k for 
developing a cancer that i clinically significant. The Prostate Cancer 
Prevention Trial is a double-blinded, randomized multicenter trial de 
signed to investigate the ability offinasteride, a 5a-reductase inhibitor, 
10 prevent the development of prostate cancer in men age 2:55 years. 

The prostate cancer detection rate was 18.4% (803 of 4364) for finas 
teride and 24.4% (l147 of 4692 for placebo-treated men. However 
more of the cancers detected in the finasieride group were high-grade 
[S7% (280 of 757) v . 22% (237 of 1068 cancers) for the placebo]. 
o effect on survival was detected. Vitamin E and elenium (the SE 

LECT tudy) are al o being te ted as preventive agents. 

Treatment of Benign Disease Asymptomatic patient do not require treat· 
merit regardless of th size of the gland, while those with an inability 
to urinate gross hernaruria recurrent infection, or bladder stones may 
require surgery. Typically, ob trucrion does not occur and the ymp 
rom remain stable over time. 1n these ca: es, uroflowmetry can identify 
patients with normal flow rat who are unlikely to benefit from treat 
ment and those with high po tvoid residuals who may need other in 
tervention . Pressure-flow tudics detect primary bladder dysfunction. 
Cystoscopy i recommended if hernaturia i documented and to a se ~ 
the urinary outflow tract before surgery. Imaging of the upper tracts is 
advi ed for patients with hematuria, a history of calculi or prior uri 
nary tract problems. Therapies uch as finasteride which blocks the 
conversion of testo terone to dihydrotcstosrerone, have been hewn to 
decrease prostate ize, increase urine flow sates, and improve ymp 
tom • They will also lower baseline PSA level by 50%, an important 
consideration when using PSA to guide biop y recommendations. 
a-Ad.renergic blocker such as terazosin act by relaxing the smooth 
muscle of the bladder neck and increa ing peak urinary flow rates. o 
data show that these agents influence the progres ion of the disease. 
Surgical approachc include n transurethral resecti o of the pro t te 
TURP . transurethral incision, or removal of th • gland via a retro 
pubic, suprapubi or perinea! approach. TULIP (transurcthral ultra 
sound-guided laser-induced pro tatecromy . coils. tent , and hyper 
therrnia are al o utilized. 

PROSTATE CANCER STAGING The T M taging sy tern includes catego 
ries for can ers that are palpable on DRE. those identified solely on 
the ba .is of an abnormal PSA (Tlc), those that are palpable bill clin- 
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ically confined to the gland (T2), and tho e that have extended outside 
of the gland (T3 and T4) (Table 8 l-2). The ass sment of disca e 
extent based on DRE alone is inaccurate with respect to the extent of 
the disease within the gland, the presence or ab ence of cap ·ular in 
va ion. involvement of seminal vesicles, and exten i n of di ease to 
lymph nod . This led to a modification of the staging system lo in 
clude the re ulrs of imaging rudie on the a ignmenr of T stage. 
Unfortunately, no single test has proven to predict the pathologic stage 
accurately, be it the presence of organ-confined disea e erninal ves 
ical involvement, or lymph node spread. 

'fRUS is mo t frequently used co asses the primary tumor. but no 
consi tent finding predicts cancer with certainty. TRUS i used pri 
marily to direct pro rate biopsies. Computed tomography (CT) cans 
la k ensitiviry and pecificiiy to detect e trapro tatic extension and 
are inferior 10 magnetic resonance imaging (MRn in visualizarion of 
lymph nodes. 1Rl specificity is improved with an endorecral coil and 
aids in planning radiation therapy, Tl-weighted images d m n trate 
the pcriprostatic fat, peripro tatic venous plexus, perivesicular ti nrc , 
lymph nodes, and bone marrow. TI-weighted images demonstrate lite 
internal architecture of the prostate anti Cminal vesicles. Most cancers 
h ve a low signal. while the normal peripheral zone has a high signal, 
although the technique lacks sensitivity and pecificuy. 

Radionuclide bone scans are used to evaluate spread to os. eous 
sites. This t st i. sen itive but rel tively nonspe ific becau ·e are of 
increased uptake are not always related 10 metastatic di ease. Healing 
fractur , arthritis, Paget 's disease, and other conditions will also show 
abnormal uptake. True-po itive bone can result are rare if the PSA 
<8 ng/mL and uncommon hen the PSA < 10 ng/mL uul the 
tumor i high grade. When the P A <10 ng/mL, a po itive bone can 
is usually falsely po itive, which in tum, leads to additional low-yield 
testing. 

CLINICALLY LOCALIZED DISEASE Localized pro tatc cancers are linically 
confined to the pro tale. Patients with localized disea e are managed 
by radical surgery, radiation therapy, or watchful waiting. Data from 
the literature do not provide clear evidence for the superiority of any 
one treatment. Choice of therapy need con ideration of evernl fac- 

TABlE BJ·Z Comporison of Clinical Stoge by the TNM aassificotion 
System and ihe Whitmore-Jewett Staging System 

TNM Whitmore-Jewett 
Stage Oescrfprlon Stage Description 

Tia onpalpable, with 5% 9r Al Well differentiated 
less of rcsected ti UC tumor oo few chips 
with cancer from I lobe 

Lb onpalpablc, with >5% A2 Involvement more 
of resecfed tissue with diffuse 
cancer 

TJc Nonpalpable, detected 
due to elevated scrum 
1' 

T2a Palpable. half ofonc BIN Palpable, < one 
lobe or less lobe, surrounded 

by normal tissue 
T2b Palpable, > tialf of one Bl Palpable. < one Jobe 

Jobe but not both lobe 
rae Palpable, involv both B2 Palpable, one entire 

lobes lobe or both Iobes 
T3 Palpable, unilateral Palpable, outside 

e tracapsular extension capsule, not into 
seminal vesicle 

T3b Palpable, bilateral 
exrracapsular extension 

T3c Tumor invades seminal C2 Palpable, seminal 
vesiclefs) vesicle involved 

MT Distant metastases D Metastatic disease 

Source: Ad pied from FF Schroder er al: TNM classification of prostalC cancer. Prostate 
( uppl) 4:129, 1992; ond American Joint Commincc on Cnncer. 1992. 

tors: the presence of ymp1om , 1he probability lhal the untreated tu 
mor will adversely affect the patient dunng his lifetime and thus 
require treatment, and vhether the tumor can be cured by single-mo 
dali1y therapy directed at the pro t te or requires both local and sys 
temic rherapy t.o achieve cure. A most of the tumors detected are 
deemed linicsll ignifi ant, mo t men undergo treatment. 

om paring the outcome. of various fom1 of therapy is limited by 
tbe lack of pro pective trials, referral bias, and diffcren es in the out 
com used. Tbe primary outcomes are cancer control and trcatmenl 
related morbidities. The e benchmark of uccei or failure vary by 
rnodaliry. Oflen, PSA relapse-free. urvival is used becau e an effect 
on met tntic progres ·ion or u.rvival m, y not be apparent for year . 
Based on a half-life in the blood of3 day , PSA should be undetectable 
in the blood 4 \ eeks after all pro~tate Ii sue has been removed by 
radical surgery. If P A remain. di:lectable, the patient · on idered 
to have persistent disease. In ·onrrast, the PSA doe not become un 
deteciablc after radiarion thi:rupy becau e tbe remaining nonmalignant 
elements of the gland continue to produce PSA even if all cancer cell 
ha c been eliminated. Similarly, there is no adequate cancer control 
definition for a patient treated wirh watchful waiting because PSA 
levels will continue to rise in the ab ·cnci: of therapy. Ocher outcomes 
are 1J1e 1i1u1: to objt:1.:rivt: prugres ·ion (local or ystemJc) and cancer 
pccific and overall ,urvival: however, tbese outcomes may tukc year 
l define. 

The more advanced the di ea e, the lower the probability of local 
control and the higher the probability of sy temic relapse. More im 
portant is ,hat within the cmegorie of Tl, TI, and T3 disease are 
rumors with a rang of prognose . me T3 tumot are curable wi1J1 
therapy directed olely at the prostruc, and ome Tl lesions have a 
high probability of y temi relapi,c that requires the integration of 
local and y temic therapy to achieve cure. TI c tumors particularly 
require the u e of orher factors to predict outcome and sele t treat 
ment. Many groups have developed progno ti models ba ed on a 
combination of the initial T ~tage, Glea on core. and baseline PSA. 
Some are based n discrete cut point• (P A <IO or 2: I 0; Glea on 
score of s6, 7. or 2:8). Other are nomogrnms that use PSA and 
Glea on score as continuous variables. Thi:se algorithms are used to 
predict diseas extent: organ confined v ·. nonorgnn confined, node 
negative or po itive, nd the probability of ucc u ing o. PSA-ba.sed 
definition of failure specific to the local therapy under consideration. 
Exactly whm cut-off value would lead a patient to accept one form of 
thernpy vs. another i an :.v-ea of active debate. One nomogrnm to 
predict PSA relapse-free urvival following radical surgery is illus 
trated in Fig. 81-2. Specifi nomogrnm have been developed for rad 
ical pro 1atectomy, external-beam radiation therapy. and brachyther 
apy (seed implantation). The·e arc being refined continually to 
incorporate other clinical parameters and biologic detc.nninams. Sur 
gical technique, radiation therapy delivery, and crireria for watchful 
waiting continue to be refined and improved; the year treatment was 
given affects outcome independent of other factors. The improve 
ments make treatment decisions a dynamic process . 

The frequency of adver e e ems for the di ffercnt rnodaliti 
highly variable. Of greatest concern 10 patients are the effect on on 
tinence, sexual potency, and bowel function. Part of the variabiliry 
relate to the definition u ed for a pecific complication and \ hether 
the patient or phy i ian i reporting the event. ln ontinence figure 
range from 2% to 47% and impotence rates range from 25% to 8991 
following rodical prostate tomy. The time of the ass sment is al o 
important. After surgery, impotence i immediate but may reverse over 
time, while with radiation thenpy, impotence i not immediate but 
may develop over time. 

Radical Retropubic ProstatHtomy (RRP) TI1e goal of nidical pro 1acec- 
1omy i to exci e the cancer completely with a clear margin, to main 
tain continence by pre erving the external sphincter. and to preserve 
potency by sparing the autonomic nerves in the neurovascular bundle. 
RRP 1s advised for patient with a life expectancy of> 10 years and 
i performed using a rerropubic, perinea!, or laparoscopic approach. 



Outcomes can be predicted using postoperative nornograms that coo 
ider pretreatment factors and the pathologic findings at surgery . PSA 
failure i defined as a detectable value of 0.2 or 0.4 ng/mL, although 
the exact definition var ies among series. The techn ique cont inue to 
.impro e as the ability LO localize !he tumor within or beyond the pros 
tate are refined with diffe.renl biopsy algorithms and with imaging. The 
result is better case selection and surgical planning, which in tum have 
led 10 more rapid re overy and higher rates of continence and potency. 
Factors sociated with incontinence include older age, shorter urethra 
length, surgical technique, preservation of neurovascular bundles, and 
development of an anastomotic stricture. Surgical experience is also a 
factor, In one eries. 6% of patient had mild ·tres urinary inconti 
nence (SUO (requiring l pad/day), 2% moderate SUI (> l pad/day , 
and 0.'.3% severe SUl (requiring an artificial urinary sphincter). At l 
year, 92% ere completely continent. Jn contrast, the result in a Med 
icare population treated at multiple center hewed that t , 12, and 
_4 months following surgery, 58 -, and 42 wore pad in their 
underwear, and 24 I!, and 15% reported ·'a. lot" of urine leakage. 
Factors associated with recovery of erectile function include younger 
-a,ge. quality erection before surgery, and the ab ence of damage to 
!be neurovascular boodles. Brectile function returns in a median of 4 
10 6 months if both bundles are pre erved. Paten is reduced by half 
at least one nerve bundle i sacrificed. In cases here cancer control 

requires the removal of both bundle sural nerve graft~ are being ex 
ored. Overall, with the availability of drugs such as sildenafil, in 
urethral inserts of alprosiadil, and lnrracavernosal injections of va 

R>dilators, many paii nts recover satisfactory sexual function. 
High-risk patients are tho e with a predicted high probability of 

'&ilure with surgery alone based on pretreatment factors. fn these il 
ions, nomograrns and predictive models can only go so far. Exactly 
r probability of success or failure would lead a physician 10 rec 

JJIJl!Tlend and a patient to eek alternative approaches is controversial. 
Far example it may be appropriate lo recommend radical surgery for 

ounger patient with a low probability of cure. To improve the out 
tomes of urgery for high-ri k patients, neoadjuvant hormonal therapy 

been explored. The result of several large trials testing 3 or 8 
ths of androgen ablation before surgery shov ed that erum PSA 
ls decreased by 96% prostate volumes reduced by 34%, nod mar- 

- positivity rates declined from 41 to 17%. nforrunately, hormones 
not produce an improvement in PSA relapse-free survival. Thus, 
djuvnnt hormonal therapy is not recommended, 

·on Therapy Radiation therapy is given by external beam, the 
larnation of radioactive ources into the gland. or a combination 
both. Contemporary external beam radiation techniques now use 
-dirnensional conformal treatment plans 10 maximize the admin 

dose to tlie tumor and lo minimize the expo ure of the ur 
ing normal structures. The addition of intensity modulation 
T) has allowed further shaping of the i odo c curves and the 
ery of higher doses ro the tumor and a further reduction in normal 
e exposure. These advance have allowed the safe administration 

doses >80 Gy. higher local control rates and fewer side effects. 
l, radiation therapy is associated with n higher frequency of 

el complications (mainly diarrhea than surg ry. Measures of can 
control include the proportion of paricnt who show a decline in 
to <0.5 or I ng/mL, the proportion with "nonri ing"PSA values, 

lhe proportion with a negative biopsy of the prostate '2 years after 
pletion of treatment. PSA relapse i defined as three consecurive 

- _ PSA values from the nadir value, with the time to failure as the 
int between the nadir nnd first rising value. 

Radiation dose is important. A PSA nadir of < 1.0 ng/mL was 
ed in 90% of patients receiving 75.6 or 81.0 Gy v . 76 and 56% 

mo e receiving 70.Z Gy and 64.8 Gy, respectively. The po itive 
rate at 2.5 years were 4% for those treated with 'I Gy, v . 36 

7% for those receiving 70.2 or 75.6 Gy. The frequency of rectal 
lications relates directly to the volume of the anterior rectal wall 

· ing full-dose treatment. Grade 3 rectal or urinary toxicities were 
in 2.J % of cases at a median dose of 75.6 Gy. Grade 3 urethral 
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strictures requiring dilatation developed in l % of cases, all of whom 
had undergone a TURP. Pooled data show that the frequency of grade 
3 to 4 toxicities is 6.9 and 3.5%, respectively, for patients who received 
>70 Gy. The frequency of erectile dy function i related to the quality 
of erections pretreatment, the do. e administered, and the time of as- 
essment. The etiology is related 10 a disruption of rhe vascular upply 
and not the nerve fibers. 

eoadjuvant hormone therapy has al o been tudied in combine 
tion with radiation therapy to increa ·e local control rates, decrease the 
size of the prostate so that the exposure of normal tissues to full-do e 
radiation is reduced, and decrease the rate of ystemic failure. hon 
term hormone exposures can reducetoxiciti and improvelocal con 
trol rates, but long-term (2 to 3 years) treatment is needed to prolong 
the time to PSA failure and the development of metastatic disease. The 
impact on survival has been le.ss clear. 

Brachyrherapy involves the direct implantation of the pro rate with 
radioactive sources. It is based on the principle that the deposition of 
radiation energy in ti sues decreases exponentially a a funcrion of the 
square of the distance from the source. The goal is to deliver intensive 
irradiation 10 the pro tare, rninimizing the exposure of the surrounding 
tissues. Techniques have evolved from inrraoperative manual in ertion 
methods to the current standard, in which customized templates based 
on CT and ultrasonograpbic as e sment of the tumor are u ed for seed 
placement based on computer-optimized dosimetry to achieve more 
homogeneous dose distributions. 111e implants themselves are now 
performed cnm perineally, without an o_pea procedure, with real-time 
imaging. The result i a marked reduction in local failure rate wi1h 
fewer complications. ln a series of 197 patients followed for a median 
of3 years, 5-year actuarial PSA relapse- ree survival for patients with 
pretherapy PSA levels of Oto 4, 4 to 10, and> 10 µ.g/ml ~ ere 98, 
90 and 89%, respectively. In a eparate report of 201 patients who 
underwent posttreatment biop ie , 80% were negative. 17% indeter, 
minate, and 3% were positive. The resUltS did not change with longer 
follow-up. evenheles , many physiciaosfeel that implantation i best 
reserved for patients with good or intermediate prognostic features. 
'The procedure i well tolerated althougll most patien~ perieace 
urinary frequency and urgency that can per ist for several months. 
Incontinence has been seen in 2 to 4% of cases. Righer complication 
rntes are observed !n patients \Vho hnve undergone n prior TURP or 
who have obstructive symptoms ar baseline. Proctitis has be.ea reported 
in <2% of patients. 

Watchful waiting, or deferred therapy, is a policy of no therapeutic 
intervention(s) until the tumor progres es. Progression can be based 
on PSA changes local tumor growth, rhe development of ymptom , 
or metastadc disease. The practice evol ed from tudles of predomi 
nantly elderly men with well-differentiated tumors in whom clinically 
ignificant progression could not be demon lrated for protracted pe 
riod during which a significant proponion died o intercurrent dis 
ease. lrt a structured literature review of patients treated by radical 
urgcry, a deferred approach, or external beam radiation. the I 0-year 
mean survivals were 93% for .radical pro tatectomy, 84% for deferred 
treatment, aod 74% fore temal beam Tadiation. Risk of progression 
was related to grade. Men with grade 1 or 2 umors llad a I % risk of 
death and 19% risk of metastases at 10 y1:ars; those with grade 3 
tumors had 63 and 14% risks, respectively. 

Case selection is criti al, and the criteria to select lhos to whom 
watchful wailing can be applied safely are under inten e study. ln a 
recent pro talectomy series, ii was e ti mated that IO to J 5% of patients 
.had 'insignificant" cancer . Given the multifocality of the disease, a 
concern is the limited ability to predict pathologic findings on the basis 
of a needle biopsy, even when multiple cores are obtained. Arguing 
against this approach is the result of a randomized trial of radical 
prostatectomy vs. watchful waiting from Sweden. With a median fol 
low-up of 6.'2 years. men treated by radical surgery had a lower ri ·k 
of prostate cancer death relative to watchful waiting patient (4.6 v . 
8.9%) and a lower risk of metastatic progrcs ion. hazard ratio .63. 
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FIGURE 81-3 Sites of action of different hormone therapies. 

cverthele , it can be anticipated that more patient may be candi 
dates for a deferr d approach as PSA testing i applied more widely 
and earlier. 

RISING PSA This state includes patients in whom the sole manifesta 
tion of di ease i.! a rising PSA after surgery and/or radiation therapy. 
By definition, no evidence of disea e is found n can. For these pa 
tients the central is ue Is whether the rise in PSA is the result of per- 
i tent disease in the primary site, a iernic recurrence, or both. In 
theory, disease that persi ts or ha recurred in the primary ite may be 
curable by additional local treatment. For patients who had undergone 
surgery. the question is whether external beam radiation therapy to the 
prostate bed can eliminate the di ease and lead 10 an undetectable PSA. 
For radiation therapy-treated patients, the question i whether a pro - 
t tectomy would achieve cure. 

TI1e decision to recommend radiation therapy i often made on 
clinicnl grounds. as imaging tudies uch as CT and bone can are 
typically uninformative. Some recommend a Prostascint can: imaging 
with a radiolabeled antibody to prostate-specific membrane antigen 
(PSMA). which i highly expressed on pro tare epithelial cells. Anu 
body localization to the prostauc fos. a uggest local r currence; lo 
calization to extrapelvic sites predicts failure of radiation therapy. Oth 
ers recommend that a biop y of the urethrovesical anastamosis be 
obtained before considering radiation. Factor that predict for rcspon e 
to salvage mdiation are a positive surgical margin, a lower Gleason 
grade, a long interval from urgery 10 PSA failure, a slow PSA dou 
bling time. and a low (<0.5 to 1.0 ng/mL) PSA value nt the time of 
treatment, Radiation i generally not recommended if the PSA wa 
persistently elevated after surgery (indicating that disease-free unus 
was not achieved), 

For patients with a rising PSA after radiation therapy, a salvage 
prostatectomy can be con idered if the di ease was "curuble" at the 
onset, persistent disea e has been documented by a biopsy of the pro - 
late, and no metastatic disease is een on imaging rudies. Unfortu 
nately, case selection ls poorly defined in m st series, and morbidities 
are ignificaru. As currently performed, virtually all patients are im 
potent, and -45% have either total urinary incontinence or stress in 
continence. Major bleeding, bladder neck contra lures, and rectal in 
Jury arc not uncommon. 

Ln the majority of cases. the rise in PSA indicates ysternic disease. 
In these cases, the need for treatment should con ider the probability 
of developing clinically dere table disease on can and in what time 
frame. That immediate therapy is not required was shown in a series 
where patients did not receive systemic therapy until metastatic disease 
wa documented. Overall, the median time to meta tatic progression 
was 8 years and 63% of the patients with rising PSA valu remained 

free of meta lases at 5 years. Factors a ociated 
with progression include Gleason grade, time 
to recurrence. and PSA doubling times. For 
those with Gleason grade 2:8 tumors, the prob 
ability of metastatic progression was 37 51, 
and 71% at 3, 5, and 7 years, respectively. lf 
the time to recurrence was <2 years and PSA 
doubling time was long (> IO months), the 
proportion with metastatic disease was 23, 32, 
and 53% vs. 47, 69, and 79% if the doubling 
time was short ( < IO months) during the sam; 
time intervals. These model continue to be re 
fined. A difficulty making these predictions is 
that mo t patients with a rising PSA receive 
ome form of therapy before the development 
of metastases. 

METASTATIC DISEASE: NONCASTRATE Metastatic 
disease 11011cas1ra1e refers to patients with ru 
mors visible on an imaging rudy and noncas 
trate levels of testosterone. The patient may be 
newly diagnosed or have recurrent disease after 
treatment for localized disease. Standard treat- 

ment is m block androgen action or decrease androgen production by 
medical or surgical mean . Over 90% of male hormones originate in 
the testes; <10% arc synthesized in the adrenal gland. Surgical or 
chiectomy is the "gold standard" approach but is least acceptable by 
patients. Medical therapie · can be divided into those that lower tes 
tostcrone levels, e.g., gonadotropin-releasing hormone (GnRH) ago 
nists and antagonists, estrogen and progesratlonal agents, and the an 
tiandrogens that bind to the androgen receptor but do not signal (Fig. 
81-3). Ketoconazole inhibits adrenal androgen synthesi and is used 
after first-line castration is no longer effective. 1n this setting, the ad 
renal gland may contribute up to 40% of the a live androgen in the 
prostate. 

GnRH analogues (leuprolide acetate and goserelin acetate) initially 
produce a ri e in luteinizing hormone and follicle-stimulating hormone 
(.FSH) followed by a downregulation of receptor in the pituitary 
gland, which effects a chemical casrrauon. They, ere approved on the 
basi of randomized comparisons hewing an improved afety profile 
( pecifically, reduced cardiovascular toxicities) relative to diethylstil 
bestrol (DES). with equivalent potency. The initial rise int tosterone 
may result in a clinical flare of the di case. As such, these agents are 
contraindicated in men with signif ant obstructive symptom , cancer 
related pain, or spinal cord compromise. Estrogens uch as DES aJ o 
lower testosterone levels but nave fnllen out of favor due to the risk 
of vascular complications such as fluid retention, phlebitis, emboli, 
and stroke. 

In contrast, nonsteroidal antiandrogens such as flutamide, bicalu 
tarnide. or nilutamide block the binding of androgens to the receptor. 
Given alone, testosterone levels re.main the . ame or increase. These 
agents were appro ed initially to block the flare a ociared with the 
initial ris e in re to terone that results following GnRH administration. 
They have also been studied as part of a combined androgen blockade 
(CAB) or maximal androgen blockade (MAB) and as monotherapy. 
The concept of CAB was developed to inhibit testicular and adrenal 
androgens at the outset, and it preoccupied the field for maay years. 
It i achieved clinically by combining an antiandrogen with a GnRH 
agonist or surgical orchiectomy. Cumulative results of randomized 
comparisons involving thousands of patien showed no advantage for 
combining an antiaodrogen with surgical orchiectomy, while separate 
analyses of trials combining an antiandrogen with a GnRH analogue 
have hown a modest (<10%) survival advantage. Meta-analy i of 
all combined androgen blockade trial concluded that tl1ere was no 
benefit to the approach. lo practice, most patients treated with GnRH 
analogue therapy receive an antiandrogen for the fir~t 2 to 4 weeks f 
treatment. 

The anti-prostate cancer effect of agent that lower serum testos- 



level are similar, and the clinical course is predictable: an 
response, a period of stability in which the cells are dormant 

not proliferating, followed by regrowth after a variable period of 
as a hormone-independent rumor. Androgen ablation i not cu 
Cells that survive castration are present when the disease is first 

- _ sed. Considered by disease manifestation, PSA level return to 
in 60 to 70% of cases and measurable di ease regression occurs 

!i>%; while improvements in bone can occur in 25~ of cases, the 
ity remain stable. Survival is inversely proportional to disease 
. gents that lower testosterone are associated with an androgen 

- atioo syndrome that includes hot flu he , weakness, fatigue, im 
' lo of muscl mass, changes in personality, anemia depres 

and a reduction in bone density. The bone changes can be 
ted by treatment with bisphosphooates long with vitamin D 

calcium supplementation. 
question often asked i whefher antiandrogens, which are as o 
with fewer hot flashes, le of an effect on libido, less muscle 
g, fewer personality changes, and less bone los , can be used 
ithout compromising outcome . Gynccomastia remains a sig 
problem but can be alleviated in part with the addition of 

· en. Most reported randomized trials suggest that the cancer 
- c outcomes are inferior. Even a comparison of bicalurarnide, 
mg (three times the recommended dose of 50 mg) versus urgical 

· on showed a shorter time ro progression and inferior urvival 
patients wuh establi bed metastatic disease. Nevertheless, some 
may accept the trade-off of a potentially inferior cancer outcome 
Improved quality of life. 

.Another question is whether hormones should be given early, in 
.:adjuvant setting or a1 the time recurrence i first documented, or 
when metastatic di ease or symptoms are manifest. Trials in sup 
of early therapy have often been underpowered relative to the 'net 
t" reported OJ have been criticized on methodologic grounds. In 
although a survival benefit was shown for patients treated with 
· on therapy and 3 years of androgen ablation relanve to radiation 
the trial was criticized for the poor outcomes for the control 
Another showing a survival benefit for patients with positive 
randomized to medical or urgical castration compared to ob- 
ion (p = .02) was criticized because the confidence intervals 
lhe5- and 8-year survival distributions overlapped between the 

youps. A large randomiz.ed study comparing early to late hor 
treatment (orchiectomy or GnRH analogue) in patients with lo 

- advanced or asymptomatic mera tatic disease showed that pa 
treated early were less likely to progre from MO lo MI disease, 

pain, and die of prostate cancer. Thi trial was criticized be 
therapy was delayed "too Jong" in the late-rreatrnent group. 
patients treated by radical surgery, radiation therapy, or watchful 
were randomly assigned 10 receive bicalutamide, 150 mg, or 
. hormone treatment produced a significant reduction in the 
· on of patients who developed os eou rneiastase a1 2 years 
bicalutarnide; 13.8% for placebo . This result has not gained 
ce in part because too many "good-risk' patients were treated 
use no effect on survival was demonstrated. These criticisms 

·d; however, the net influence on survival from early hormone 
tion is similar to that observed in patients with breast cancer 

adjuvanr hormonal therapy is routinely given. 
er way to reduce the side effects of androgen ablation i to 

• er hormones on an intermittent basis. Thi was proposed as a 
JO prevent the emergence of ca tration-resistant cells by "forcing" 

that survive androgen ablation into a normal differentiation 
y by repleting testo terone, Theoretically, urviving cells that 
wed 10 proliferate in the presence of androgen will retain sen 

J to androgen ablation. The duration of treatment varies from 2 
month beyond the point of maximal re ponse. Once therapy is 

, endogenous testo ierone levels increase. and the yrnptorn 
· ed with androgen ablation abate. PSA levels also begin to rise, 
some level, androgen ablation is restarted. Using this approach, 
cycles of regression and proliferation have been documented 

idual patients. It is unknown whether the intermittent approach 
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increases, decreases, or does not change the overall duration of sensitivity 
to androgen ablation. A trial to address this question is ongoing. 

METASTATIC DISEASE: CASTRATE Castration-resistant disea e can be man 
iFC$L .in many ways. For some it is a rise in PSA with no change in 
radiographs and no new yrnptoms. 1n others, il is a ti ing PSA and 
progression in bone. with or without symptoms of disease. Still other 
will how soft ti ue di ease with or without osseous metastases, and 
others have a pattern of isceral spread. The prognosis, highly variable 
can also be predicted using nomograms designed for this cohort. The 
important distinction i that despite the failure of first-line hormone 
treatment, the majority of these tumors remain sensitive to second 
and third-line hormonal treatments. Ca tration resistance doe not in 
dicate hormonal resi lance. The ri ing PSA is an indication of contin 
ued signaling through the androgen receptor axis. 

TI1e manifestations of disease in this patient group hinder the de 
velopment of drugs and treatment tandardr because the traditional 
measures of outcome such as tumor regression do not apply. o PSA 
based outcomes are true surrogates fora urvival benefit, and asses ing 
changes in o seou disease using bone scans is notoriously inaccurate. 
It is essential to define therapeutic objectives before initiating treat 
ment. as standard of care have changed on the basis of randomized 
comparisons that provide clinical benefits without prolonging life. 
These endpoints include the relief of yrnptoms and delaying metas 
tases or the time to the development of new symptoms of di case. 

The management or these patients requires first that the castrate 
status be documented. Patierus receiving an antiandrogen alone who 
have elevated levels of erum testosterone should be treated fi.rst with 
a GnRH analogue or orclticclomy and observed for response. Patients 
on an anti-androgen in combination wjth a GnRH analogue hould 
have the antiandrogen discontinued, as -30%will respond to the with 
drawal of tbe antiandrogen. Any response occurs within weeks of stop 
ping flutrunide, but may take 8 Lo 12 weeks with nllutamide and bi 
caluJamide (they have a long tenninal jialf-life). At the time of 
progression, a different antiandrogen can be given as the e agents are 
not cross-re i tant. Other hormones that may be active include estro 
gens, progestins, ketoconazole, and glucocoriicoids. Those who re 
spond to eslrogen.s or progestins should also he evaluated for a wi1b 
drawal response at the Lime of progres ion. Cytotoxic agents are 
considered when hormone responses stop. 

No chemotherapy regimen has been proven to prolong life in these 
patients. However, responses to chemotherapy thar improve symptom 
control are not uncommon. Drugs directed at the tumor cell cy10 kel 
eton such esrramu, tine (Erncyt) and a taxane such as paclitaxe1 or 
doceiaxel can induce responses in zj0% using measurable dl ease 
regression a the endpoint. Seventy percent will show a> 50% decline 
in PSA from baseline. Studies evaluating ucvival effects are ne.arly 
done. 

Managemeot of pain is a critical part of therapy. Optimal paUiation 
requires assessing whether the symptoms and metastase are focal or 
dlffu e and whether disease threatens the spinal cord, the nuda equina, 
or the base of the skull. Neurologic symptom require emergent eval 
uation becau e loss of function may be pemianent if not addressed in 
a timely manner. Single sites of pain or areas of neurologic involve 
ment are best ueatcd with external beam radiation. A.s the disease is 
often diffu c, palliation ar one ite often lead to the emergence of 
symptoms at another. An important principle of mam1gement was es 
tablished in two randomized trials of mitoxantrone and prednisone vs. 
predni one alone. In both tudies, mitoxantrone-Lreated patients had a 
grearer reduction in pain, used fewer narcotics, were more mobile, and 
bad les fatigue. o survival benefit was hown. 

Given the bone-dominant nature of pro tale cancer pread, bone 
directed therapie may be usesful in patieots with diffuse di ease. Two 
bone- eek.ing radiol otopes, li'JSr (metastron) and t Sm-EDTMP 
(quadramet), arc approved for palliation of pain although they bave 
no effect on PSA or on urvival. Fewer patients treated with an isotope 
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developed new area of pain or required additional radiation therapy 
compared to patients receiving external beam radiation therapy alone. 
Addition of zoledronare to "standard therapy" in patients with ca tra 
tion-resistanr disease resulted in fewer skeletal events relative to pla 
cebo-treated patients. The bone events included development of new 
pain, need for radiation therapy, and microfractures. Finally, patients 
randomly assigned to a combination of 89Sr and doxorubicin after in 
ducation chemotherapy had fewer skeletal events and longer survival 
than patients treated with doxorubicin alone. Confirmatory studies are 
ongoing. 
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82 TESTICULAR CANCER 
Robert J. Motzer, George J. Bost 

Primary germ cell tumors (GCTs) of the testis, arising by the malignant 
transformation of primordial germ cells, constitute 95% of all testicular 
neoplasms. Infrequently. GCTs arise from an extragonadal site, in 
cluding the mediastinum, retroperitoneum, and, very rarely, the pineal 
gland. This disease is notable for the young age of the afflicted pa 
tients, the totipotent capacity for differentiation of the tumor cells, and 
its curability; about 95% of all newly diagnosed patients will be cured. 
Experience in the management of GCTs leads to improved outcome. 
INCIDENCE AND EPIDEMIOLOGY Nearly 9000 new cases of testicular GCT 
were diagnosed in the United States in 2004; the incidence of this 
malignancy has increased slowly over the past 40 years. The tumor 
occurs most frequently in men between the ages of 20 and 40. A 
testicular mass in a man ~50 years should be regarded as a lymphoma 
until proved otherwi e. GCT is at least four to five time more common 
in white than in African-American males, and a higher incidence has 
been observed in Scandinavia and New Zealand than in the United 
States. 

ETIOLOGY AND GENETICS Cryptorchidism is as ociated with a severalfold 
higher risk of GCT. Abdominal cryptorchid testes are at a higher risk 
than inguinal cryptorchid teste . Orchiopexy should be performed be 
fore puberty, if possible. Early orchiopexy reduces the risk of GCT 
and improves the ability to save the testis. An abdominal cryptorchid 
testis that cannot be brought into the scrotum should be removed. 
About 2% of men with GCTs of one testis will develop a primary 
tumor in the other testis. Testicular feminization syndromes increase 
the risk of testicular GCT, and Klinefelter's syndrome is associated 
with media tinal GCT. 

An isochromosome of the short arm of chromosome 12 [i( I 2p )] is 
pathognomonic for GCT of all histologic types. Excess 12p copy num 
ber either in the form of i(J 2p) or as increased 12p on aberrantly 
banded marker chromo omes occurs in nearly all GCTs, but the 
gene(s) on I 2p involved in the pathogene is are not yet defined. 

CLINICAL PRESENTATION A painless testicular mas is pathognomonic for 
a testicular malignancy. More commonly, patients present with testic 
ular discomfort or swelling suggestive of epididymitis and/or orchitis. 
ln this circumstance, a trial of antibiotics is reasonable. However, if 
symptoms persist or a residual abnormality remains, then testicular 
ultrasound examination is indicated. 

Ultra ound of the testis is indicated whenever a testicular malig 
nancy is considered and for persistent or painful testicular swelling. If 
a testicular mass is detected, a radical inguinal orchiectomy should be 
performed. Because the testis develops from the gonadal ridge, its 
blood supply and lymphatic drainage originate in the abdomen and 
descend with the testi into the scrotum. An inguinal approach is taken 
to avoid breaching anatomic barriers and permitting additional path 
ways of spread. 

Back pain from retroperitoneal metastase is common and must be 
distinguished from musculoskeletal pain. Dyspnea from pulmonary 

metasta e occurs infrequently. Patient with increased serum levels 
of human chorionic gonadotropin (hCG) may pre ent with gyne o 
mastia. A delay in diagnosis is associated with a more advanced stage 
and possibly worse survival. 

The staging evaluation for GCT includes a determination of serum 
level of er fetoprotein (AFP), hCG. and lactate dehydrogenase (LDH). 
After orchiectomy, a che t radiograph and a computed tomography 
(CT) scan of the abdomen and pelvi should be performed. A chest 
CT scan is required if pulmonary nodules or mediastinal or hilar dis 
ease is su peeled. Stage I disea e i limited to the te ti . epididyrnis. 
or sperrnatic cord. Stage II disease is limited to retroperitoneal (re 
gional) lymph nodes. rage III disca e is disease outside the retro 
peritoneum, involving supradiaphragrnatic nodal site or viscera. TI1e 
staging may be "clinical't-c-defined solely by physical exarninati n, 
blood marker evaluation, and radiographs-or "pathologic" -defined 
by an operative procedure. 

The regional draining lymph nodes for the testis are in the retro 
peritoneum, and the vascular supply originates from the great vessels 
(for the right testis) or the renal ves els (for the left testis). As a result, 
the lymph nodes that are involved first by a right testicular tumor are 
the interaortocaval lymph node just below the renal ves els. For a left 
testicular tumor, the first involved lymph nodes are lateral to the aorta 
(para-aortic) and below the left renal vessels. In both cases, further 
nodal spread is inferior and contralateral and, less commonly, above 
the renal hilum. Lymphatic involvement can extend cephalad to the 
retrocrural, posterior mediasiinal, and supraclavicular lymph nodes. 
Treatment is determined by tumor histology ( eminoma versus 11011- 
scminoma) and clinical stage (Table 82-1 ). 

PATHOLOGY GCTs are divided into nonseminoma and serninorna sub· 
types. Nonseminomatous GCTs are most frequent in the third decade 
of life and can di play the full pectrum of embryonic and adult cellular 
differentiation. Thi entity comprise four histologies: ernbryonal car 
cinoma. teratoma, choriocarcinoma, and endodennal inu (yolk sac) 
tumor. Choriocarcinoma. consisting of both cytotrophoblasts and syn 
cytiophoblasis, represents malignant trophoblastic differentiation and 
is invariably associated with secretion of hCG. Endodermal sinus tu· 
mor is the malignant counterpart of the fetal yolk sac and is a sociated 
with secretion of AFP. Pure embryonal arcinoma may secrete AFP 
or hCG, or both; this pattern i biochemical evidence of differentiation. 
Teratoma is composed of omatic cell types derived from 11 o or more 
germ layers (ectoderm, mesoderm, or endodenn). Each of these his 
tologies may be present alone or in combination with other . on ern 
inomatous GCTs tend to metastasize early to sites such as the 
retroperitoneal lymph nodes and lung parenchyma. One-third of pa· 
tients present with di ease limited to the te ti ( tage I), one-third with 
retroperitoneal meta tase (stage II). and one-third with more ex1en ,ve 
supradiaphragmaric nodal or visceral mctasta es (stage JIJ). . 

Seminoma represent about 509. of all GCTs. ha a median ag~ 1~ 
the fourth decade. and generally follows a more indolent cl1n; 
course. Most patients (70'½:) present with stage I disease. about 2 t 
with stage II disease. and l 0'.lt with stage rn disease: lung or otht; 
vi~ceral meta ta es are rare. Radiation therapy is the 1rea1rnent 0 
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nancy, and 20% nondiagnostic or yielding 
insufficient material for diagnosis. Char 

eristic features of malignancy mandate 
surgery. A diagnosis of follicular neoplasm 
also warrants surgery, as benign and malig 
nant lesions cannot be distinguished based 
on cytopathology or frozen section. The 
management of patients with benign le 
sions is more variable. Many authorities ad 
vocate TSH suppression, whereas others 
monitor nodule size without suppression. 
With either approach, thyroid nodule siz.e 

uld be monitored, either by palpation or 
ultrasound. Repeat FNA is indicated if a 
nodule enlarges, and a second biopsy 
should be performed within 2 to 5 years to 
confirm the benign status of the nodule. 

Nondiagnostic biopsies occur for many 
reasons, including a fibrotic reaction with 
relatively few cells available for aspiration, 
a cystic lesion in which cellular compo 
nents reside along the cyst margin, or a 
nodule that may be too small for accurate 
aspiration. For these reasons, ultrasound 
guided FNA is useful when the FNA is re 
peated. Ultrasound i also increasingly 
used for initial biopsies in an effort to enhance nodule localization 
and the accuracy of sampling. 

The evaluation of a thyroid nodule is stressful for most patients. 
They are concerned about the possibility of thyroid cancer, whether 
verbalized or not. It is constructive, therefore, to review the diag- 

tic approach and to reassure patients when malignancy is not 
found. When a suspicious lesion or thyroid cancer is identified, an 
explanation of the generally favorable prognosis and available 
treatment options should be provided. 

Solitary or suaplclous 
nodule• 

Thyroid scan "Hot" nodule 

"Cold" or 
._ _, indeterminate 

'--....---' 

Normal TSH Low TSH Ablate, resect, 
or Rx medically 

Repeat bx 
ConslderUS 
guidance 

Repeat bx 
Inadequate 

surgery If further growth or suspicious cytology 

FIGURE 320-13 Approach to the patient with a thyroid nodule. *There are many exceptions 10 the suggested 
options. See text and references for details. •About one-third of nodules are cystic or mixed solid-cystic. US, 
ultrasound; TSH, thyroid-stimulating hormone; FHA, fine-needle aspiration. 
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DISORDERS OF THE ADRENAL CORTEX 
Gordon H. Williams, Robert G. Dluhy 

adrenal cortex produce three major classes of steroid : (1) glu 
rticoids, (2) mineralocorticoids, and (3) adrenal androgens. Con 

uently, normal adrenal function is important for modulating 
ediary metabolism and immune responses through glucocorti 

. ; blood pressure, vascular volume, and electrolytes through min- 
ocorticoids· and secondary sexual characteristics (in females) 
ugh androgens. The adrenal axis plays an important role in the 
respon e by rapidly increasing cortisol levels. Adrenal disorders 

lude hyperfunction (Cushing's syndrome) and hypofunction (ad 
insufficiency), as well as a variety of genetic abnormalities of 
idogenesis. 

SIDOID NOMENCIATURE The basic structure of steroids is built upon a 
e-ring nucleus (Fig. 321-1). The carbon atoms are numbered in a 

nee beginning with ring A. Adrenal steroids contain either 19 or 
I carbon atom . The C,9 steroids have methyl groups at C-18 and C- 

19. C19 steroids with a ketone group at C-17 are termed 17-ketoste 
; C19 steroids have predominantly androgenic activity. The Ci1 
ids have a 2-carbon side chain (C-20 and C-21) attached at po- 

• 'on 17 and methyl groups at C-18 and C-19; Ci, steroids with a 
droxyl group at position 17 are termed 17-hydroxyconicosteroids. 
½i teroids have either glucocorticoid or mineralocorticoid prop- 

2 

3 

16 
15 

Basic steroid nucleus 

18 

C-19 steroid C-21 steroid 

17-Ketosterold 17-Hydroxycorticosteroid 

FIGURE 321-1 Basic steroid structure and nomenclature. 
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BIOSYNTHESIS OF ADRENAL SilROIDS Cholesterol, derived from the diet 
and from endogenous synthesis, is the substrate for steroidogenesis. 
Uptake of chole terol by the adrenal cortex is mediated by the low 
den ity Lipoprotein (LDL) receptor. With long-term stimulation of the 
adrenal cortex by adrenoconicotropic hormone (ACTH), the number 
of LDL receptors increases. The three major adrenal biosynthetic 
pathways lead to the production of glucocorticoids (cortisol), min 
eralocorticoids (aldo terone), and adrenal androgens (dehydro 
epiandrosterone). Separate zones of the adrenal cortex synthesize 
specific hormones (Fig. 321-2). This zonation is accompanied by the 
selective expression of the genes encoding the enzymes unique to the 

formation of each type of steroid: aldosterone synthase is normall 
expressed only in the outer (glornerulosa) ceU layer, whereas 21- 
17-hydroxylase are expressed in the (inner) faciculata-reticulari 
layers, which are the sites of cortisol and androgen bio ynthe is, 
spectively. 

SilROID TRANSPORT Cortisol circulates in the plasma as free co · 
protein-bound cortisol, and cortisol metabolites. Free cortisol i 
physiologieaUy active hormone that is not protein-bound and theref 
can act directly on tissue sites. Normally, <5% of circulating co · 
is free. Only the unbound cortisol and its metabolites are filterable 
the glomerulus. increased quantities of free steroid are excreted in 
urine in states characterized by hypersecretion of cortisol, because 

Mlneralocortlcold 
pathway 
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pathway 
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pathway 
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FIGURE 321-2 Biosynthetic pathways for adrenal steroid production; major pathways to mineralocorticofds, glucocorticolds, 
and androgens. 3/3-HSD, 3/3-hydroxysteroid dehydrogenase. 



unbound fraction of plasma cortisol rises. Plasma has two cortisol 
binding system . One is a high-affinity, low-capacity ~-globulin 
termed transcortin or cortisol-binding globulin (CBG), and the other 
i a low-affinity, high-capacity protein, albumin. Cortisol binding to 
CBG is reduced in areas of inflammation, thus increasing the local 
concentration of free cortisol. When the concentration of cortisol is 
>700 nmol/L (25 µg/dL), part of the exces binds to albumin, and a 
greater proportion than usual circulates unbound. CBG is increased in 
high-estrogen states (e.g., pregnancy, oral contraceptive administra 
tion). The rise in CBG is accompanied by a parallel rise in protein 
bound cortisol, with the result that the total plasma cortisol 
concentration is elevated. However, the free cortisol level probably 
remains normal and manifestations of glucocorticoid excess are ab- 
nt. Most synthetic glucocorticoid analogues bind less efficiently to 

CBG (-70% binding). This may explain the propensity of some syn 
thetic analogues to produce cushingoid effects at low doses. Cortisol 
metabolites are biologica11y inactive and bind only weakly to circu 
lating plasma proteins. 

Aldo terone is bound to proteins to a smaller extent than cortisol, 
and an ultrafiltrate of plasma contains as much as 50% of circulating 
aldosterone. 
5nR01D METABOLISM AND EXCRETION • Glucocorticolds The daily secre 
tion of cortisol ranges between 40 and 80 µmol ( 15 and 30 mg; 8-10 
mg/m2), with a pronounced circadian cycle. The plasma concentration 
of corti ol is determined by the rate of secretion, the rate of inactiva 
tion, and the rate of excretion of free corti ol. The liver is the major 
organ responsible for steroid inactivation. A major enzyme regulating 
cortisol metabolism is 11,8-hydroxysteroid dehydrogenase (11,8- 
HSD). There are two isoforms: I lf:3-HSD I is primarily expressed in 
the liver and acts as a reductase, converting the inactive cortisone to 
the active glucocorticoid, cortisol; the 11,8-HSD Il isoform is ex 
pressed in a number of tissues and converts cortisol to the inactive 
metabolite, cortisone. Mutations in the / / BHSD I gene are associated 
with rapid cortisol turnover, leading to activation of the hypothalamic 
pituitary-adrenal (HPA) axi and excessive adrenal androgen produc 
tion in women. In animal models, excess omental expression of 
11,8-HSD I increases local glucocorticoid production and is associated 
with central obe ity and in ulin resi tance. The oxidative reaction of 
I 1,8-HSD I is increased in hyperthyroidism. Mutations in the 
I/BHSD2 gene cau e the syndrome of apparent mineralocorticoid 
excess, reflecting insufficient inactivation of cortisol in the kidney, 
allowing inappropriate cortisol activation of the mineralocorticoid re 
ceptor (see below). 
lll•eralocorticolds In individuals with normal salt intake, the average 
daily secretion of aldosterone ranges between 0.1 and 0. 7 µ.mol (50 

250 µ.g). During a single pas age through the liver, >75% of 
circulating aldosterone is normally inactivated by conjugation with 
glucuronic acid. However, under certain conditions, such as congestive 
failure, thi rate of inactivation is reduced. 
Mrenal Androgens The major androgen secreted by the adrenal is de 
bydroepiandrosterone (DHEA) and its sulfuric acid ester (DHEAS). 
Approximately 15 to 30 mg of these compounds is secreted daily. 
Smaller amounts of androstenedione, 11/3-hydroxyandrosteoedione, 
aod testosterone are secreted. DHEA is the major precursor of the 
urinary 17-ketosteroids. Two-thirds of the urine 17-ketosteroids in the 
male are derived from adrenal metabolites, and the remaining one 
lbird comes from testicular androgens. In the female, almost all urine 
l7-keto teroids are derived from the adrenal. 

Steroid diffuse passively through the cell membrane and bind to 
ellular receptors (Chap. 317). Glucoconicoids and mineralocor 

licoids bind with nearly equal affinity to the mineralocorticoid receptor 
). However, only glucocorticoids bind to the glucocorticoid re 

ceptor (GR). After the steroid bind to the receptor, the steroid-receptor 
plex is transported to the nucleus, where it binds to specific sites 

oo steroid-regulated genes, altering levels of transcription. Some ac 
of glucocorticoids (e.g., anti-inflammatory effects) are mediated 

by GR-mediated inhibition of other transcription factors, such as ac- 
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tivating protein-I (AP-1) or nuclear factor kappa B (NFKB), which 
normally stimulate the activity of various cytokine genes. Because 
cortisol binds to the MR with the same affinity as aldosterone, min 
eralocorticoid specificity is achieved by local metabolism of cortisol 
to the inactive compound cortisone by 11,8-HSD II. The glucocorticoid 
effects of other steroids, such as high-dose progesterone, correlate with 
their relative binding affinities for the GR. Inherited defects in the GR 
cause glucocorticoid resistance states. Individuals with GR defects 
have high levels of cortisol but do not have manifestations of hyper 
cortisolism. 

ACTH PHYSIOLOGY ACTH and a number of other peptides (lipotropins, 
endorphins, and melanocyte-stimulating hormones) are processed 
from a larger precursor molecule of 31,000 mol wt-proopiomelan 
ocortin (POMC) (Chap. 318). POMC is made in a variety of tissues, 
including brain, anterior and posterior pituitary, and lymphocytes. The 
constellation of POMC-derived peptides secreted depends on the tis 
sue. ACTH, a 39-amino-acid peptide, is synthesized and stored in ba 
sophilic cells of the anterior pituitary. The N-terminal 18-amino-acid 
fragment of ACTH has full biologic potency, and shorter N-terminal 
fragments have partial biologic activity. Release of ACTH and related 
peptides from the anterior pituitary gland is stimulated by corticotro 
pin-releasing hormone (CRH), a 41-amino-acid peptide produced in 
the median eminence of the hypothalamus (Fig. 321-3). Urocortin, a 
neuropeptide related to CRH, mimics many of the central effects of 
CRH (e.g., appetite suppression, anxiety), but its role in ACTH reg- 

Stress 
Circadian (physical, emotional, 
regulation hypoglycemia) '\ r< ,,, 

Neurotransmitters; 
/ peptides 

Hypothalamic corticotropin 
releasing center 

(5) 

Epinephrine 
Norepinephrine 

FIGURE 321-3 The hypothalamic-pituitary-adrenal axis. The main sites for feedback 
control by plasma cortisol are the pi!IJitary gland (!} and the hypothalamic corticotro 
pin-releasing center (2). Feedback control by plasma cortisol also occurs at the locus 
coeruleus/sympathetic system (3) and may involve higher nerve centers (4) as well. 
There may also be a short feedback loop invoMng Inhibition of corticotropin-releasing 
hormone (CRH) by adrenocorticotroplc hormone (ACTH) (S). Hypothalamic neurotrans 
mitters influence CRH release; serotoninergic and cholinergic systems stimulate the 
secretion of CRH and ACTH; a-adrenergic agonists and y-amlnobutyric acid (GABA} 
probably inhibit CRH release. The opioid peptides ,8-endorphin and enkephalin inhibit, 
and vasopressin and angiotensin II augment, the secretion of CRH and ACTH. /3-LPT, 
.B-lipotropin; POMC, pro-opiomelanocortin; LC, locus coeruleus; NE, norepinephrine. 
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e 
Mediators of inflammation 
(eicosanoids, serotonin, 

PAF, bradykinln) 

Inflammatory 
cytoklnes (IL-1a, 
IL-1 J3, IL-6, TNF) 

FIGURE 321-4 The immune-adrenal axis. Cortisol has anti-Inflammatory properties 
that include effects on the mnrovasculature, cellular actions, and the suppression of 
Inflammatory cytokines (the so-called Immune-adrenal axis). A stress such as sepsis 
increases adrenal secretion, and cortisol In turn suppresses the Immune response via 
this system. - , _suppression; +, stimulation; CRH, ccrtlrotmpin-releasmq hormone; 
ACTH, adrenocerttrotropic hormone; IL, Interleukin; TNF, rumor necrosis factor; PAF, 
platelet activating factor. 

ulation i · unclear. Some related peptides such as ,B-lipotropin (,B-Ll7f) 
are released in equimolar concentrations with ACTH, suggesting that 
they arc cleaved enzymaticaUy from the parent POMC before or during 
the secretory proce . However. ,B-endorphin levels may or may not 
correlate with circulating level of ACTH, depending on the nature of 
the stimulus. 

The major factors controlling ACTH release include CRH, the free 
conisol concentration in plasma, tress, and the sleep-wake cycle (Fig. 
321-3). Plasma ACTH varies during the day as a result of its pulsatile 
secretion, and follows a circadian pattern with a peak just prior to 
waking and a nadir before leeping. If a new sleep-wake cycle is 
adopted, the pattern changes over several days to conform to it. ACTH 
and cortisol levels al o increase in response to eating. Stress (e.g., 
pyrogens, surgery, hypoglycemia, exercise, and severe emotional 
trauma) causes the release of CRH and arginine vasopressin (A VP) 
and activation of the sympathetic nervous system. These changes in 
tum enhance ACTH release, acting individually or in concert, For 
example, A VP release acts synergistically with CRH to amplify ACTH 
ecretion; CRH also stimulates the locus coeruleus/sympathetic sys- 

tern. Stress-related secretion of ACTH abolishes the circadian 
iciry of ACTH levels but is, in turn, uppressed by prior high 
glucoconicoid administration. The normal pulsatile. circadian 
of ACTH release is regulated by CRH; this mechanism is the 
open feedback loop. CRH secretion, in tum, is influenced by h 
Jamie neurotransmitters including the erotoninergic and choli 
pathways. The immune system also influences the HPA axi (Fig. 321 
4). For example, inflammatory cytokines [tumor necrosis f 
(TNF)-a, interleukin (JL) I a, JL-1,B, and IL-6) produced by monoc 
increase ACTH release by timulating secretion of CRH and/or A 
Finally, ACTH release is regulated by the level of free cortisol 
plasma. Corti ol decreases the responsivene of pituitary corti 
cells to CRH; the response of the POMC mRNA to CRH is also · 
hibited by glucocorticoids, In addition, glucocorticoids inhibit the 
cus coeruleus/sympathetic system and CRH release. The 
servomechani m establishes the primacy of cortisol in the control 
ACTH secretion. The suppression of ACTH secretion that results 
adrenal atrophy following prolonged glucocorticoid therapy is ca 
primarily by uppression of hypothalamic CRH release, as exog 
CRH administration in thi circumstance produces a rise in pl 
ACTH. Cortisol also exerts feedback effects on higher brain cc 
(hippocarnpus, reticular system, and septum) and perhaps on the 
renal cortex (Fig. 321-4 ). 

The biologic half-life of ACTH in the circulation is <IO min. 
action of ACTH is also rapid; within minutes of its release, the 
centration of teroids in the adrenal venous blood increases. A 
stimulates steroidogenesis via activation of adenyl cyclase. Aden · 
3',5'-monophosphate (cyclic AMP), in tum, stimulates the yo 
of protein kinase enzymes, thereby resulting in the phosphorylatioo 
protein that activate steroid biosynthe is. 

RENIN-ANGIOTENSIN PHYSIOLOGY Renin is a proteolytic enzyme that 
produced and stored in the granules of the juxtaglomerular cells 
rounding the afferent arterioles of glomeruli in the kidney. Rcnin 
on the basic substrate angioten inogen (a circulating a2-globulin 
in the liver) to form the decapeptide angiotensin I (Fig. 321-5). 
gioten in I is then enzymatically transformed by angiotensin-con 
ing enzyme (ACE), which is present in many tis ues (particularly 
pulmonary vascular endothelium), to the octapeptide angioten in ll 
the removal of the two C-terminal amino acids. Angiotensin 11 is 
potent pressor agent and exerts its action by a direct effect on an · 
smooth muscle. In addition, angiotensin n stimulates production 
aldosterone by the zona glomerulosa of the adrenal cortex; the 
tapeptide angiotensin m may also stimulate aldosterone prod 
The two major classes of aogioteosin receptors are termed ATJ 
AT2; ATI may exist as two subtypes a and /3. Mot of the effi 
angiotensins Il and mare mediated by the ATI receptor. Angi 
sinases rapidly destroy angiotensin Il (half-life, - I min), while 
half-life of renin is more prolonged (IO to 20 min). In addition 
circulating renin-angioten in, many tissue have a local reoin- 

tensin system and the ability to produce 
tensin Il. These tissues include the u 
placenta, vascular tis ue, bean, brain, and, 
ticularly, the adrenal cortex and kidney. 
though the role of locally generated aogiot 
n is not established, it may modulate tbe 
and function of the adrenal cortex and 
mooth muscle. 
The amount of renin released reflects 

combined effect of four interdependent 
The juxtaglomerular cells, which are 
ized myoepithelial ccU that cuff the affi 
arterioles, act as miniature pressure traosd 
sensing renal perfusion pres ure and 
ponding changes in afferent aneriolar 
sion pressures. For example, a reduction 
circulating blood volume leads to a co 
ing reduction in renal perfusion pressure 

Circulating blood 
~volume~ 

Renal ~ Renal Na Renal 
potassium retention perfusion 

I \ / Catecholamines excretion pressu;e 

( 

Aldosterone Juxtaglomerular 
release calls ' 

\ 
Anglotensinogen / "- 

Potassium j Macula densa 
balance Anglotensln II • R/ release 'feedback" 

Converting enzyme / ~ Angiotensin J 

FIGURE 321-5 The interrelationship of the volume and potassium feedback loops on aldosterone secretion. 
Integration of signals from each loop determines the level of aldosterone secretion. 



afferent arteriolar pressure (Fig. 321-5). This change is perceived by 
the juxtaglomerular cells as a decreased stretch exerted on the afferent 
arteriolar walls, and the juxtaglomerular cells release more renin into 
the renal circulation. This results in the formation of angiotensin I, 
bich is converted in the kidney and peripherally to angiotensin Il by 

ACE. Angiotensin 11 influences sodium homeostasis via two major 
anisms: it changes renal blood flow so as to maintain a constant 
erular filtration rate, thereby changing the filtration fraction of 

IOdium, and it stimulates the adrenal cortex to release aldosterone, 
Increasing plasma levels of aJdosterone enhance renal sodium reten 
• and thus result in expansion of the extracellular fluid volume, 
,mich, in tum, dampens the stimulus for renin release. In this context, 
lie renin-angiotensin-aldosterone system regulates volume by modi 
fying renal hemodynamics and tubular sodium transport. 

A second control mechanism for renin release is centered in the 
ula densa cells, a group of distal convoluted tubular epithelial cells 
y opposed to the juxtaglornerular cells. They may function as 
oreceptors, monitoring the sodium (or chloride) load presented 

the distal tubule. Under conditions of increased delivery of filtered 
ium to the macuJa densa, a signal is conveyed to decrease juxta 
erular cell release of renin, thereby modulating the glomerular 
ion rate and the filtered load of sodium. 

The sympathetic nervous system regulates the release of renin in 
nse to assumption of the upright posture. The mechanism is either 

direct effect on the juxtaglornerular cell to increase adenyl cyclase 
·vity or an indirect effect on either the juxtaglomerular or the macula 

cells via vasoconstriction of the afferent arteriole. 
Finally, circulating factors influence renin release. Increased di 

intake of potassium decreases renin release, whereas decreased 
ium intake increases it, The significance of these effects is un 

. Angiotensin II exerts negative feedback control on renin release 
is independent of alterations in renal blood flow, blood pressure, 

aldo terone secretion. Atrial natriuretic peptides also inhibit renio 
. Thus, the control of renin release involves both intrarenal 
r receptor and macuJa densa) and extrarenal (sympathetic ner 

system, potassium, angiotensin, etc.) mechanisms. Steady-state 
levels reflect all these factors, with the intrarenal mechanism 

The division of adrenal steroids into glu 
iooids and mineralocorticoids is arbitrary in that most glucocor 

ids have some mineralocorticoid-like properties. The descriptive 
glucocorticoid is used for adrenal teroids whose predominant 

is on intermediary metabolism. Their overall actions are di 
at enhancing the production of the high-energy fuel, glucose, 

reducing all other metabolic activity not directly involved in that 
. Sustained activation, however, results in a pathophysiologic 

e.g., Cushing's syndrome. The principal glucocorticoid is cor 
(bydrocortisone). The effect of glucocorticoids on intermediary 
lism is mediated by the GR. Physiologic effects of glucocor 

. include the regulation of protein, carbohydrate, lipid, and nu 
acid metaboli m. Glucocorticoids raise the blood glucose level 

onizing the secretion and actions of insulin, thereby inhibiting 
ral glucose uptake, which promote hepatic glucose synthesis 

genesis) and hepatic glycogen content. The actions on pro 
metabolism are mainly catabolic, resulting in an increase in pro 
breakdown and nitrogen excretion. ln large part, these actions 
a mobilization of glycogenic amino acid precursors from pe- 
supporting structures, such as bone, skin, muscle, and con 

. e tissue, due to protein breakdown and inhibition of protein 
is and amino acid uptake. Hyperaminoacidemia also facilitates 
genesis by stimulating glucagon secretion. Glucocorticoids 

directly on the liver to stimulate the synthesis of certain enzymes, 
as tyrosine aminotransferase and tryptophan pyrrolase. Gluco 

"ds regulate fatty acid mobilization by enhancing the activation 
ular lipase by lipid-mobilizing hormones (e.g., catecholamines 

pituitary peptides). 
The actions of cortisol on protein and adipose tissue vary in dif- 
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ferent parts of the body. For example, pharmacologic doses of cortisol 
can deplete the protein matrix of the vertebral column (trabecular 
bone), whereas long bones (which are primari ly compact bone) are 
affected only minimally; similarly, peripheral adipose tissue mass de 
creases, whereas abdominal and interscapular fat expand. 

Glucocorticoids have anti-inflammatory properties, which are prob 
ably related to effects on the microvasculature and to suppression of 
inflammatory cytokines. In this sense, glucocorticoids modulate the 
immune response via the so-called immune-adrenal axis (Fig. 321-4). 
This "loop" is one mechanism by which a stress, such as sepsis, in 
creases adrenal hormone secretion, and the elevated cortisol level in 
tum suppresses the immune response. For example, cortisol maintains 
vascular responsiveness to circulating vasoconstrictors and opposes 
the increase in capillary permeability during acute inflammation. Glu 
cocorticoids cause a leukocytosis that reflects release from the bone 
marrow of mature cells as well as inhibition of their egress through 
the capillary wall. Glucocorticoids produce a depletion of circulating 
eosinophils and lymphoid tissue, specifically T cells, by causing a 
redistribution from the circulation into other compartments. Thus, cor 
ti ol impairs cell-mediated immunity. Glucocorticoids also inhibit the 
production and action of the mediators of inflammation, such as the 
lymphokines and prostaglandins. Glucocorticoids inhibit the produc 
tion and action of interferon by T lymphocytes and the production of 
IL-1 and IL-6 by macrophages. The antipyretic action of glucocorti 
coids may be explained by an effect on IL-I, which appears to be an 
endogenous pyrogen (Chap. 16). Glucocorticoids also inhibit the pro 
duction of T cell growth factor (IL-2) by T lymphocytes. Glucocorti 
coids reverse macrophage activation and antagonize the action of 
migration-inhibiting factor (MlF), leading 10 reduced adherence of 
macrophages to vascular endothelium. Glucocorticoids reduce pros 
taglandin and leukotriene production by inhibiting the activity of phos 
pholipase A2, thus blocking release of arachidonic acid from 
pho pholipids. Finally, glucocorticoids inhibit the production and in 
flammatory effects of bradykinin, platelet-activating factor, and sero 
tonin. It is probably only at pharmacologic dosages that antibody 
production is reduced and Jysosomal membranes are stabilized, the 
latter effect suppressing the release of acid hydrolases. 

Cortisol levels respond within minutes to stress, whether physical 
(trauma, surgery, exercise), psychological (anxiety, depression), or 
physiologic {hypoglycemia, fever). The reasons why elevated gluco 
corticoid levels protect the organism under stress are not understood, 
but in conditions of glucocorticoid deficiency, such stresses may cause 
hypotension, shock, and death. Consequently, in individuals with ad 
renal insufficiency, glucocorticoid administration should be increased 
during tress . 

Cortisol has major effects on body water. It helps regulate the ex 
tracellular fluid volume by retarding the migration of water into cells 
and by promoting renal water excretion, the latter effect mediated by 
suppression of vasopressin secretion, by an increase in the rate of 
glornerular filtration, and by a direct action on the renal tubule. The 
consequence is to prevent water intoxication by increasing solute-free 
water clearance. Glucocorticoids also have weak mineralocorticoid 
like properties, and high doses promote renal tubular sodium reab 
sorptionjmd increased urine potassium excretion. Glucocorticoids can 
also influence behavior, emotional disorders may occur with either an 
exce s or a deficit of cortisol. Finally, cortisol suppresses the secretion 
of pituitary POMC and its derivative peptides (ACTH, tJ-endorphin, 
and ,B-LPT) and the secretion of hypothalamic CRH and vasopressin . 

MINERALOCORTICOID PHYSIOLOGY MineraJocorticoids modify function in 
two classes of cells-epithelial and nonepithelial. 

Effects on Epithelia Classically, mineralocorticoids are considered ma 
jor regulators of extracellular fluid volume and are the major deter 
minants of potassium metabolism. These effects are mediated by the 
binding of aldosterone 10 the MR in epithelial cells, primarily the prin 
cipal cells in the renal cortical collecting duct. Because of its electro- 
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chemical gradient, sodium passively enters these cells from the urine 
via epithelial sodium channels located on the luminal membrane and 
is actively extruded from the cell via the Na/K-activated A TPase ("so 
dium pump") located on the basolateral membrane. The sodium pump 
also provides the driving force of potassium loss into the urine through 
potassium-selective lurninal channels, again assisted by the electro· 
chemical gradient for potassium in these cells. Aldosterone stimulates 
alJ three of these processes by increasing gene expression directly (for 
the sodium pump and the potassium channels) or via a complex pro 
cess (for epithelial sodium channels) to increase both the number and 
activity of the sodium channels. Water pas ively follows the trans 
ported sodium, thus expanding intra- and extravascular volume. 

Because the concentration of hydrogen ion is greater in the lumen 
than in the cell, hydrogen ion i also actively secreted. Mineralocor 
ticoid al o act on the epithelium of the salivary ducts, weat glands, 
and gastrointestinal tract to cause reab orption of sodium in exchange 
for potassium. 

When normal individuals are given aldosterone, an initial period 
of sodium retention is followed by natriuresis, and sodium balance is 
reestablished after 3 to 5 days. As a result, edema does not develop. 
This proces is referred to as the escape phenomenon, signifying an 
"escape" by the renal tubules from the odium-retaining action of al 
dosterone. While renal hemodynamic factors may play a role in the 
escape, the level of atrial natriuretic peptide also increases. However, 
it is important to realize that there is no escape from the potassium 
losing effects of mineralocorticoids. 

Effect on Nonepltllelial Cells The MR has been identified in a number 
of nonepithelial cell , e.g., neurons in the brain, myocytes, endothelial 
cells, and vascular smooth-muscle cells. lo these cells, the actions of 
aldosterone differ from those in epithelial cells in several ways: 
I. They do not modify sodium-potassium homeostasis. 
2. The groups of regulated genes differ, although only a few are 

known; for example, in nonepithelial cell , aldo terone modifie 
the expression of several collagen genes and/or genes controlling 
tissue growth factors, e.g., transforming growth factor (TGF) /3 
and plasminogen activator inhibitor, type I (PAJ-1). 

3. In ome of the e tissues (e.g., myocardium and brain), the MR is 
not protected by the 11/3-HSD n enzyme. Thus, cortisol rather 
than aldosterone may be activating the MR. in other ti sues (e.g., 
the vasculature), 11/3-HSD II is expressed in a manner similar to 
that of the kidney. Therefore, aldosterone i activating the MR. 

4. Some effects on nonepithelial cell may be via nongeoomic mech 
anisms. These actions are too rapid-occurring within I to 2 min 
and peaking within 5 to JO min-to be considered genomic, sug 
gesting that they are secondary to activation of a cell-surface re 
ceptor. However, no cell-surface MR has been identified, raising 
the possibility that the same MR i mediating both genomic and 
nongenomic effects. Rapid, nongenomic effects have also been 
de cribed for other steroid including estradiol, progesterone, thy 
roxine, and vitamin D. 

5. Some of these tissues-the myocardium and vascuiature-may 
also produce aldosterone, although thi theory is controversial. 

Regulation of Aldosterone Secretion Three primary mechanisms control 
adrenal aldosterone secretion: the renin-angiotensin system, potas 
sium, and ACTH (Table 321- I). Whether these are also the primary 
regulatory mechanisms modifying nonadrenal production is uncertain. 
The renin-angioteosin system controls extracellular fluid volume via 
regulation of aldosterone secretion (Fig. 321-5). In effect, the rerun 
angiotensin system maintains the circulating blood volume constant 
by cau ing aldo terone-induced sodium retention during volume de 
ficiency and by decreasing aldosrerone-dependent sodium retention 
when volume is ample. There is an increasing body of evidence in 
dicating that some tissues, in addition to the kidney, produce angio 
tensin II and may participate in the regulation of nldosterone secretion 
either from the adrenal or extraadrenal sources. Intriguingly, the ad- 

TABLE 3Zl-l Factors Regulating Aldosterone Bfosynthtsls 
Factor Effect 

Renin-angiocensin system 
Sodium ion 
Potassium ion 

CW'OIJ'anSm ittcrs 
Dopamine 
Serotonin 

Pituitary hormones 
ACTH 
Non-ACTH pituitary hormones 
(e.g., growth honnone} 
~Eodorphin 
.,,..Melanocyte-stimula1ing 
hormone 

Alrial narriuretic peptide 
Ouabein-like f'actor5 
E.ndochelin 

Stimulation 
lnhibition (?physiologic) 
Stimulation 

lnhibition 
Stimulation 

Stimulation 
Pmnissi ve (for optimal 
sodium restriction) 

Stimulation 
Permissi ve 

Inhibition 
Inhibition 
Stimulation 

Note: ACTH, edreoocorticotrop ic hormcoe, 

renal itself i capable of synthesizing angiotensin Il. What role(s) 
extrarenal production of angiotensin II plays in normal physiology 
still largely unknown. However, the ti ue renin-angiotensin 
activated in utero in respon e to growth and development and/or 
in life in response to injury. 

Potassium ion directly stimulates aldosterone secretion, · 
dent of the circulating renin-angiotensin sy tern, which it su 
(Fig. 321-5). In addition to a direct effect, potassium also 
aldo terone secretion indirectly by activating the local renin-angi 
sin system in the zona glomerulosn. This effect can be blocked by 
administration of ACE inhibitors that reduce the local production 
angiotensin TI and thereby reduce the acute aldosterone res 
potassium. An increase in serum potassium of as little a 0.1 m 
increases plasma aldosterone levels under certain circumstances. 
potassium loading therefore increases aldosterone secretion, pl 
levels, and excretion. 

Physiologic amounts of ACTH srimulate aldosterone 
acutely, but this action i not u tained unle s ACTH is adrni · 
in a pul atile fashion. Most studies relegate ACTH to a minor role 
the control of aldo terone. For example, subjects receiving high 
glucocorticoid therapy, and with presumed complete supp · 
ACTH, have normal aldosterone secretion in response to sodium 
striction. 

Prior dietary intake of both potassium and sodium can alter 
magnitude of the aldosterone response to acute stimulation. This 
results from a change in the expression and activity of aldos 
synthase. Increasing potassium intake or decreasing sodium · 
sensitizes the re poose of the glomerulosa cells to acute timul 
by ACTH, angiotensin Il, and/or potassium. 

Neurotran millers (dopamine and serotonin) and some 
such as atrial natriuretic peptide, -y-melanocyte-stimulating 
(-y-MSH), and {3-endorphin, also participate in the regulation or 
dosterone secretion (Table 321-1 ). Thus, the control of aldos 
secretion involves both stimulatory and inhibitory factors. 

ANDROGEN PHYSIOLOGY Androgens regulate male secondary 
characteri tic and can cause virilizing symptoms in women ( 
44). Adrenal androgens have a minimal effect in males whose 
characteristics are predominately determined by gonadal teroids~ 
to terone). In females, however, several androgen-like eff 
sexual hair, are largely mediated by adrenal androgens. The p · 
adrenal androgens are DHEA, androstenedione, and l l-hydror 
drostenedione. DHEA and androstenedione are weak and.rag 
exert their effects via conversion to the potent androgen test 
in extraglandular tissue . DHEA also has poorly understood efli 
the immune and cardiovascular ystems. Adrenal androgen fo 
is regulated by ACTH, not by gonadotropin . Adrenal andro 
uppressed by exogenous glucocorticoid admini tration. 
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lABORATORY EVALUATION Of ADRENOCORTICAL FUNCTION 
A basic assumption is that measurements of the plasma or urinary level 
of a given steroid reflect the rate of adrenal secretion of that steroid. 
However, urine excretion values may not truly reflect the secretion 
rate because of improper collection or altered metabolism. Plasma lev 
els reflect the level of secretion only at the time of measurement. The 
plasma level (PL) depends on two factors: the secretion rate (SR) of 
the hormone and the rate at which it i metabolized, i.e., its metabolic 
clearance rate (MCR). These three factors can be related as foUows: 

PL = SR or SR = MCR X PL 
MCR 

llOOD LEVELS • Peptides The plasma level of ACTH and angiotensin 
U can be measured by immunoas ay techniques. Basal ACTH ecre 
tion hows a circadian rhythm, with lower levels in the early evening 
lhan in the morning. However, ACTH is ecreted in a pul a tile manner, 
leading to rapid fluctuations superimposed on this circadian rhythm. 
Angiotensin II levels also vary diurnally and are influenced by dietary 
sodium and potassium intakes and posture. Both upright posture and 

ium restriction elevate angiotensin 11 levels. 
Mo t clinical determinations of the renin-angiotensin ystern, how 

ever, involve measurements of peripheral plasma renin activity (PRA) 
in which the reoin activity is gauged by the generation of angiotensin 
I during a standardized incubation period. This method depend on the 

nee of sufficient angiotensinogen in the plasma as substrate. The 
generated angiotensin I is measured by radioimmunoassay. The PRA 

ds on the dietary sodium intake and on whether the patient is 
ambulatory. In normal human , the PRA show a diurnal rhythm char 

rized by peak values in the morning and a nadir in the afternoon. 
An alternative approach i to measure plasma active renin, which is 

ier and not dependent on endogenous substrate concentration. PRA 
111d active renin correlate very well on low-sodium diets but less well 
on bigb-sodium diets. 

Ids Cortisol and aldosterone are both ecreted episodically, and 
el vary during the day, with peak values in the morning and low 
els in the evening. In addition, the plasma level of aldo terone, but 
of cortisol, is increased by dietary potassium loading, by sodium 
icrion, or by assumption of the upright posture. Measurement of 
ulfate conjugate of DHEA may be a useful index of adrenal an 
en secretion, as little DHEA sulfate is formed in the gonads and 
use the half-life of DHEA sulfate i 7 to 9 h. However, DHEA 
ate levels reflect both DHEA production and sulfatase activity. 

IE LEVELS For the asses ment of glucocorticoid ecretion, the urine 
-hydroxycorticosteroid assay ha been replaced by measurement of 

free conisol. Elevated levels of urinary free cortisol correlate 
tale of hypercortisoli m, reflecting changes in the levels of un 
' physiologically active circulating corti ol. ormally, the rate 

excretion is higher in the daytime (7 A.M. to 7 P.M.) than at night 
P.M. LO 7 A.M.). 
Urinary 17-ketosteroids originate in either the adrenal gland or the 

In normal women, 90% of urinary 17-ketosteroids is derived 
the adrenal, and in men 60 to 70% is of adrenal origin. Urine 17- 
eroid values are highest in young adults and decline with age. 

A carefully timed urine collection is a prerequi ite for all excretory 
inarions, Urinary creatinine should be measured simultaneously 
rmine the accuracy and adequacy of the collection procedure. 

IATION TESTS Stimulation tests are u eful in the diagnosis of hor 
deficiency states. 

If Glucororticoid Reserve Within minutes after administration of 
, cortisol levels increase. This respon iveness can be used as an 
of the functional reserve of the adrenal gland for production of 
I. Under maximal ACTH stimulation, cortisol secretion in 
tenfold, to 800 µ.mol/d (300 mg/d), but maximal stimulation 

be achieved only with prolonged ACTH infusions. 
screening test (the o-called rapid ACTH stimulation te t) in 

es the adrnini rration of 25 units (0.25 mg) of cosynrropin intra- 
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venously or intramuscularly and measurement of plasma cortisol levels 
before admini tration and 30 and 60 min after administration, the test 
can be performed at any time of the day. The most clear-cut criterion 
for a normal response i a stimulated conisol level of >500 nmol/L 
(> 18 µ,g/dL), and the minimal stimulated normal increment of cortisol 
is >200 nmol/L (>7 µ.g/dL) above baseline. Severely ill patients with 
elevated basal cortisol levels may show no further increases following 
acute ACTH administration. 

Tests of Mlnmlocorticold Reserve and Stimulation of the Renln-Anglotensin 
System Stimulation tests use protocols designed to create a pro 
grammed volume depletion, uch as sodium re triction, diuretic ad 
ministration, or upright posture. A simple, potent test consists of severe 
sodium restriction and upright posture. After 3 to 5 days of a 10-mmol/d 
sodium intake, rates of aldosterone secretion or excretion should in 
crease two- to threefold over the control values. Supine morning 
plasma aldosterone levels are u ually increased three- to sixfold, and 
they increase a further two- to fourfold in response to 2 to 3 h of upright 
posture. 

When the dietary sodium intake i normal, timulation testing re 
quires the adrnini tration of a potent diuretic, uch as 40 to 80 mg 
furo ernide, followed by 2 to 3 h of upright posture. The normal re 
sponse is a two- to fourfold rise in plasma aldosterone level . 

SUPPRESSION TESTS Suppression tests to document hypersecretion of 
adrenal hormones involve measurement of the target hormone re 
spon e after standardized suppres ion of its tropic hormone. 

Tests of Pituitary-Adrenal Suppressibllity The ACTH release mechani m 
is sensitive to the circulating glucocorticoid level. When blood levels 
of glucocorticoid are increased in normal individuals less ACTH i 
released from the anterior pituitary and less steroid i produced by the 
adrenal gland. TI1e integrity of thi feedback mechani m can be tested 
clinically by giving a glucoconicoid and judging the suppre sion of 
ACTH secretion by analysis of urine steroid levels and/or plasma cor 
tisol and ACTH levels. A potent glucocorticoid uch as dexarnethasone 
is used, o that the agent can be given in an amount mall enough not 
to contribute significantly to the pool of steroid to be analyzed. 

The best screening procedure i the overnight dexarnethasone sup 
pression test. This involves the measurement of plasma corti ol levels 
at 8 A.M. following the oral administration of I mg dexamethasone 
the previou midnight. The 8 A.M. value for plasma coni ol in normal 
individual should be <140 nmol/L (5 µ.g/dL). 

The definitive test of adrenal suppressibility involves administering 
0.5 mg dexamethasone every 6 h for two successive day while col 
lecting urine over a 24-h period for determination of creatinine and 
free corti ol and/or measuring plasma cortisol levels. In a patient with 
a normal hypothalamic-pituitary ACTH release mechanism, a fall in 
the urine free cortisol to <80 nmol/d (30 µg/d) or of plasma cortisol 
to <140 nmol/L (5 µg/dL) is seen on the second day of administration. 

A normal response to either suppression test implies that the glu 
cocorticoid regulation of ACTH and its control of the adrenal gland 
is physiologically normal. However, an isolated abnormal result, par 
ticularly to the overnight suppression test, does not in itself demon 
strate pituitary and/or adrenal disease. 

Tests of Mineralocorticotd Suppresslbntty These tests rely on an expansion 
of extracellular fluid volume, which should decrease circulating 
plasma renin activity and decrease the secretion and/or excretion of 
aldosterone. Various tests differ in the rate at which extracellular fluid 
volume is expanded. One convenient suppression test involves the 
intravenous infusion of 500 m.l..Jh of normal saline solution for 4 h, 
which normally suppresses plasma aldo terone levels to <220 pmol/L 
( <8 ng/dL) from a sodium-restricted diet or to < 140 pmol/L ( <5 ng/ 
dL) from a normal sodium intake. Alternatively, a high-sodium diet 
can be admini tered for 3 days with 0.2 mg fludrocortisone twice daily. 
Aldo terone excretion is measured on the third day and should be <28 
nmol/d (10 µ.g/d). These tests should not be performed in potassium- 
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depleted individual since they carry a risk of precipitating hypoka 
lemia. 

TESTS OF PITUITARY-ADRENAL RESPONSIVENESS Stimuli such as insulin 
induced hypoglycemia, A VP, and pyrogens induce the release of 
ACTH from the pituitary by an action on higher neural centers or on 
the pituitary itself. Insulin-induced hypoglycemia is particularly use 
ful because it stimulates the release of both growth hormone and 
ACTH. ln this test, regular insulin (0.05 to 0. I U/kg body weight) is 
given intravenously as a bolus to reduce the fasting glucose level to 
at least 50% below basal. The normal cortisol response is a rise to 
>500 nmol/L (18 µ.g/dL). Glucose levels must be monitored-during 
in ulin-induced hypoglycemia, and it should be terminated by feeding 
or intravenous glucose, if subjects develop symptoms of hypoglyce 
mia. Thi test is contraindicated in individuals with coronary artery 
disease or a seizure disorder. 

Metyrapone inhibits I 1,8-hydroxylase in the adrenal. As a result, 
the conversion of l l-deoxycorti ol (compound S) to cortisol is im 
paired, causing 11-deoxycortisol to accumulate in the blood and the 
blood level of cortisol to decrease (Fig. 321-2). The hypothalamic 
pituitary axis re pond to the declining cortisol blood levels by re 
leasing more ACTH. ore that asse sment of the response depends on 
both an intact hypothalamic-pituitary axi and an intact adrenal gland. 

Although modifications of the original metyrapone test have been 
described, a commonly u ed protocol involves administering 750 mg 
of the drug by mouth every 4 h over a 24-h period and comparing the 
control and postrnetyrapone plasma levels of 11-deoxycortisol, corti 
sol, and ACTH. In normal individuals, plasma l l-deoxycortisol levels 
should exceed 210 nmol/L (7 µg/dL) and ACTH levels should exceed 
17 pmol/L (75 pg/mL) following metyrapone administration. The me 
tyrapone test does not accurately reflect ACTH reserve if subjects are 
ingesting exogenous glucocorticoids or drug that accelerate the me 
tabolism of metyrapone (e.g., phenytoin). 

A direct and selective test of the pituitary corticotrophs can be 
achieved with CRH. The bolus injection of ovine CRH (corticorelin 
ovine triflutate; I µ.g/kg body weight) stimulates secretion of ACTH and 
,8-LPT in normal human subject within 15 to 60 min. In normal indi 
viduals, the mean increment in ACTH is 9 pmol/L (40 pg/mL). How 
ever, the magnitude of the ACTH response i Jes than that produced 
by in ulin-induced hypoglycemia, implying that additional factors (such 
as vasopressin) augment stress-induced increases in ACTH secretion. 

The rapid ACTH test can often distinguish between primary and 
secondary adrenal insufficiency, because aldo terone secretion is pre 
served in secondary adrenal failure by the renin-angiotensin system 
and potassium, Cosyntropin (25 units) i given intravenously or intra 
muscularly, and pla ma cortisol and aldo terone levels are measured 
before and at 30 and 60 min after administration. The cortisol response 
is abnormal in both groups, but patients with econdary insufficiency 
show an increase in aldosterone levels of at least 140 pmol/L (5 ng/ 
dL). No aldo terone response is een in patients in whom the adrenal 
cortex is destroyed. Alternatively, ACTH at a phy iologic do e (I µ.g), 
the so-called low-dose ACTH test, may be used to detect econdary 
adrenal insufficiency. An abnormal response is similar to that in the 
rapid ACTH test. However, levels need to be measured at 30 min, and 
the ACTH needs to be directly injected intravenously because it can 
be absorbed by plastic tubing. Because the use of a bolus of exogenous 
ACTH does not invariably exclude a diagno is of secondary adreno 
cortical insufficiency, direct tests of pituitary ACTH reserve (metyra 
pone te t, in ulin-induced hypoglycemia) may be required in the 
appropriate clinical setting. 

HYPERFUHCTIOH OF THE ADRENAL CORTEX 
Excess cortisol is associated with Cushing's syndrome; excess aldos 
terone causes aldosteronism; and excess adrenal androgens cause ad 
renal virilism. These yndromes do not alway occur in the "pure" 
form but may have overlapping features. 

CUSHINli'S SYNDROME a Etiology Cushing described a syndrome 
acterized by truncal obe iry, hypertension, fatigabiliry and w 
amenorrhea, hirsutism, purplish abdominal striae, edema, glucosuria, 
osteoporosis, and a ba ophilic tumor of the pituitary. As awareness of 
this syndrome has increased, the diagnosis of Cushing's syndrome has 
been broadened into the classification shown in Table 321-2. Regard 
less of etiology, all cases of endogenous Cushing' s syndrome are due 
to increased production of cortisol by the adrenal. ln most cases the 
cause is bilarera/ adrenal hyperplasia due to hypersecretion of pitui 
tary ACTH or ectopic production of ACTH by a nonpituitary 
The incidence of pituitary-dependent adrenal hyperplasia is three timca 
greater in women than in men, and the most frequent age of onset is 
the third or fourth decade. Most evidence indicates that the p · 
defect is the de novo development of a pituitary adenoma, as 
are found in >90% of patients with pituitary-dependent adrenal bf: 
perplasia. Alternatively, the defect may occasionally reside in the by• 
pothalamus or in higher neural centers, leading to release of CRH 
inappropriate to the level of circulating cortisol. This primary dcfed 
leads to hyperstimulation of the pituitary, resulting in hyperplasia OF 
tumor formation. In surgical series, most individuals with hype 
tion of pituitary ACTH are found to have a microadenoma ( < 10 mm 
in diameter; 50% are :55 mm in diameter), but a pituitary ma 
enoma (> 10 mm) or diffuse hyperplasia of the corticotrope cell may 
be found. Traditionally, only an individual who has an ACTH-p!O\ 
ducing pituitary tumor is defined as having Cushing' s disease, whe 
Cushing's syndrome refers to au causes of excess corti ol: exoge 
ACTH tumor, adrenal tumor, pituitary ACTH-secreting tumor, oreit• 
cessive glucocorticoid treatment 

The ecropic ACTH syndrome is caused by nonpituitary tumors 
secrete either ACTH and/or CRH and cause bilateral adrenal b 
plasia (Chap. 86). The ectopic production of CRH results in er · 
biochemical, and radiologic features indistinguishable from 
caused by hypersecretion of pituitary ACTH. The typical signs all( 
ymptoms of Cushing's syndrome may be absent or minimal · 
ectopic ACTH production, and hypokalemic alkalosis is a pro ' 
manifestation. Most of these cases are associated with the primi · 
small cell (oat cell) type of bronchogenic carcinoma or with carci 
tumors of the thymus. pancreas, or ovary; medullary carcinoma of 
thyroid; or bronchial adenomas. The on et ofCushing's syndrome 
be sudden, particularly in patients with carcinoma of the lung, and 
feature accounts in part for the failure of these patient to exhibit 
classic manifestations. On the other hand, patients with carcinoid 
mors or pheochromocytomas have longer clinical courses and u 
exhibit the typical cushingoid features. The ectopic secretion of A 
is also accompanied by the accumulation of ACTH fragmenis • 
plasma and by elevated plasma levels of ACTH precursor rnol 

TABLE 3Zl-Z CoustS of Cushlng's Syndrome 
Adrenal hyperplasia 

Secondary IO pitulwy ACTH overproduction 
Pituiwy-bypolhalamic dysfunction 
Pituiwy ACTH-producing micro- or maaoadenomas 

Secondary to ACTH or CRH-producing nonendocrine IUIDOrS 
(bronchogenic carcinoma. carcinoid of the thymus, pancreatic 
carcinoma, bronchial adenoma) 

Adrenal macronodular hyperplasia (including CCIOpic expaesaion iii 
receptors in the adm1al cortex) 

Adrenal micronodular dyapluia 
Sporadic 
Familial (Camey's syndrome) 

Adrenal ncoplasia 
Adenoma 
Carcinoma 

Exogenous, iatrogenic CIUleS 
Prolonacd use of glucoconicoids 
Prolonged use of ACTH 

Not«: ACTH. !\drenocortlcotropic honnone; CRH. ccrticctropin-releasing' hormone; 
goslric inhibitory pep< ide. 



Beca use such tumors may produce large amounts of ACTH , base line 
id values are usually very high and increased skin pigmentat ion 

may be pres ent. 
Approximately 20 to 25% of patients with Cushing's syndrome 

have an adrenal neoplasm. These tumors are usually unilateral, and 
about half are malignant. Occasionally, patients have biochemical fea 
tares both of pituitary ACfH excess and of an adrenal adenoma. These 
individuals may have nodular hyperplasia of both adrenal glands, of 
ten the result of prolonged ACTH stimulation in the absence of a 
pituitary adenoma. Two additional entities cause nodular hyperplasia: 
a familial disorder in children or young adults (so-called pigmented 
micronodular dysplasia; see below) and an abnormal cortisol response 
to gastric inhibitory polypeptide or luteiniz.ing hormone, secondary to 
ectopic expression of receptors for these hormones in the adrenal 
cortex. 

The most common cause of Cushing's syndrome is iatrogenic ad 
mini tration of steroids for a variety of reasons. Although the clinical 
features bear ome resemblance to those seen with adrenal tumors, 

patients are usually distinguishable on the basis of history and 
ratory studies. 

Dlaical Signs, Symptoms, and Laboratory Findings Many of the signs and 
ptoms of Cushing's syndrome follow logically from the known 

ion of glucocorticoid (fable 321-3). Catabolic responses in pe 
ripheral supportive tis ue causes muscle weakness and fatigability, 
ostcoporo i , broad violaceou cutaneous striae, and easy bruisability. 

latter signs are secondary to weakening and rupture of coUagen 
fibers in the dermis. Osteoporo is may cause collapse of vertebral bod 

and pathologic fractures of other bones. Decreased bone mineral 
ion i particularly pronounced in children. Increased hepatic 

gtuconeogenesis and insulin resistance can cause impaired glucose tot 
ce. Overt diabetes mellitus occurs in <20% of patients, who prob 

ably are individuals with a predisposition to this disorder. 
ypen:ortisoli m promotes the deposition of adipose tissue in char 
ristic sites, notably the upper face (producing the typical "moon" 
ies), the interscapular area (producing the "buffalo hump"), supra 
vicular fat pads, and the mesenteric bed (producing "truncal" obe 
) (Fig. 321-6). Rarely, epistemal fatty tumors and mediastinal 

· ning secondary to fat accumulation occur. The reason for this 
iar distribution of adipose tissue is not known, but it is as ociated 

· insulin resistance and/or elevated insulin levels. Toe face appears 
thoric, even in the absence of any increase in red blood cell con 

tion. Hyperten ion i common, and emotional changes may be 
found, ranging from irritability and emotional (ability to evere 

sion, confusion, or even frank p ychosis. ln women, increased 
els of adrenal androgens can cause acne, hirsutisrn, and oligome 

or amenorrhea. Some ign and yrnptoms in patients with 
n:ortisolism-i.e., obesity, hypertension, osteoporosis, and dia 
-are nonspecific and therefore are less helpful in diagno ing the 
ition. On the other hand, easy bruising, typical triae, myopathy, 
virilizing signs (although less frequent) are, if present, more sug 
ive of Cushing's syndrome (fable 321-3). 
Except in iatrogenicCushing's syndrome, plasma and urine cortisol 
Is are elevated. Occasionally, hypokalemia, hypochloremia, and 
bolic alkalosis are present, particularly with ectopic production of 

s The diagnosis of Cushing' s syndrome depends on the dem 
tion of increased cortisol production and failure to suppre s cor 
secretion normally when dexamethasone is administered (Chap. 

). Once the diagnosis is established, further testing is designed to 
· e the etiology (Fig. 321-7 and Table 321-4). 

For initial screening, the overnight dexamethasone uppre sion test 
mmended (see above). ln difficult cases (e.g., in obese or de 
patients), measurement of a 24-h urine free cortisol can also 
as a screening te l. A level > 140 nmol/d (50 µ.g/d) is sug- 

. e of Cu bing's syndrome. The definitive diagnosis is then estab 
by failure of urinary cortisol to fall to less than <25 nmol/d (IO 

) or of plasma cortisol to fall to < 140 nmol/L (5 µ.g/dL) after a 
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TABLE 321-3 Frtqutncy of Signs and Symptoms In Cushlng's SJ1ndromt 
Sign or Sl/mptom Ptmnt of Patltnts 

91 
94 
87 
82 
80 n 
67 
66 
65 
62 
62 
23 
19 

• Features mere spec ific for Cushin g's syndrome . 

standard low-dose dexarnethasone suppression test (0.5 mg every 6 h 
for 48 h). Owing 10 circadian variability, plasma cortisol and, to a 
certain extent, ACTH determinations are not meaningful when per 
formed in isolation, but the absence of the normal fall of plasma cor 
ti ol at midnight is consistent with Cushing's syndrome because there 
is loss of the diurnal corti ol rhythm. 

The task of determining the etiology of Cushing' syndrome is 
complicated by the fact that all the available tests lack specificity and 
by the fact that the tumors producing this syndrome are prone to pon 
taneous and often dramatic changes in hormone secretion (periodic 
hormonogenesi ). o test has a specificity >95%, and it may be nec 
essary to use a combination of tests to arrive at the correct diagnosis. 

Plasma ACTH levels can be useful in distinguishing the various 
cau es of Cushing's syndrome, particularly in separating ACTH-de 
pendent from ACTH-independent causes. In general, measurement of 
plasma ACTH is useful in the diagnosis of ACTH-independent etiol 
ogies of the syndrome, since most adrenal tumors cause low or un 
detectable ACTH level [ <2 pmol/L (IO pg/mL)). Furthermore, 
ACTH-secreting pituitary macroadenomas and ACTH-producing 
nonendocrine tumors usually re ult in elevated ACTH levels. ln the 
ectopic ACTH syndrome, ACTH level may be elevated to > 110 
pmol/L (500 pg/mL), and in most patients the level is >40 pmol/L 
(200 pg/mL). In Cushing' yndrome as the re ult of a microadenoma 
or pituitary-hypothalamic dy function, ACTH levels range from 6 to 
30 pmol/l, (30 to 150 pg/mL) [normal, < 14 pmol/L (<60 pg/mL)], 

FIGURE 321-6 A woman 
with Cushing's syndrome due 
to a right adrenal cortical ad 
enoma. A. One month prior to 
surgery, age 20. 8. One year 
after surgery, age 21. A B 
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Signs and symptoms 
Osteoporosis Central adiposity 
Diabetes meijitus Hirsutism & amenorrhea 
Diastolic hypertension 

Screening tut 
Plasma cortisol at 8 a.m. > 140 nmoVL (5 µg/dl) 
after 1 mg dexamethasone at midnight; urine 
free cortisol> 140 nmoVd (50 µg/d) 

Oexamethaaone aupprenlon tut 
Cortisol response on 2d day to 0.5,mg q 6h 

Normal response Abnormal response 
Cushing's syndrome 

Cortisol response on 2d 
day of dex. suppression 
(2 mg q 6h) 

SuppreHlon• 
Adrenal hyperplasia 
secondary to 
pituitary ACTH secretion 

No response 
Adrenal hyperplasia 
secondary to 
ACTH.-producing tumor 
Adrenal neoplasia 

Plasma ACTH 

High ACTH 
Adrenal hyperplasia 
secondary to 
ACTH-producing tumor 

Pituitary imaging 
and/or seJectlv e 
venous sampling 

r--- ..... --.. 

Positive 
Pituitary 
tumor 

Negative 
Ectopic 
tumor 

Low ACTH 
Adrenal neoplasia 

Urinary, 17-KS or 
DHEA sulfate; 
abdominal CT scan 

High 
{>6cm) 

Adrenal 
carcinoma 

Normal-low 
{<3 cm) 
Adrenal 
adenoma 

FIGURE 321-7 Diagnostic flowchart for evaluating patients suspected of having Cush 
ing's syndrome. *This group probably includes some patients with pituitary-hypotha 
lamic dysfunction and some with pituitary microadenomas. In some Instances, a 
microadenoma may be Visualized by pituitary magnetic resonance scanning. 17-KS, 17- 
ketosteroids; DHEA, dehydroepiandrosterone; ACTH, adrenocorticotropic hormone; CT, 
computed tomography. 

with half of values falling in the normal range. However, the main 
problem with the use of ACTH levels in the differential diagnosis of 
Cushing' syndrome is that ACTH levels may be similar in individuals 
with hypothalamic-pituitary dysfunction, pituitary microadenomas, 
ectopic CRH production, and ectopic ACTH production (especially 
carcinoid tumors) (Table 321-4). 

TABU 311-4 Diagnostic Ttsts ta Oettrmlnt tht Type of Cushing's Syndrome 
Ectopic 

Pituitary Pituitary ACTH 
Macro- Micro- or CRH Adrenal 

Ttst adenoma adtnomo Production Tumor 

Plasma ACTH level f to ff N rot t 10trt i 
Percent who <10 95 <JO <10 
respond to high- 
dose 
dexamellwone 

Percent who >90 >90 <10 <10 
respond IO CRH 

Note: ACl1-I , adrenocorticotrop ic hormone; CRH, corticotropin-releasing honnonc; 
. nonnal; T, elevated; ! . decreased. See 1ex1 for definition of a response. 

A useful step to distinguish patients with an ACfH-secreting 
tuitary microadenoma or hypothalamic-pituitary dysfunction 
those with other forms of Cushing's syndrome is to determine 
response of corti ol output to administration of high-dose dex 
sone (2 mg every 6 h for 2 days). An alternative 8-mg, overnight · 
dose dexamethasone test has been developed; however, this test 
lower sensitivity and specificity than the standard test. When the 
agnosi of Cushing's syndrome is clear-cut on the basis of 
urinary and plasma assays, the high-dose dexamethasone sup 
test may be used without performing the preliminary low-dose 
pression test. The high-do e suppression test provides close to I 
specificity if the criterion used is suppression of urinary free 
by >90%. Occasionally, in individuals with bilateral nodular h 
plasia and/or ectopic CRH production, steroid output is also 
pres ed. Failure of low- and high-dose dexamethasone admini 
to suppress cortisol production (Table 321-4) can occur in 
with adrenal hyperplasia secondary to an ACTH-secreting pi 
macroadenoma or an ACTH-producing tumor of nonendocrinc 
and in those with adrenal neoplasms. 

Because of these difficulties, several additional tests have been 
vocated, such as the rnetyrapone and CRH infusion tests. The rati 
underlying these tests is that steroid hypersecrction by an adrenal 
mor or the ectopic production of ACTH will suppress the h 
larnic-pituitary axis so that inhibition of pituitary ACfH release 
be demonstrated by either test. Thus, most patients with pi · 
hypothalamic dysfunction and/or a microadenoma have an in 
steroid or ACfH secretion in response to metyrapone or CRH 
istration, whereas most patients with ectopic ACTH-producing 
do not. Most pituitary macroadenomas also respond to CRH, but 
response to metyrapone is variable. However, false-positive and 
negative CRH tests can occur in patients with ectopic ACTH and 
ruitary tumors. 

The main diagnostic dilemma in Cushing's syndrome is to · 
guish those instances due to microadenomas of the pituitary from 
due to ectopic sources (e.g., carcinoids or pheochromocytoma) 
produce CRH and/or ACTH. The clinical manifestations are s" 
unless the ectopic tumor produces other symptoms, such as · 
and flushing from a carcinoid tumor or episodic hypertension 
pheochromocytoma. Sometimes, one can distinguish between 
and pituitary ACTH production by using metyrapone or CRH 
noted above. In the e situations, computed tomography (CD or 
pituitary gland is usually normal. Magnetic resonance imaging 
with the enhancing agent gadolinium may be better than CT for 
purpose but demonstrates pituitary microadenomas in only half of 
tient with Cu bing's disease. Because microadenomas can bed 
in up to IO to 20% of individuals without known pituitary di 
positive imaging study does not prove that the pituitary is the 
of ACTH excess. In those with negative imaging studies, se 
petrosal sinus venous sampling for ACfH is now used in many rci 
centers. ACTH level are measured at baseline, 2, 5, and 10 min 
ovine CRH (I µ/kg IV) injections. Peale petrosal:peripheral A 
ratios of >3 confirm the presence of a pituitary ACTH-secreting 
mor. In centers where petrosal sinus sampling is performed freq 
it has proved highly ensitive for distinguishing pituitary and 
ruitary sources of ACTH excess. However, the catheterization 
dure is technically difficult, and complication have occurred. 

The diagnosis of a cortisol-producing adrenal adenoma i 
gested by low ACTH and disproportionate elevations in baseline 
free cortisol level with only modest changes in urinary 17- 
roids or plasma DHEA sulfate. Adrenal androgen secretion is 
reduced in these patients owing to the cortisol-induced suppress· 
ACTH and subsequent involution of the androgen-producing zooa 
ticularis. 

The diagnosis of adrenal carcinoma is suggested by a pal 
abdominal ma and by markedly elevated baseline values of 
urine 17-ketosteroids and plasma DHEA sulfate. Plasma and 
cortisol levels are variably elevated. Adrenal carcinoma i usually 
sistant to both ACTH stimulation and dexamethasone suppression. 
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adre nal andro gen secre tion often 
to viriliza tion in the female. Es tro 

-prod ucing adrenoco rtical car cinoma 
ly presents with gynecomastia in 
and dysfunctional uterine bleeding in 
n. These adrenal tumors secrete in 

amounts of androstenedione, 
'ch is converted peripherally to the 

ens estrone and estradiol. Adrenal 
inomas that produce Cushing's syn 

are often associated with elevated 
Is of the intermediates of steroid bio 
esis (especially l l-deoxycortisol), 
esting inefficient conversion of the 
ediates to the final product This 
also accounts for the characteristic 

in 17-ketosteroids. Approxi 
ely 20% of adrenal carcinomas are not 
iated with endocrine syndromes and 

presumed to be nonfunctioning or to 
uce biologically inactive steroid pre- 
rs. In addition, the excessive produc 
of steroids is not always clinically 
nt (e.g., androgens in adult men). 

Diagnosis • PSEUOO-CUSHING'S 
ORDME Problems in diagnosis include 
· nts with obesity, chronic alcoholism, 

ion, and acute illness of any type. 
e obesity is uncommon in Cush 

's syndrome; furthermore, with exog 
obesity, the adiposity is gen 

ized, not truncal. On adrenocortical 
· g, abnormalities in patients with ex 

s obesity are usually modest. Basal 
steroid excretion levels in obese pa 
are also either normal or slightly el- 

ed, and the diurnal pattern in blood 
urine levels is normal. Patients with chronic alcoholism and tho e 
depression share imilar abnormalities in steroid output: modestly 
ed urine cortisol, blunted circadian rhythm of cortisol levels, and 
ce to suppre sion using the overnight dexamethasone test. In 
t to alcoholic subjects, depressed patients do not have signs and 

ptoms of Cushing' syndrome. Following discontinuation of al 
l and/or improvement in the emotional status, results of steroid 

· g usually return to normal. One or more of three tests have been 
to differentiate mild Cushing's yndrome and p eudo-Cu hing's 
me. The serum corti ol level following the tandard 2-day low 

dexamethasone test has very high sensitivity and specificity. Al 
gh the CRH te t alone is less useful, in combination with the 
-dose dexamethasone test, there is nearly complete discrimination 
een these two conditions. Finally, a midnight cortisol level ob 

in awake patients may have similar predictive value as the low- 
dexamethasone test if a cut-off of 210 nmol/L (7.5 µ.g/dL) is 
Patients with acute illness often have abnormal results on lab 

rests and fail to exhibit pituitary-adrenal suppre sion in re 
to dexarnethasone, ince major stress (such as pain or fever) 
pts the normal regulation of ACTH secretion. Iatrogenic Cush 

's syndrome, induced by the admini tration of glucoconicoids or 
steroids such as megestrol that bind to the glucocorticoid recep- 

is indistinguishable by physical findings from endogenous adre 
ical byperfunction. The di tinction can be made, however, by 
· g blood or urine conisol levels in a basal state; in the iatro 
syndrome these level are low econdary to suppres ion of the 
-adrenal axis. The severity of iatrogenic Cushing's syndrome 

led to the total teroid dose, the biologic half-life of the steroid, 
the duration of therapy. Also, individual taking afternoon and 
· g doses of glucocorticoids develop Cushing's syndrome more 

FIGURE 321-8 Computed tomography (CT) is the preferred method for visualizing the adrenal glands (arrows). A. The 
normal right adrenal gland Is adjacent to the inferior vena cava (V) where fl emerges from the liver. Approximately goo/. 
of right adrenal glands appear as linear structures extending posteriorly from the Inferior vena cava into the space between 
the right lobe of the liver and the crus of the diaphragm. The normal left adrenal gland is lateral to the left crus of the 
diaphragm and below the stomach. Most left adrenal glands are shaped like an Inverted V or Y. 8. Adrenal CT scan of a 
patient with ectopic ACTH production. Both adrenal glands (arrows) are enlarged (compare with A). In contrast, only 50% 
of patients with bilateral adrenal hyperplasia secondary to pituitary ACTH hypersecretion show enlargement of the adrenals 
when Imaged by CT scan. C. CT scan of a patient with Cushing's syndrome with biochemical evidence only of cortisol 
overproduction. The left adrenal has been replaced by a racquet-shaped 2-cm tumor (arrow). Auenuation of the tumor 
is low because of its high lipid content. D. CT scan In a patient with Cushing's syndrome and biochemical evidence of an 
adrenal carcinoma. In contrast to the tumor in C, the right-sided mass in this patient is large and has a heterogeneous 
appearance-usual characteristics of an adrenal carcinoma. 

readily and with a smaller total daily dose than do patients taking 
morning doses only. 

Radiologic Evaluation for Cushing's Syndrome The preferred radiologic 
study for visualizing the adrenals is a CT scan of the abdomen (Fig. 
321-8). CT is of value both for localizing adrenal tumors and for di 
agnosing bilateral hyperplasia. All patients believed to have hyperse 
cretion of pituitary ACTH hould have a pituitary MRI scan with 
gadolinium contrast. Even with this technique, mall microadenomas 
may be undetectable; alternatively, false-positive masses due to cysts 
or non ecretory lesions of the normal pituitary may be imaged. In 
patients with ectopic ACTH production, high-resolution chest CT is a 
useful first step. 

£valuation of Asymptomatic Adrenal Masses With abdominal CT scanning, 
many incidental adrenal masses (so-called incidentalomas) are discov 
ered. This i not urprising, ince IO to 20% of subjects al autopsy 
have adrenocortical adenomas. The first step in evaluating such pa 
tients is ro determine whether the rumor is functioning by means of 
appropriate screening tests, e.g., measurement of 24-h urine catechol 
amine and metabolite and serum potassium and assessment of ad 
renal conical function by dexamethasone- uppre ion testing. 
However, 90% of incidemaloma are nonfunctioning. If an extra 
adrenal malignancy is present, there is a 30 10 50% chance that the 
adrenal rumor is a metastasis. If the primary tumor is being treated and 
there are no other metastases, it is prudent to obtain a fine-needle 
aspirate of the adrenal mass to establi h the diagnosi . In the absence 
of a known malignancy the next step is unclear. The probability of 
adrenal carcinoma is <0.01 %, the vast majority of adrenal ma ses 
being benign adenomas. Features uggestive of malignancy include 
large size (a size > 4 to 6 cm suggest carcinoma); irregular margin ; 
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and inhomogeneity, soft ti ue calcifications visible on CT (Fig. 321- 
8), and findings characteristic of malignancy on a chemical-shift MRJ 
image. If surgery is not performed, a repeat CT can hould be obtained 
in 3 to 6 months. Fine-needle aspiration is not useful to distingui ·h 
between benign and malignant primary adrenal tumors. 

~ TREATMENT 
Adrenal Neoplasm When an adenorua or carcinoma is diagno ed. ad 
renal exploration i performed with excision of the tumor. Adenornas 
may be resected using laparoscopic technique . Becau e of the po - 
sibllity of atrophy of the contralateral adrenal, the patient is treated 
pre.- and postoperatively as if for total adrenalectomy, even when a 
unilateral le ion is suspected, the routine being imilar to that for an 
Addisonian patient undergoing elective surgery sec Table 321-8). 

Despite operative intervention, most patients with adrenal carci 
noma die within 3 years of diagno is. Metastases occur most often to 
liver and lung. The principal drug for the treatment of adrenocortical 
carcinoma is mitotane (o.p'-DDD), an i omer of the insecticide DbT. 
This drug uppres corti al production and decreases plasma and 
urine steroid levels. Although its cytotoxic action is relati ely selective 
for the glucoconicoid-secreting zone of the adrenal cortex the zona 
glomerulo a may also be inhibited. Because rnitotane also alters the 
cxtraadrenal metuboli ·m of corti ·oJ plasma and urinary cortisol levels 
must be as e ed to titrate the effect. The drug i u ually given in 
divided do es three to four times a day, with the dose increased grad 
ually 10 tolerabiliry (usually <6 g daily). At higher dose , almost all 
patient experience side effects, which may be gastrointestinal (ano 
rexia, diarrhea, vomiting) or neuromuscular (lethargy, somnolence, 
dizzines . All patients treated with mitotane should receive long-term 
glucoconicoid maintenance therapy, and, in ome, rnineralocorticoid 
replacement is appropriate. ln approximately one-third of patients, 
both tumor and meta tases regress but long-term survival is not al 
tered. Ta many patients, mltorane only inhibits stcroidogenesi and 
does not cause regression of tumor metasta es. Osseous metastases are 
usuaUy refractory to the drug and hould be treated with radiation 
therapy. Mitotane can also be given as adjunctive therapy after surgical 
resection of an adrenal carcinoma, although there is no evidence that 
this improves survival. Because of the absence of a long-term benefit 
with mitotane, alternative chemotherapeuti approaches b cd on plat 
inum therapy have been used. However, there are no data presently 
available indicating a prolongation of life. 

BILATERAL Hl'PERPLASIA Patients with hyperplasia usually have a relative 
or ab olute increa e in ACTH levels. Since therapy would logically 
be directed at reducing ACTH levels, the ideal primary treatment for 
ACTH- or CRJ-1-producing tumors, whether pituitary or ectopic, is 
urgical removal. Occasionally (particularly with ectopi ACTH pro 
duction) surgical excision i not po sible because the disease is far 
advanced. In this situation, "medical" or surgical adrenaleciorny may 
correct the hyperconisolism. 

Controve y exists as to the proper treatment for bilateral adrenal 
hyperplasia when the ourcc of tbe ACTH overproduction is not ap 
parent. In ome centers, these patients (especially those who uppress 
after the administration or a high-dose dexamethasone test) undergo 
surgical exploration of the pituitary via a transsphenoidal approach in 
the expectation that a microadenoma wUI be found (Chap. 318). How 
ever, in most circumstance selective petrosal sinus venous sampling 
is recommended, and the patient is referred to an appropriate center if 
the procedure is not available locally. If a microadenoma is not found 
at the time of exploration, total hypophysectomy may be needed. Com 
plications of transsphenoidal surgery include cerebrospinal fluid rhi 
norrhea, diabetes insipidus, panhypopituitarism, ·and optic or cranial 
nerve injuries. 

In other centers, total adrenalectomy is the treatment of choice. The 
cure rate with this procedure is close to l 00%. The adverse effects 
include the certain need for lifelong mineralocorticoid and glucocor- 

ticoid replacement and a 10 to 20% probability of a pituitary tumor 
developing over the next lO years (Nel on' syndrome· Chap. 3 l8). It 
is uncertain whether these tumors ari e de novo or if they were present 
prior to adrenalectomy but were too small to be detected. Periodic 
radiologic evaluarion of the pituitary gland by MRI as well as serial 
ACTH measurement should be performed in all individual after bi 
lateral adrenalectomy for Cushing 's dise.ase. Such pitUitary tumors 
may become locally invasive and impinge on the optic chiasm or ex 
tend into the cavernous or sphenoid sinuses. 

Excepl in children, pituitary irradiation is rarely used a primary 
treatment, being reserved rather for postoperative tumor recurrences. 
In ome centers, high levels Qf gamma radiation can be focused on the 
desired ite witb less canering to surrounding tis ues by using ster 
eotactic technique . Side effects of radiation include ocular motor 
palsy and hypopituitarism. There i a long lag tlme between treatmeot 
and remission, and the rcmi sion rate is usually <50%. 

Finally, in occasional patients in whom a surgical approach i not 
feasible. "medical' ndrenalectomy may be indicated (Table 321-5). 
Inhibition of steroidogeoesis may also be indicated in severely cush 
ingoid subject prior to urgical intervention. Chemical adrenalectomy 
may be accomplished by the admini tration of the inhibitor of steroid 
ogenesis ketoconazole (600 to 1200 mg/d). In addition, mitotane (2 or 
3 g/d) and/or the blockers of steroid synthesi~ aminoglutethimide 
(J g/d) and metyrapone (2 or 3 g/d) may be effective either alone or 
in combination. Mitotane is slow to take effect (weeks). Mifepristone, 
a competitive inhibitor of the binding of glucocorticoid to its receptor, 
may be a treatment option. Adrenal insufficiency is II risk with all these 
agents, and replacement steroids may be required. 

ALDOSTERONISM Aldo teronism is a syndrome associated with hy 
persecretion of the mineralocorticoid aldosterone. Jo primary afdos 
teronism the cause for the excessive aldosterone producLion resides 
wilhin the adrenal gland; in secondary aldosteronism the stimulus is 
exrra:.idrenal. 

Prima'1j Aldosteronism In the original descriptions of excessive and in 
appropriate aldosterone production the disease was the result of an 
a/dosrerone-producing adrenal adenoma (Conn·s syndrome). Most 
cases involve a unilateral adenoma, which is usually small and muy 
occur on either side. Rarely, primary aldosteronism is due to an adrenal 
carcinoma. Aldosteronism is rwice as common in women as in men, 
usuully occurs between the ages of 30 and 50, and is present in - I% 
of unselected hypertensive patients. However, the prevalence may be 
as high as 5%. depending on the criteria and study population. In many 
patients with clinical and biochemical feauires of primary aldoster 
onlsm, a solitary adenoma is not found at surgery. Instead, these pa 
tients have bilateral cortical nodular hyperplasia. In the literature, this 
diseru;e is also tenned idiopathic hyperaldosreronism, and/or nodular 
hyperplasia. The cause is unknown. 
SIGNS AND SYMPTOMS Hypersecretion of nldosterone increases the renal 
distal tubular exchange of intra.tubular sodium for secreted potassium 
and hydrogen ions, with progres ive depletion of body potassium and 
development of bypokalemia. Most p11tients have diastolic hyperten- 
ion. which may be very severe, and headaches. The hypenension is 
probably due to the increased sodium i:eabsorptioo and extracellular 
volume expansion. Potassium depletion is responsible for the muscle 

TABLE 321-5 Treatment ModalititS for Patients with Adrenal 
Hyperplasia Secondary to Pituttary ACJN Hgpersecretion 

Treaunents 10 reduce pituitary ACTH pi:oducti,;>n 
Ti:an phenoidal ~tion of microndcnoma 
Radiation therapy 

Treatments to reduce or eliminate adrenocortical cortisol i,ccrttion 
Bilateral adrenalcctomy 
Medical ndrenalcctomy (metyrapone, milotane, aminoglutethimide, 
ketoconazo1e)- 

• Not curative but cffcclivc as long as chronically admini lcrcd in sclcc1ed patienlS. 
Not,: ACTH. adrenocorticorropic honnone. 



weaknes and fatigue and is due to the effect of potassium depletion 
on the muscle cell membrane. The polyuria results from impairment 
of urinary concentrating ability and is often associated with polydipsia. 
However, some individuals with mild disease, particularly the bilateral 
hyperplasia type, may have normal potassium levels and therefore 
have no symptoms associated with hypokalemia. 

Electrocardiographic and roentgenographic signs of left ventricular 
enlargement are, in pan, secondary to the hypertension. However, the 
left ventricular hypertrophy is disproportionate to the level of blood 
pressure when compared to individuals with essential hypertension, 
and regression of the hypertrophy occurs even if blood pressure is not 
reduced after removal of an aldosteronoma, Elecrrocardiographicsigns 
of potassium depiction include prominent U waves. cardiac arrhyth 
mias, and premature contraction . In the absence of as ociated con 
gestive bean failure renal disease, or preexisting abnormalities (such 
as thrornbophlebiris), edema is characteri tically absent. However, 
structural damage to the cerebral circulation. retinal vasculature, and 
kidney occurs more frequently than would be predicted based on the 
level and duration of the hypertension. Proteinuria may occur in as 
many as 50% of patients with primary aldosteronism, and renal failure 
occurs in up to 15%. Thu , it is probable that excess aldo terone pro 
duction induces cardiovascular damage independent of its effe t on 
blood pressure. 

lABORATOIIY f//10/HGS Laboratory findings depend on both the duration 
and the severity of potassium depletion. An overnight concentration 
test often reveals impaired ability to concentrate the urine, probably 
secondary to the hypokalemia. Urine pH is neutral to alkaline because 
of excessive secretion of ammonium and bicarbonate ion to compen 
.. ate for the metabolic alkalosis. 
Hypokalemia may be severe <3 rnrnol/L) and reflects body po 

tassium depiction, usually >300 mmol. In mild forms of primary al 
dosteronism, potassium level may be normal. Hypernatremia is 
infrequent bot may be caused by sodium retention, concomitant water 
los from polyuria, and reselling of the osmostai, Metabolic alkalosis 
and elevation of serum bicarbonate are caused by hydrogen ion Joss 
into the urine and migration into potassium-depleted cells. The alka 
losis is perpetuated by pora sium deficiency, which increase· the ca 
pacity of the proximal convoluted tubule to reabsorb filtered 
bicarbonate. If hypokalcmia is severe, serum magnesium levels are 
also reduced. 

DIAGNOSIS The diagnosis is suggested by persistent hypokalemia in a 
nonedernarous patient with a normal odium intake who is not receiv 
ing potassiurn-wa ting diuretics (furosemide, ethacrynic acid, thia 
zides). If hypokalernia occurs in a hypertcn ive patient taking a 
potassium-wasting diuretic, the diuretic bould be discontinued and 
the patient should be given potassium supplements. After1 to 2 week . 
the potas ium level should be remeasured, and if hypokalernia persists, 
the patient should be evaluated for 11 mineraloconicoid excess syn 
drome (Fig. 321-9). 

The criteria for the diagnosis of primary aldosteroni m are (I di 
astolic hypertension without edema. (2) byposccretion of renin (as 
judged by low plasma renin activity levels) that foils Lo increu ·e ap 
propriately during volume depiction (upright posture, sodium depic 
tion), and (3) hypersecretion of aldostcrone that docs not suppr 
appropriately in response to volume expansion. 

Patients with primary aldosteroni m characteristically do 1101 hove 
edema since they exhibit an "escape" phenomenon from the sodium 
retaining aspects of mineralocorticoids. Rarely, pretibial edema is 
present in patients with associated nephropathy and azoternia. 

The estimation of plasma renin activity i of limited value in sep 
arating patients with primary aldosteronism from those with hyperten 
sion of other cau es. Although failure of plasma renin activity to rise 
normally during volume-depletion maneuvers i a criterion for a di 
agn sis of primary aldosteronism. suppre sed renin activity al o oc 
curs in -25% of patients with essential hypertension. 

Although a renin measurement alone lacks specificity, the ratio of 
scrum aldosterone to plasma renin acti ity is a very useful screening 
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Diastolic hypertension with hypokalemla 

Stop diuretics KCI supplement X 10 days 

Repeat serum K + determination 

Normokalemia' 
Normal response 

Hypokalemia 
Mlneralocorticold excess 
states 

Check for licorice or 
carbenoxolone ingestion 

Present 
Discontinue agent 

High 
Secondary aldosteronlsm: 
Look for renal disease 
or renin tumor 

Low 
Look for nonaldosterone 
mlneraloconlcold* 

Complete suppression 
Not primary aldosteronlsm 

Tumor seen 
Surgery 

No suppresslon 
Idiopathic hyperplasia 

Absent 
Measure plasma renln 
activity 

Low 
Measure plasma aldosterone 
\eve( 

Normal or high 
Measure plasma aldosterone 
level before and after saline 
loadingt 

High and nonsuppressible 
Perform adrenal CT or MRI 

No tumor seen 
Measure plasma aldosterone 
level after dexamethosone 
administration 

Profound suppression 
Screen for GRA genotype 

FIGURE 321-9 Diagnostic flowchart for evaluating patients W1th suspected primary 
aldosternmsm. 'Serum K• may be normal in some panems with hyperaldosteronism 
who are talong potasslum-sparinq dlure us (spironolactone, lriamterene) or who have 
a low sodium intake and a high potassium lnta\\e, This step should not be taxen if 
hypertension ls severe (diasro\ic pressure > us mmHg) or if cardiac failure 1s present. 
Also, serum potassium levels should be corrected before tne 1nfuslon of saline solution. 
Alternative methods that produce comparable suppression of aldosterone secreucn in 
clude oral sodium loading (wo mmol/d) and the admmistration of nudroc0<usone, 0.2 
mg bid, for 3 days. •for eX'ilrnple, liddle's syndrome, apparent m1nel1llocort,coid excess 
syndrome, or a deoxycorticosterone-secreting rumor. (GAA, glucocorticoid-remediable 
aldosteronism, CT, computed tomography; MRI, magnetic resonance Imaging.) 

test A high ratio (>30), when aldosterone i,c; pres ed as og/dL and 
plasma renin activity a ng/mL per hour strongly suggests autonomy 
of aldosterone secretion. Aldo terone levels need to be >500 pmol/L 
(> 15 ng/dL when salt imake i. not restricted. In some centers, the 
aldo. terone/plasma renin activity ratio i used as a primary creen lest 
in all nonnokalemic, difficult-to-control bypenensive patients, in addi 
tion to those with hypokalemia. Ultimately, it i. nece.,;snry to demon 
strate a lack of aldo terone suppression to diagnose primary 
aldosteroni m (Fig. 321-9). The autonomy exhibited in these patients 
refers only to the resistance to suppres ion of ecretion during volume 
expan ion; aldosterone can and does respond in a nom1al or abovc 
nonnal fashion to the stimulu of potassium loading or ACTH infusion. 
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Once hypose cre tion of re run an d fa ilure of aldosterone secre tion 
suppre sion are demons tra ted , aldosrerone-prod ucing adenornas 
should be localized by abdominal CT scan, using a high-resolution 
canner as many aldosteronomas are <l cm in ize. lf the CT scan is 
negative, percutaneou tran femoral bilateral adrenal vein catheteri 
zatioo with adrenal vein ampling may demonstrate a !WO· 10 threefold 
increa e in plasma aldo terone concentration on the involved ide. ln 
cas of hyperaldosteronism secondary to cortical nodular hyperplasia, 
no Iateralizarion is found. It is important for samples 10 be obtained 
imultaneou Jy if possible and for corri ol levels to be me· ured 10 
ensure that false localization doe· not reflect dilution or an ACTH- or 
stress-induced rise in aldosterone level . ln a patient with an adenoma, 
the aldosrerone/cortlsol ratio lateralizes to the side of the le ion. 

D1FFER£HTIAI D/A6ND515 Patients with hypertension and hypokalemia 
may have either primary or secondary hyperaldostcroni m (Fig. 321- 
lQ). A useful maneuver to distinguish between these conditions is the 
measurement of plasma renin activity. Secondary hyperaldo teroni m 
in patients with accelerated hypertension is due 10 elevated plasma 
renin levels: in contrast, patienrs with primary aldo teronism have sup 
pres ed plasma renin levels. Indeed, in patients with a serum potassium 
concentration of <2.5 mmol/L. a high ratio of plasma aldosterone to 
plasma renin acri ity in a random sample i usually ufficient to es 
tablish the diagnosis of primary aldosteronism without additional test 
ing. Ectopic ACTH production hould nlso be considered in patients 
with hypertension and evcre hypokalemia, 

Primary aldosteroni m must also be distingui hed from other hy 
permineralocorti oid states. Nonaldosterone mineralocorticoid . rates 
will nave suppressed plasma renin activity but low aldosreronc level . 
The most common problem is IO distinguish between hypcraldoster 
onism due to an adenoma and that due to idiopathic bilateral nodular 
hyperplasia, This distinction i important because hypertension asso 
ciated with .idiopathic hyperplasia does not usually benefit from bilat 
eral adrenalectomy, whereas hypertension a sociated with al 
dosterone-producing tumors is usually improved or cured by removal 
of Lile adenoma. Although patient with idiopathic bilateral nodular 
hyperplasia tend to have less severe hypokalernia, lower aldo terone 
secretion, and higher plasma renin activity than do patients with pri 
mary aldosteronism, differcruiarion is impossible sole! on clinical 
and/or biochemical grounds. An anomalou postural decrease in 
plasma aldo terone and elevated pla ma 18-hydroxyconico terone 
levels are present in most patients with a unilateral lesion. Hov ever 
these tests are also of limited diagnostic value in the individual patient, 
because omc adenoma patients have an increase in plasma aldosterone 
with upright posture. so-called rerun-responsive aldo teronoma. A de 
finitive diagnosis is best made by radiographic tudies, including bi 
lateral adrenal vein cmheterization, as noted above. 

In a few in tan es, hypertensive patients with hypokalernic alka 
lo is have adenornas that ecrete deoxycorticosterone. Such patients 
have reduced plasma rerun activity levels, but aldosterone levels are 

Primary 
aldosteronlsm 

Secondary 
aldosteronlsm 

• /rnlia//ng event 

FIGURE 321-10 Responses ot the renln-aldosterone volume control luop in primary 
versus secondary aldcstercnlsm, 

either normal or reduced, uggesting the diagnosi of mineralocorti 
coid excess due to a hormone other than aldosterone. Several inherited 
disorders have clinical features similar to those of primary aldosler 
onism (see below). 

~ TREATMENT 
Primary aldo 1eroni m due to an adenoma i usually treated by urgical 
exci ion of ihe adenoma. Where p ssible a laparoscopi approach i 
favored. However, dietary sodium restriction and the administration 
of an aldos1crone amagonist-e.g., spironolactone-are effective in 
many ca.s . Hypertension and hypokalemia are u ·ually controlled by 
doses of 25 10 100 mg spironolactone every 8 h. In ·ome patient 
medical managcmen1 ha been successful for years, but chronic lher 
apy in men is usual! lim.ited by side ffects of pironolactone sllch 
as gynecomastia, decreased libido, and impotence. 

When idiopathic biln1erol h,yperplnsia i suspected. urgery i in 
dicated only when signific:int.. ymptometic hypokalemia cannot be 
controlled with medical therapy, i.e .. by spironolac1onc, 1riam1crene, 
or amiloride. Hypenension a ociated wilh idiop11Lhic hyperplasia i 
usually not benefited by bilateral adrenalectomy. 

Secondary Aldosterontsm Secondary aldos1erunis111 refers 10 an appro· 
priately increased production of aldostcrone in response I activaiion 
of the renin-a.ngioten in system (Fig. 21-10 . The production rate of 
aldosterone is often higher in patient· with secondary aldosteroni m 
than in those with primary aldosteronism. Secondary aldosteronism 
u ually occur in association with the accelerated phase of hyperten 
sion or on lhe basis of an underlying edema disorder. Secondary aJ. 
do teronism in pregnancy i a normal physiologi response 10 
estrogen-induced incrca • in circulating levels of renin ub trate and 
plasma renin activity and to the anti-aldosterone actions of progesto 
gcn. 

Secondary aldosteronism in hypenensivc states is due either to a 
primary overproduction of renin (primary renini m or to an overpro 
duction of rcnin econdary to a decrease in renal blood now and/or 
perfusion pressure (Fig. 321-10). Secondary hypersecretion of renin 
can be due to a narrowing of one or both of the major renal aneries 
by a1herosclcro is or by libromu cular hyperplasia. Overprodu tion of 
renin from both kidney also occur in severe arteriolar nephro clerosi 
(maligna.nl hypertension) or with profound renal va.socon triction the 
accelernied phase of hypenension). The secondary aldos1eronism i. 
characterized by hypokalemic alkalosis, modera1e 10 evere incrc:a.ses 
in plasma renin activity. and moderate to marked increases in aldos 
tcmne levels. 

Secondary aldo teroni m with hyperten ·ion can also be caused by 
rare rcnin-produ ing tumors (primary l"l!nini m). ln these patiem , the 
biochemical charactcristi arc of renal vascular hypertension, but the 
prim:iry defect is renin secretion by a juxtaglomerular cell tumor. The 
diagnosis can be made by demon tration of normal renal vasculature 
and/or demon tration of a pace-occupying lesion in the kidney by 
radiographic techniques and documentation of a unilateral increase in 
renal vein rcni.n activity. Rarely, these rumors arise in tis ucs such ns 
the ovary. 

Se ondary aldo tcroni m is pre. em in many forms of edema. The 
rate of aldoslerone ecretion i usually increased in patients with 
edema caused by either cirrho is or 1he nephrotic syndrome. ln con 
gestive heart failure, elevated aldosterone secretion varies depending 
on the severily of cardiac failure. The timulus for aldo terone relea .: 
in these condition appears to be arierial hypuvolemia and/or hypo 
tension. TI1iazidcs and furo emide often eltaggcr,ue secondary aldos 
teronism via volume depletion; hypokalemia and, on occasion, 
alkalosis can then become prominent fearures. On occa ion secondary 
hyperaldo teroaism occurs without edema or byperten ion (Bartter and 
Gitelman syndromes, see below . 

Aldosterone and Cardiovascular Damage !though many studies have in 
vestigated tl1t! role of :mgiotensin II in mediating cardiovascular dam 
age, additional evidence indicate that aldosterone has an important 



role that is independent of angioten in U. Patient with primary al 
doster onism (in which angiotensin 11 levels are usually very low) have 
a higher incidence of left ventricular hypertrophy (L VH), albuminuria 
and stroke than do patient with essential hypertension. Experimental 
animal models mimicking secondary aldosteronism (angiotensin in 
fusion) or primary aldosteronism (aldosterone infusion) reveal a com 
mon pathophy iologi sequence. Within the first few days there i 
activation of proinflarnmatory molecules with a hi tologic picture of 
perivascular macrophage infiltrate and inflammation, followed by cel 
lular death, fibrosis, and ventricular hypertrophy. These events are 
prevented if an aldo terone receptor antagonist is used or if adrena 
lectorny is performed initially. The same pathophysiologic sequence 
is seen in animals with average aldosterone levels and cardiova cular 
damage, i.e. diabetes mellitus, or genetic hyperten ive rats. Impor 
tantly, the level of sodium intake is a critical co-factor. lf alt intake 
is severely restricted, no damage occurs even though the aldosterone 
levels are markedly elevated. Thus, it i not the level of aldosrerone 
per se that i. responsible for the damage, but irs Ievel relative to tbe 
volume or odium tarus of (he individual. 

Four clinical studies upport these experimental re ults. In the 
RALES trial, patient with cla Tl/TV bean failure were randomized 
to tandard care or a low do e of the mineraloconicoid receptor an 
tagoni t, spironolactone. There was a 30% reduction in all-cause mor 
tality and cardiovascular mortality and ho piralizarions after 36 
months. Two studies in hypertensive subjects addressed the question 
of the relative importance of a reduction of angiotensin II formation 
ver us blockade of the MR in mediating cardiovascular damage. Sub 
jects were randomized to eplerenone an MR antagonist), enalapril (an 
ACE inhibitor), or both agent . in the first study the ubject had L VH, 
with the end point being a reduction in LVH. In the second, the ub 
jeers had diabetes mellitus and proteinuria, with tbe end point being a 
reduction in proteinuria. In both studies all three treatment arms ub 
stantially reduced the primary end point; however, tbe most potent 
effect occurred in the combination arm of the srudie • In the mono 
therapy LVH arms, the reduction in LVH wa similar, while in the 
proreinuria rudy eplerenone produced a greater reduction than did 
enalapril. The final rudy was the EPHESUS trial, where individuals 
who developed congestive heart failure after an acute myocardial in 
farction were randomized to standard-of-care treatment with or without 
:i small dose of cplercnone, Eplerenone administration produced a sig 
niticantly greater reduction in mortality (15 to 17%) and in cardiovas 
cular-related bospiralizations than the placebo arm. Thu . these four 
clinical tudies provide strong support to the hypothesis that MR 
blockade has a significant added advantage over. tandard-of-care.ther 
apy in reducing cardiovascular mortality and surrogate end points. 
However, regulatory approval i pending. 

SYNDROMES OF ADRENAL ANDROGEN EXCESS Adrenal androgen excess re 
sults from excess production of DHEA and androstenedione, which 
are convened to t tosrerone in extraglandular tissues; elevated res 
to tcrone levels account for most of the virilizarion, Adrenal androgen 
e ices may be associated with the secretion of greater or smaller 
amounts of other adrenal hormones and may, therefore, present as 
"pure ' yndrcrne o[ virilization or as "mixed" syndromes associated 
with exces ive glucoconicoids and Cushing' yndrome. -For fur 
ther di cussion of hirsutism and virilization, see Chap. 44. 

HYPOfUNCTION Of THE ADRENAl CORTEX 
Cases of adrenal insufficiency can be divided into two general cate 
gories: ( I) 1110 e associated with primary inability of the adrenal to 
elaborate sufficient quantities of hormone. and (2) thos a sociated 
with a secondary failure due to inadequate ACTH formation or relea e 
(Table 32 I -6 . 

PRIMARY ADRENOCORTICAL DEFICIENcY (ADDISON'S DISEASE) The original 
description of Addi on s disease- "general languor and debility fee 
bleness of the heart' action, irritability of the stomach, and a peculiar 
change of the color of the kin"-summarizes ll1e dominant clinical 
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TABU 321-6 Gassificatian of Adttnal lnsaffidrncg 

PRIMA/Ir AOREHAL INSUFFICIENCY 
Anatomic destruction of gland (chronic or acute) 
"Idiopathic" atrophy (autoimmune, adrenolcukodysr.rophy) 
Surgical removal 
Infection (tuberculous. fungal. viral-especially in AIDS patients) 
Hcm()mU!gc 
lnvasion:ITlCl3Slatic 

Metabolic failure in honnone productiOll 
Congenital :illrcnal hyperplasia 
Enzyme inh.ibi ors (metyrapone. ketoconazole, aminoglutelhimide) 
Cytotoxic agents (mitotane) 

ACI'H-bloc1'ing anribodie 
Mutatil)ll in CTH receptor gene 
Adrenal hypoplasin coogenita 

SECONOARY ADRENAL INSIJFFICIENCY 
Hypopiwitnri ,1]l due 10 h)'poth:llamic-pituitary disease 
Suppression of hypothalamic-pimitary a.,is 

By exogenous steroid 
By endogenous teroid from rumor 

Nut,: ACTI-1 . :ldrcnocorticouopic hom,one . 

features. Advanced cases are usually easy to diagno e, but recognition 
of the early phases can be a real challenge. 

Incidence Acquired fonns of primary insufiiciency are relatively ,-are, 
may occur at any age, and affect botl1 sexes equally . .Because of the 
common therapeutic use of steroids, secondary adrenal insufficiency 
i relatively common. 

Etiology and Pathogenesis Addison disease results from progres i ve 
destruction of ihe adrenals which mu t involve >90% of the glands 
before adrenal insufficiency appears. The adrenal is a frequent site for 
chrome granuloma1oas diseases predominantly cuberculosis but a,lso 
h.istopla~mosis, coccidioidomycosis, and cryptococcosis. In early c 
ries tuberculosis was respon ible for 70 to 0% of cas , but the most 
frequent cause now is idiopathic atrophy and an autoimmune mech 
anism is probably responsible. Rarely other lesioos are encountered. 
such as adrenoleukodystrophy, bilateral hemorrhage, wmor metasta 
sc . HJV, cytomegaloviru (CMV), amyloidosi . adrcnomyeloneu 
ropathy, familial adrenal insufficien y, or arcoido is. 

Although half of patients with idiopathic atrophy have circulating 
adrenal antibodies, autoimmune destru tion is probably secondary to 
cytotoxic T lymphocytes. Specific adrenal antigens to which autoan 
tibodies may be directed include 21-hydrox.yl e (CYP21A2 and side 
chain cleavage enzyme, but ihe significance of these antibodies in the 
pathogenesi of adrenal insufficiency is unknown. Some antibQdies 
cause adrenal insufficiency by blockjng the binding of ACTH to it 
receptors. Some patients also have antibodies to thyroid, parathyroid, 
and/or gonadal tis ue (Chop. 330). There is also an increased incidence 
of chronic lymphocytic thyroiditi , premature ovarian failure, type l 
diabetes meUitu , and hypo- or hyperthyroidi m. The presence of two 
or more of these autoimmune endocrine disorders in the same per on 
defines the polyglandular autoimmune syndrome type lL Additional 
features include pernicious anemia, vitiligo, alopecia, nontropical 
sprue, and mya theitla gravis. Within families, multiple generation. 
are affected by one or more of the above diseases. Type O polyglnn 
dular syndrome is the result of a mutant gene on chromosome 6 and 
is associated with the HLA alleles BS and DR3. 

The combination of parathyroid and adrenal insufficiency and 
chronic mucocutaoeou candidiasi constitutes type T polyglandula.r 
auLoimmuoe syndrome. Other autoimmune diseases in this disorder 
include pernicious anemia, chron.ic active hepatitis, alopecia. primary 
hypothyroidism, nod premature gonadal failure. l11ere i no HLA as 
sociation; rhi yndrome is inherited as an autosomal recessive trail 
It i caa ed by mutations in the autoimmune polyendocrinopathy can 
didiasis ectodermal dystrophy {APECEO) gene located on chromo- 
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some 21 q22.3. The gene encodes a transcription factor thought to be 
involved in lymphocyte function. The type 1 syndrome usually pres 
ents during childhood, whereas the type. IT syndrome is u ually man 
ifested in adulthood. 

Clinical suspicion of adrenal insufficiency hould be high in pa 
tients with AIDS (Chap. 173). CMV regularly involves the adrenal 
glands (so-called CMV necrotizing adrenaliti , and involvement with 
Mycobacteri11mavium-intracell11lare, Cryptococcus, and Kapo i's sar 
coma has been reported. Adrenal in ufficiency in AIDS patients may 
no, be manifest, but tests of adrenal reserve frequently give abnormal 
re ults, When interpreting tests of adrcnocortical function, it is im 
portant to remember that medications such as rifampin. phenytoin, 
ketoconazole, mege trol and opiates may cau e or potentiate adrenal. 
insufficiency. Adrenal hemorrhage and infarction occur in patients on 
anticoagulants and in those with circulating anticoagulants and hyper 
coagulable states, such as the antiphospholipid syndrome. 

There are several rare genetic causes of adrenal insufficiency that 
present primarily in infancy and childhood {see belov . 

Oinical Sl_gns and Symptoms Adrenocortical insufliciea y caused by 
gradual adrenal destruction is characterized by an insidious onset of 
fatigability, weakness, anorexia, nau ea and vomiting, weigh! Jo s, 
cutaneous and mucosa! pigmentation, hypoien ion, and occasionally 
hypoglycemia (Table 321- 7 . Depending on the duration and degree 
of adrenal hypofunction, the manifesrarions vary from mild chronic 
fatigue to fulminating shock associated with acute destruction of the 
glands, as described by Waterhouse and Friderichsen. 

Asthenia is the cardinal ·ymptom. Early it may be sporadic, u ually 
most evident at times of stress; as adrenal function becomes more im 
paired, the patient is continuously fatigued. and bed rest is necessary. 

Hyperpigmentation may be striking or absent Ir commonly appears 
as a diffuse brown, tan, or bronze darkening of parts such as the elbows 
or creases of the hand and of areas that normally are pigmenred uch 
as the areolae about the nipples. Bluish-black patches may appear on 
the mucou membranes. Some patients develop dark freckles, and ir 
regular areas of vitiligo may paradoxically be present. As an early sign, 
tanning following sun exposure may be persistent. 

Arterial hypotension with postural accentuation is frequent, and 
blood pressure may be in the range of 80/50 or less. 

Abnormalities of gastrointestinal function are often the presenting 
complaint. Symptoms vary from mild anorexia with weight lo 10 
fulminating nau ea, vomiting. diarrhea, and ill-defined abdominal 
pain, which may be so eve re as to be confused with an acute abdomen. 
Patients may have personality changes, usually consisting of excessive 
irritability and restlessness. Enhancement of the sensory modalities of 
taste, olfaction, and hearing is reversible with therapy. Axillary and 
pubic hair may be decreased in women due to loss of adrenal andro 
gens. 

Laboratory Findings ln the early phase of gradual adrenal destruction, 
there may be no demonstrable abnormalities in the routine laboratory 

TABLE 321-7 frPquency of Symptoms and Signs in AdrPno/ Insufficiency 
Sign or Symptom Pucent of Patients 

Weaknes s 
Pigmentation of skin 
Weight loss 
Anorexia, nausea, and vomiting 
Hypotension (<ll0/70) 
Pigmentation of mucou. membranes 
Abdominal pain 
Sal( craving 
Diarrhea 
Constipation 
Syocopc 
Vinligo 

99 
98 
97 
90 
87 
82 
34 
22 
20 
19 
16 
9 

parameters, but adrenal reserve i decreased-that is, while basal ster 
oid output may be normal, a subnormal increase occurs after stress. 
Adrenal stimulation with ACTH uncovers abnormalities in rhi stage 
of the disease, eliciting a subnormal increase of cortisol levels or no 
increa eat all. In more advanced stages of adrenal destruction, ·erum 
sodium, chloride, and bicarbonate levels are reduced, and the serum 
pota ·sium level i elevated. The hyponatremia is due both to loss of 
sodium into the urine (due to aldosterone deficiency) and to movement 
into the intracellular compartment, This extravascular sodium loss de 
pletes extracellular fluid volume and accentuates hypoten ion. Ele 
vated plasma vasopres in and angiotensin 11 levels may contribute to 
the hyponatrernia by impairing free water clearance. Hyperkalemia is 
due to a combination of aldosterone deficiency, impaired glornerular 
filtration, and acido i . Ba al level of cortisol and aldosterone are 
subnormal and faiJ to increa e following ACTii idministratlon, Mild 
to moderate hypercalcemia occurs in JO to 20% of patients for unclear 
rea on . The electrocardiogram may show nonspecific changes, and 
the elecrroencephalogram exhibits a generalized reduction and slow 
ing. There may be a normocytic anemia, a relative Iymphocytosi , and 
a moderate eo inophilia. 

Diagnosis The diagno i of adrenal in ufficiency should be made only 
with ACTH stimulation testing to a sess adrenal reserve capacity for 
steroid production (sec above for ACTH test protocols). In brief, the 
best screening test i the corti ol response 60 min after 250 µ,g or 
cosyntropin given intramu cularly or intravenously. Cortisol levels 
hould exceed 495 nmol/L (18 µ.g/dL). If the response is abnonnal, 
then primary and secondary adrenal in ufficiency can be distinguished 
by measuring aldosrerone levels from rhe same blood amples. ln sec 
ondary, bur not primary, adrenal insufficiency 1be aldosterone incre 
ment will be normal [~150 pmol/l (5 ng/dL)]. Furthcnnorc, in primary 
adrenal insufficiency, plasma ACTH and as ·oc.iated pcptid (/3-LPT) 
are elevated because of los of tbc usu11l cortisol-hypothalamic-pitui 
tary feedback relationship, whereas in secondary adrenal in ufficiency, 
plasma ACTH values are low or "inappropriately" normal (Fig. 
321-11). 

Signs and symptoms 
Weakness 
Hypotenslon 
Weight loss 
± Hyperpigmentation 

Screening te"t 
Plasma cortisol 30-60 min 
after 250 µg cosyntropin 
IMorlV 

Subnormal 
Possible adrenal insufficiency 
(primary or secondary) 

Plasma ACTH and/or plasma 
aldosterone (aJdo) Increment 
30 min after 250 µg cosyntropin 
IMorlV 

High ACTH; subnormal 
aldo increment 
Primary adrenal insufficiency 

low-normaJ ACTH; normal 
aldo increment 
Secondary adrenal insufficiency 
Normal 

FIGURE 321-11 Diagnostic flowchart for evaluating patients with suspected adrenal 
insufficiency. Plasma adrenocorticotropic hormone (ACTH) levels are low in secondary 
adrenal insufficiency. In adrenal insufficiency seconda1y to pituitary tumors or idio 
pa hie panhypopituitarism. other pituitary hormone deficiencies are present. On the 
other hand, ACTH deficiency may be isolated, as seen following prolonged use of 
exogenous glucocorticoids. Because the isolated blood levels obtained in these screen 
Ing tests may not be definitive. the diagnosis may need to be confirmed by a continuous 
24-h ACTH Infusion. Normal subjects and patients with secondary adrenal insufhaency 
may be distinguished by insulin tolerance or metyrapone testing. 



Differential Diagnosis Because weakness 
and fatigue are common, diagnosis of 
early adrenoconical insufficiency may 
be difficult, However, the combination 
of mild gastrointestinal distress, weight 
los , anorexia, and a uggestion of in 
creased pigmentation makes it manda 
tory to perform ACTH stimulation 
testing to rule out adrenal insufficiency, 
particularly before steroid treatment is 
begun. Weight loss is useful in evalu 
ating the significance of weakness and 
malaise. Racial pigmentation may be a 
problem, but a recent and progressive 
increase in pigmentation is usually re 
ported by the patient with gradual ad 
renal destruction. Hyperpigmentation is usually absent when adrenal 
destruction is rapid, as in bilateral adrenal hemorrhage. The fact that 
hyperpigmentation occurs with other diseases may also present a prob 
lem, but the appearance and distribution of pigment in adrenal in ·uf 
ficiency are usually characteristic. When doubt exists, measurement of 
ACTH levels and testing of adrenal reserve with the infu. ion of ACTH 
provide clear-cul differentiation. 

TABLE 321-8 Steroid Therapy Schedule for a Patfent with Adrenal lnsuffidency Undergoing Surgery' 

Hgdrocomsane Infusion, 
Continuous, mglh 

Hgdrocortisane (Orol/9) 

Routine daily medication 
Day before operation 
Day of operation 

Day l 
Day2 
Day 3 
Day4 
Day 5 
Day6 
Day? 

10 
5-7.5 
2.5-5 
2.5-5 
2.5-5 

or 
or 

8 A.M. 4 P.M. 

20 10 
20 10 

40 20 
40 20 
40 20 
20 20 
20 10 

Fludrocortisane 
(Oro/19), 8 A.M. 

0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
o.i 

• All steroid doses are given in milligrams. An alternative approach is 10 give 100 mg hydroconisone as an intravenous bolus 
injection every 8 h on the day of the opcrntion (see text). 

~ TREATMENT 
All patient with adrenal in ufficicncy hould receive specific hormone 
replacement These patients require careful educarion about the di - 
case. Replacement therapy should correct both glucocorticoid and 
mineralocorticoid deficiencies. Hydrocortisoue (cortisol) is the main- 
tay of treatment. The dose for most adults (depending on size) is 20 

LO 30 mg/d. Patients are advised to take glucocorticoids with meats or, 
if that i impractical with milk qr an antacid, because the drugs may 
incre e gastric acidity and exert direct toxic effects on the gastric 
rnuco a. To simulate the normal diurnal adrenal rhythm, two-third of 
the dose is taken in the morning, and the remaining one-third is taken 
in the late afternoon. Some patients exhibit insomnia, irritability, and 
mental excitement after initiation of therapy; in these, the do age 
hould be reduced. Other situations that may necessitate smaller doses 
are hypertension and diabetes mellitus. Obese individuals and those 
on anticonvulsive medications may require increased dosages. Mea 
surements of plasma ACTH or corti ol or of urine corf ol levels 
do not appear to be useful in determining optimal glucoconicoid dos 
ages. 

Since the replacement dosage of hydroconisone does not replace 
the mineralocorticoid component of the adrenal hormones. mineralo 
corticoid supplementation is usually needed. This i accomplished by 
the administration of O.OS lo 0.J mg fludroconisone per day by mouth. 
Patients should also be instructed to maintain an ample intake of, so 
dium (3 Lo 4 g/d). 

The adequacy of rninernlocorticcid therapy can be as essed by 
measurement of blood pressure and serum electrolytes. Blood pressure 
hould be normal and without postural changes; serum sodium, potas 
sium, creaunine, and urea nitrogen levels hould al o be normal. Meas 
urement of plasma renin level may al. o be u ful in titrating the do . 
In female patients with adrenal insufficiency, androgen levels are 

also low. Thus some phy ician believe that daily repl cement With 
25 to 50 mg of DHEA orally may improve quality of life and bone 
mineral density. 

Complications of glucocorticcid therapy, with the exception of gas 
tritis, ar rare at the dosages recommended for treatment of adrenal 
insufficiency. Complications of rnineralocorticoid therapy include hy 
pokalemia, hypertension cardiac enlargement, and even congestive 
heart failure due to sodium retention. Periodic measurements of body 
weight, serum poias ium level, and blood pres ure are u eful. All pa 
tients with adrenal insuffi iency should carry medical idernification, 
hould be instructed in the parenteral elf-administration of steroids, 
and should be registered with a medical alerting ystem. 

Special Therapeutic Problems During period of intercurrent illnes , es 
pecially in the erting of fever, the dose of hydrocortisone should be 
doubled, With evere illness it should be increased to 75 lo I 50 mg/ 
d. When oral administration i not po ible, parenteral route should 
be employed. Likewise, before surgery or dental extraction . supple 
mental glucoconicoid hould be admini tered. Patients hould also 
be advised to increase the dose of fludrocortisooe and to add salt to 
their otherwise normal diet during periods of trenuous exerci e with 
sweating, during extremely hot weather and with gastrointestinal up 
sets uch as diarrhea. A simple strategy i to upplement the diet one 
to three times daily with salty broth (1 cup of beef or chicken bouillon 
contain 35 mmol of sodium . For a representative program of teroid 
therapy for the patient with adrenal insuff iency who is undergoing 
major surgery, see Table 321-8. Th.is schedule is designed so that on 
the day of surgery it will mimic the output of cortisol in normal in 
dividual undergoing prolonged major stress (10 mg/h, 250 to 300 mg/ 
d). Thereafter, if the patient is improving and is afebrile, the dose of 
hydrocortisone is tapered by 20 to 0% daily. Mineralocortlccid ad 
mini tration i unneces ary at hydroconisane do es > l 00 mg/d be- 
ause of th mineraloconicoid effects of hydroconisone at such 
dosages. 

SECONDARY ADRENOCORTICAL INSUFFICIENCY ACTI! deficiency cause 
secondary adrenocortical in ufficiency; it may be a selective defi 
ciency, as is seen following prolonged administration of excess glu 
cocordcoids, or it may occur in as ociatiou with deficiencie of 
multiple pituitary bonnones (panliypopituitarism) (Chap. 3 J 8). Pa 
tients with econdary adrenocortical hypofunction have many ymp 
toms and igns in common with those having primary dise e but are 
not hyperpigmented, since ACTH and related peptide levels are low. 
'In fact, plasma ACTH level di tinguish between primary and second 
ary adrenal insufficien y, since they are elevated in the former and 
decreased to absent in the lat1er. Patients with total pitµ.itary in uffi 
ciency have nianife tation of multiple hormone deficiencies. An ad 
ditional feature distingui hing primary adrenocortical insufficiency is 
the near-normal level of aldosterone secretion seen in pituitary and/ 
or isolated ACTH deficiencies (Fig, 321-J 1). Patient with pituitary 
in ufficiency may have hypooatremia, which can be di.lutional or sec 
ondary to a subnormal increase in aldosterone secretion 1n response to 
severe odium restriction. However, severe dehydrarion, fcyponorre 
mia, and hyperkalemia are characteriSl.ic of severe rnineralocorticoid 
insufficiency and favor a diagnosis of primar adrenocortical insuffi 
ciency. 

Patient receiving long-tenn steroid therapy, despite physical find 
ings of Cu hing' syndrome, may develop adrenal insufficiency be 
cause of prolonged piu,1itary-hypothalamic suppression and adrenal 
atrophy ecoodary to lhe loss of endogenous ACTH. 'These patients 
have two deficits, a lo s of adrenal respon iveness to ACTH and a 
failure of pituitary ACTH release. They arecharactcnzed by tow blood 
coni ol and ACTH levels, a low baseline rate of steroid excretion, and 
aboonnal ACTH and metyrapone respon e . Most patients with scer 
oid-induced adrenal insufficiency eventually recover no,mal HPA re- 
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ponsivenes , but recovery time varies from days to months. The rapid 
ACTI-l test provides a convenient as ·es ·ment of recovery of HPA func 
tion. Because the plasma cortisol concentrations after injection of co 
syntropin and during insulin-indu ed hypoglycemia are u unlly 
irnilar the rapid ACTHte t asses e the integrated HPA function (see 
"Tests of Pituitary-Adrenal Re ·pon iv n s," above). Some inve ti 
gators suggest using the low-dose (1 µ.g) ACTH test for SUS!)(.'Cted 
econdary ACTH deficiency. Additional tests to asses· pituitary 
ACTH reserve include the standard metyrapone and insulin-induced 
hypoglycemia tests. 

Glucocorticoid therapy in patients with secondary adrcnocortical 
insufficiency does not differ from that for the primary disorder. Min 
eralocorticoid therapy is usually nor ncce sary as aldosrerone . ccre 
tion is p~ erved. 
ACUTE ADRENOCORTICAL INSUFFICIENCY Acute adrenocorti al insuffi 
ciency may re. uh from several processes. On the one hand, adrenal 
crisis may be a rapid and overwhelming intensification of chronic 
adrenal insufficiency, usually precipitated by sep is or surgical sires . 
Alternatively. acute hemorrhagic destruction of both adrenal glands 
can occur in previously well individuals, In children. this event i 
usually associated with septicemia with Pseudomonas or meningo 
eoccernia (Waterbouse-Friderichscn yndrome). In adults. anticoagu 
lant therapy or a coagulation disorder may re ult in bilateral adrenal 
hemorrhage. Occas ionally, bilateral adrenal hemorrhage in the new 
born results from binh trauma. Hemorrhage has been observed during 
pregnancy, following idiopathic adrenal vein thrombo is. and as a 
complication of venography (e.g., infarction of an adenoma). The third 
nnd most frequent cause of acute insufficiency i the rapid withdrawal 
of steroids from patient with adrenal atrophy owing to chronic teroid 
admini tration. Acute adrcnoconical insufficien y may al o occur in 
patients with congenital adrenal hyperpla in or tho c with decreased 
adrenocortical reserve when they an: given drugs capable of inhibiting 
steroid ynthesis (mitotane, ketoconazole) or of increasing steroid me 
tabolisrn (phenytoin, rifampin). 
Adrenal Crisis The long-term survival of patients with adrenocortical 
insufficiency depends largely on the prevention and treatment of ad 
renal crisis. Con equently, the occurrence of infection. trauma (in 
cluding surgery), gastrointestinal up ers, or other stre ses neces itates 
an immediate increase in hormone. Ln untreated patiems, preexisting 
symptom are intensified. Nausea, vomiting. and abdominal pain may 
become intractable. Fever may be severe or absent. Lethargy deepens 
into somnolence, and hypovolcmic vascular collap c ensues. lo con 
trast, patients previou ly maintained on chronic gfucocorticoid therapy 
may not exhibit. dehydration or hypotension until they are in a preter 
minal state, since mincralocortlcoid e retion is usually preserved. In 
all patients in crisis, a precipitating cause should be sought. 

~ TREATMENT 
Treatment is directed primarily toward repletion of circulating gluco 
corti oid and repla ement of the sodium and water deficits. Hence an 
intravenous infusion of 5% glucose in normal aline elution should 
be tarted with a bolus intravenou info .ion of 100 mg hydrocortisone 
followed by a continuous infusion of hydrocortisone at a rate of I 0 
mg/h. An alternative approach is to admini aer a 100-mg bolus of 
hydrocorti on intravenously every 6 h. However, only continuou 
infusion maintains the plasma cortisol con tantly at sire' levels f>830 
nmol/1.. (30 µ.g/dL)]. Effective treatment of hypotension requires glu 
cocort:icoid replacement and repletion of sodium and water def it . lf 
the crisis was preceded by prolonged nausea, vomiting, and dehydra 
tion, several liter of saline solution may be required in the first few 
hours. Vasoconsrrictive agents (such as dopamin ) may be indicated 
in extreme conditions as adjuncts to volume replacement. With large 
doses of ster id, i.e .. JOO to 200 mg hydroconisone. the patient re 
ceives :i maximal mineralocorti oid effect, nod . upplernentury min 
eraloconicoid is superfluou . Following improvement, the steroid 

dosage i tapered over the ne t few days to maintenance levels, and 
mineralocorticoid therapy is reinstituted if needed (Table 321-8). 

ADRENAL CORTI COL INSUFFICIENCY IN ACUTELY Ill PATIENTS The physiology 
of the HPA axis i dramatically altered during critical illnes es such 
as trauma, surgery, sepsis, and shock. In such situations cortisol level 
rise four- to sixfold, diurnal variation is abolished, and the unbound 
fractions of cortisol rise in the circulution and in target tissues. [nad 
equate cortisol production during critical illnc scan re. ult in hypotcn 
sion, reduced systemic vascular resi. Utnce, ~hock. and death. 

A major area of controversy in pn:. umably normal individuals is 
the correlation of clinical outcomes with th cor1isol levels measured 
during critical illne s. ubnormal cortisol production during acute se 
vere illnes ha been termed "fun tionnl" or "relative" adrenal in uf 
ficiency. Conceptually, the elevated cortisol level that are observed 
an: viewed as insufficient 10 control the inflammatory response and 
maintain blood pres urc. If such patients can be identified, treatment 
with upplementary cortisol could be beneficial. 

A level of conj ol in a critically ill patient below wh.ich replace 
meni glucocorticoids may improve prognosis i not firrnly establish d, 
although many have accepted a level of S44 I nmoVL 15 µ.g/dL). On 
the other hand, a random cortisol >938 nmol/L (34 µ.g/dL) in the 
etting of critical illness i. unlikely to be associated wilh relaiiv.: ad 
renal insufficiency. In p;llients who have random cortisol level, be 
twet:n 441 and 938 1111101/L l 5 and 34 µg/dL) a cosyntropin 
stimulation te ·t may ident.ify paticnl · with diminished adrenal reserve 
[increment <255 nmol/L (9 µ.g/dL)] who may benefit from supple 
mentary cortisol treatment. Lf the dingno is of relative or functional 
adrenal insufficiency is considered in an acutely ill, hypotensive pa 
tient, treatment with supplementary cortisol hould be initiated 
promptly following the measurement of a random coni ol level and/ 
or perfom1ing a cosyntropin stimulation te ·t. Supplemental corti ·ol 
may be pnnicularly beneficial in patients with septic shock where glu 
cocorticoids have been reported to reduce mor1ality and the durmion 
of vasoprcssor therapy. Su h patient . hould be treated wilh 50 to 75 
mg of intravenou hydrocortisone every 6 h as bolus treaunent or 1.l1e 
same amount as a continuou infusion. Treatment can be terminated 
if th corti ·ol level obtained at the outset arc normal. On the other 
band, those patients with :1bnormal te ·Ling ·hould be treated for I wec:k 
and then tapered. In surviving patients, adrenal function should be 
reevaluated after resolution of the critical illness. 

HYP0Al00ST£RONISM 
Isolated aldosterone deficiency accompanied by normal corti ol pro 
duction occurs in association with hyporeninism, as an inherited 
biosynthctic defecc, postoperatively following removal of al 
do tcrone-secreting adenomas, during protr..icted heparin admini tra 
rion, in pretectal disease of the nervou system, and in severe postural 
hypotension. 

111e feature common to nil fom1s of hypoaldostcronism is the in 
ability to increase aldosterone secretion appropriately in response to 
alt restriction. Most patients have une,cplnined hyperkalemia, which 

is often exacerbated by restriction of dietary sodium intake. 1n evere 
cases, urine odium wastage occur at a nomrnl snit intake, whereas 
in milder forms, exec ive loss of urine sodium occurs only with salt 
restri lion. 

Most cases of isolated hypoaldostcroni. m occur in patienL~ with a 
deficiency i.n rcnin production (so-called hyporeninemic hypoaldo 
steronism), mo ·t commonly in adultS with diabetes mellitus and mild 
renal failure nod in whom hypcrkalemia nod metabolic acido. is arc 
out of proportion to the degree of renal impairment. Plasma rcnin 
levels fail 10 rise normally following odium restriction and posturnl 
changes. TI1e pathogenesi is uncertain. Possibilities include renal di - 
case (the mo ·t likely) autonomic neuropatby, extracellular fluid vol 
ume ex pan ion. and defective conversion of rcnin precursors to active 
renin. Aldosterone levels also fail to rise normally after salt resrriction 
and volume contraction: this effect is probably relnted to the hyporen 
inism, ince biosymhetic defects in aldosterone secretion usually can- 



not be demonstrated. In these patients, aldosterone secretion increases 
promptly after ACrR stimulation, but it i uncertain whether the mag 
nitude of the re ponse is normal. On the other hand the level of al 
dosterone appears to be ·ubnonnal in relationship to the hyperkalemia. 

Hypoaldosteronism can also be associated with high renin levels 
and low or elevated levels of aldo ·terooe ( ee below). Severely ill 
patients may also have hyperreninemic hypoaldosteronism; such pa 
tients have a high mortality rate (80%). Hyperkalernia is not present. 
Possible explanations for the hypoaldosteroni m Include adrenal ne 
crosis (uncommon) or a shift in teroidogenesis from rnineralocorti 
coids to glucocorticcid • possibly related to prolonged ACTH 
stimulation. 

Before the diagnosis of i olated hypoaldo teronism is considered 
for a patient with hypedcalemia. · pseudohyperkalemia" (e.g. hernol 
ysis, thrornbocytosis) should be- e eluded by measuring the plasma 
potassium level. The next step is to demonstrate -a normal corn ol 
response to ACTH stimulation. Then, the response o[ reain and ol 
do terone levels to stimulation upright posture, . odium restriction) 
should be measured. Low renio and aldosterone I vels esrabli h the 
diagao is of hyporeninemic hypoaldosteronism. A combination of 
high reoin levels and low aldosterone level is consi tent with an al 
dosterone biosynthetic defect or a selecrive unresponsiveness to an 
giotensin Il. Finally, there is a condition that clinically and 
biochemically mimics hypouldo teronism with elevated renin levels. 
However, the-aldosterone levels are not low but high- o-called pseu 
dohypoaldosteronism, This inherited condition i caused by a mutation 
in the epithelial sodium channel (see below). 

~ TREATMENT 
The treatment is to replace the mineralocorticoid deficiency. For prac 
tical purposes, the oral administration of 0.05 to 0.1.5 mg Hudrocorti 
sone daily should restore electrolyte balance if alt intake is adequate 
(e.g., 150 to 200 mmol/d). However, patients wi.th hypo.reninemic hy 
poaldosteronism may require higher doses of mineralocorticoid to cor 
rect hyperkalemia. This need pose a potential ri k in patients with 
hypertension, mild renal insufficiency or congestive heart failure. An 
alternative approach is to reduce ·alt intake and to administer furosern 
ide, which can ameliorate acidosis and hyperkalemia. Occasionally a 
combination of these two approaches is efficacious. 

~ fiEHETIC CONSIDERATIONS Glucocortlco[d Diseases • CONGfNITAI 
~ ADRENAL HYPERPLASIA Congenital adrenal hyperplasia (CAH) is 
the consequence of reces ive mutations that cause one of everal dis 
tinct enzymatic defects (see below). Because corti ol i the principal 
adrenal steroid regulating ACTH elaboration and because ACTH stim 
ulate adrenal growth and 'function, a block in cortisol synthesis may 
result in the enhanced secretion of adrenal androgens and/or miner 
alocorticoids depending on the site of the enzyme block. In severe 
congenital virilizing hyperplasia, the adrenal output of cortisol may be 
so compromised as 10 cause adrenal deficiency despite adrenal hyper 
plasia. 

CAH is the most common adrenal disorder of infancy and child 
hood (Chap. 328). Partial enzyme deficiencies can be expressed after 
adolescence, predominantly in women with hirsutism and oligome 
norrhea but minimal virilization. Late-onset adrenal hyperplasia may 
account for 5 to 25% of cases of hirsutisrn and oligomenorrhea in 
women, depending on the population. 

fflat~gg Enzymatic defects have been described in 21-hydroxylase 
CYP2JA2), 17a-hydrox.yJase/17,20-lyase (CYPl7), I l/3-hydroxy 
lase (CYPI IB I), and in 3/3-HSD2) (Fig. 321-2). Although the genes 
encoding these enzymes have been cloned, the diagnosis of specific 
enzyme deficiencies with genetic techniques is not practical because 
of the large number of different deletions and missense mutations. 
CYP2 I A2 deficiency is closely linked to the HLA-B locus of chro 
mosome 6 so that HLA typing and/or DNA polymorphism can be used 
to detect the heterozygous carrier and to diagnose affected individuals 
in some families (Chap. 29 . The clinical e pression in the different 
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di. orders is variable, ranging from virilization of the female (CYP2/ 
A2) to feminization of the male (3J3-HSD2) (Chap. 328). 

Adrenal virilizatioo io the female at birth is associated with am 
biguous external genitalia (female pseudohermaphroditismi. Vlriliza 
tion begins after the fifth month of Intrauterine development. At birth 
there may be enlargement of the clitoris, partial or complete fu ion of 
the labia and sometimes u urogenital sinus in the female. lf the labial 
fusion is nearly complete, Ole female infant has external genitalia re 
sembling a penis with hypospadias. In the postnatal period, CAH is 
associated with virilizarion in the female and isosexual precocity in 
the male. The excessive androgen levels result in accelerated growth, 
so that bone age exceed chronologic age. Becau e epiphyseal closure 
occurs early, growth tops, but truncal development continues, the 
characteristic appearance being a horr child with a well-developed 
trunk. 

The most common fonn of CAH (95% of cases) is a result of im 
painnent of CYP21A2. In addition to cortisol deficiency, aldosterone 
secretion is decreased in approximately one-third of the patients. Thus, 
with CYP21A2 deficiency, adrena.l virilizatioo occurs with or without a 
salt-losing tendency due to aldosterqnc deficiency (Fig. 321-2). 

CY Pl I Bl deficiency causes a ''hypenensiye" variaot ofCAH. Hy 
penen ion and hypokalemia occur because o( the impaired conversion 
of 11-deoxycorticosterooe to conicosterone, resulting in the accumu 
lation of 11-deoxyconicosterone. a potent mineralocorticoid. The de 
gree of bypenension is variable. Steroid precursors are hunted into 
the androgen pathway. 

CY Pl 7 deficiency is characterized by hypogonadism, hypokale 
mia, and hyperten ion. This rare disorder causes decreased production 
of corrisol and shu,oting of precursors into the mineralocorticoid path 
way with hypokalemic a.lkalosi , hypen.en ion, and suppre1 ed plasma 
renin activity. Usually, I 1-deoxyconico terone production is elevate,d. 
Because CYP17 hydroxylation is required for biosynthesis of both 
adrenal androgens and gonadal testosterone and estrogen, this defect 
is associated with sexual immaturity, high urinary gonadotropin levels, 
110d low urinary )7-ketosteroid excretion. Female patients have pri 
mary ameoon:hea and lack of development of secondary se ual char 
acteristics. Because of deficient androgen production male patients 
have either ambiguous cxtemal genitalia or a female phenotype (male 
pse11dohermuphrudirfam). Exogenous glucocorticoids can correct the 
hypcrten ive syndrome, and treatment with appropriate gonadal ster 
oids results in sexual maturation. 

With 3f3-HSD2 deficiency, conversion of pregnenolone to proges 
terone is impaired, so that the synthesis of both conisol and aldo ter 
one is blocked, with bunting into the adrenal androgen pathway via 
17 a-hydroxypregnenolone !\lid DHEA. Because DHEA i a weak an 
drogen, and because ihis enzyme deficiency i a.lso present in the go 
nad, the genitalia of tl1e male fetus may be incompletely virilized or 
feminized. Conversely, in the female, overproduction of DHEA may 
produce panial virilization. 

Diagnosis The diagnosis of CAH should be considered in infants hav 
ing epi odes of acute adrenal insufficiency or sa.lt-wasting or hyper 
tension. The diagoo is is further suggested by the finding of 
hypcnrophy of the clitori. , fused labia, or a urogenital sinus in the 
female or of isosexual precocity in the male. ln infants and children 
with a CYP2J A2 defect increased urine 17-keto. teroid excretion and 
increased plasma DHEA sulfate levels are typically associated with an 
increase in the blood levels of 17-hydroxyprogestcrone and the excre 
tion of its urinary metaboUte pregnanetriol. Demonstration of elevated 
levels of 17-hydroxyprogesterooe in amniotic fluid at 14 to I 6 weeks 
of gestation allows prenatal detection of affected female infants. 

The diagno is of o salt-losing form of CAH due to defects in 
CYnIA2 is suggested by episodes of acute adrenal insufficiency with 
hyponatremia, hypcrkalemia, dehydration and vomiting. These infants 
and children often crave sa.lt and have laboratory findings indicating 
deficits in both cortisol and aldosterone secretion. 
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With the hypertensive form of CAH due to CYPJ I Bl deficiency, 
I J-deoxyconicosterone and l l-deoxycortisol accumulate. The diag 
.no is is con/inned by demonstrating increased levels of J l-deoxycor 
tisol ln the blood or increased amount of tetrahydro-Ll-deoxycortisol 
in the urine. Elevation of 17-hydroxyprogesterone levels does not im 
ply a coexisting CYP21 A2 deficiency. 

Very high level of urine DHEA with low levels of pregnaneiriol 
and of coni qi metabolites in urine are chara teristic of children with 
3{3-HSD2 deficiency. Marked salt-wasting may also occur. 

Adul s with late-onset adrenal hyperplasia (partial deficiency of 
CYP2 I A2, CYP I IB 1, or 3/3-H D2) are characterized by normal or 
moderately elevated levels of urinary 17-ketosteroids and plasma 
DHEA ulfate. A high basal level of a precursor of cortisol biosyn 
thesi (such as 17-hydroxyprog terone, 17-hydroxypregnenolone, or 
I l-dco ycorti ol , or el vation of uch a precursor after ACTH stim 
ulation, confirms the diagno is of a partial deficiency. Measurement 
o( ·teroid precursor 60 min after bolus administration of ACTH is 
usually sufficient, Adrenal androgen output is easily suppressed by the 
tandard low-dose (2 mg) dexarnethasone test. 

~ TREATMENT 
Therapy in CAH patients consists of daily administration of gluco 
corticoids to upprcss pituitary ACTH secretion. Becau e of its low 
cost and imermediare. half-Life, prcdnisone is the drug of choice except 
in infants. in whom hydrocortisone i usually used. In adults with late 
onset adrenal hyperplasia, the smallest single bedtime dose of a Jong 
or intermediate-acting glucoconicoid that suppresses pituitary ACTH 
secretion should be adrnini tered. The amount of steroid required by 
children with CAH i approximately J to 1.5 limes the normal cortisol 
production rate of 27 to 35 µ.moJ (IO to J 3 mg) of cortisol per square 
meter of body surface per day and is given in divided doses two or 
three times per day. The dosage schedule is governed by repetitive 
analy is of the urinary l7-keto teroids plasma DHEA sulfate, and/or 
precursors of cortisol biosynthesis. Skeletal growth and maturation 
mu t al o be monitored closely. as overtreatment with glucocorricoid 
replacement therapy retards linear growth. 

Receptor Mutations Isolated glucoconicoid deficiency is a rare auto 
somal recess ivc di ease secondary to a mutation in the ACTH receptor. 
Usually mincralocorlicoid function is nonnal. Adrenal insufficiency is 
manifest within the first 2 years of life as hyperpigmentation convul- 
ions. and/or frequent epi odes of hypoglycemia. In some patients the 
adrenal insufficiency is as ociated with achalasia and alacrima-e-All 
grove's, or triple A, yndroroe. However in some triple A syndrome 
patients, no mutation in the ACTH receptor has been identified, ug 
gesting that a di tinct genetic abnormality causes tbi yndrome. Ad 
renal hypoplasia congenita is a rare X-linked disorder caused by a 
mutation i11 the DAX/ gene. This gene encodes an orphan nuclear 
receptor that plays an important role in the development of the adrenal 
cortex and al o the hypothalamic-pituitary-gonadal axis. Thus, patients 
present with sign and symptoms secondary to deficiencies of all three 
major adrenal teroids-cortisol, aldosterone, and adrenal andro 
gen -us well a.s gonadotropin deficiency. Finally a rare cause of hy 
percorti oli m without cushingoid tigrnata is primal)' cortisol 
resistance due to mutation in the glucocorticoid receptor. The resis 
tance i · incomplete becau c patients do not exhibit sign -0f adrenal 
in. ufficiency. 

Miscellaneous Conditions Adrenolcukodystrophy causes severe dernye 
lination and early death in children, and adrcnomyeloneuropathy is 
as ociated with a mixed motor and sensory neuropathy with spastic 
paraplegia in adult : both di orders are associated with elevated cir 
culating level of very Jong cham fatty acids and cause adrenal insuf 
ficiency. Auto omal recessive mutations in the steroidogcnic acute 
regulatory (STAR) protein gene cause congenital lipoid adrenal hy 
perplasia (Chap. 328), which is characterized by adrenal insufficiency 

and defective gonadal teroidogenesis. Because STAR mediates cho 
lesterol transport into the mitochondrion, mutations in the protein 
cause ma sive lipid accumulation in steroidogenic cells, ultimately 
leading to cell toxicity . 

MINERALOCORTICOID DISEASES Some forms of CAH have a mineralo 
corticoid component (see above). Others are cau ed by a mutation in 
other enzymes or ion channels important in mediating or mimicking 
aldosterone' action, 

Hypermlntralocorticoidism a LOW PLASMA REIi/it ACflVJTY Rarely, hyper 
mineralocorticoidism is due to a defect in cortisol biosynthesis, spe 
cifically 11- or 17-'hydroxylation. ACTH levels are increased, with a 
resultant increase in the production of the mineralocorticoid 11-de 
oxycorticosterone. Hypertension and hypokalemia can be corrected by 
glucocorticoid administration. The definitive diagnosis is made by 
demonstruting an elevation of precursors of cortisol biosynthesis in tl1e 
blood or urine or by direct demonstration of the genetic defect. 

Glucocorticoid administration can also ameliorate hypenension or 
produce nom1otension even though a hydroxylase deJi icncy cannot 
be identified (Fig. 321-9). The e patienL~ have nonnal to slightly ele 
vated aldosterone levels U1at do not suppress in response to saline but 
do suppress in response to 2 days of dexamethasone (2 mg/d). The 
condition is inherited as an autosomal dominant rrait and is termed 
gl11cocorricoid-remediob/e aldosteronism (GRA). This entity is sec 
ondary to a chimeric gene duplication whereby the 11-{3 hydroxyla e 
gene promoter (which is under the control of ACTH is fused to the 
aldosterone ynthase coding sequence. Thus, aldosterone synthase ac 
tivity is ectopically expressed in the zona fasciculata and i regulated 
by ACTH, in a fashion similar 10 the regulation of conisol secretion. 
Screening for this defect is best performed by assessing lhe presence 
or absence of the chimeric gene. Because the abnomial gene may be 
present in the absence of hypokalemia, its frequency as a cause of 
hypertension is unknown. lndividuals with suppressed plasma renin 
levels and juveoile-on ct hypertension or a history of early-onset hy 
pertension io first-degree relatives should be screened for thjs di order. 
Early hemorrhagic stroke also occurs in GRA-affected individuals. 

GRA documented by generic analysis may be treated with gluco 
conicoid administration or anlimineralocorticoids, i.e., spironolactone, 
triarntcrene, or amiloride. Glucoconicoids should be used only in small 
doses to avoid inducing iatrogenic Cushing's syndrome. A combina 
tion approach is often necessary. 

/1/GH PLASMA RE/t/N ACTIVITY Baruer Yyndrome is characterized by severe 
hyperaldosteronism (hypokalemic aUmlosis) with moderate to marked 
increases in renin activity and hypercalciuria. but nonnal blood pres 
sure and no edema; this disorder usually begins in childhood. Renal 
biopsy shows juxraglomerular hyperplasia. Barner syndrome is cau ed 
by a mucation in the renal Na-K-2CI co-transporter gene. The patho 
genesis involves a defect in the renal conservation of sodium or chlo· 
ride. The renal loss of sodium is thought to stimulate renin secretion 
and aldosterone production. HyperaJdo teroni m produces potassium 
depletion, and hypokalemia further elevates prostaglandin production 
and plasma renin activity. 1n some cases, the hypokalemia may be 
potentiated by a defect in renal conservation of potassium. 

Gitelman l)•ndrome is an autosomal recessive trnit characterized by 
renal salt wasting and as a result, as in Banter syndrome activation 
of the renin-angiotensin-aldo terone system. As a consequence af 
fected individuals have low blood pressure, low serum potassium, low 
serum magnesium, and high serum bicarbonate. In contrast to Banter 
syndrome, urinary caldum excretion is reduced. Gitelman syndrome 
resultS from loss-of-function mutation of the renal thiazide-sensitive 
Na-Cl co-transponer. 

Increased Mlneralocortlcold Action Liddle syndrome is a rare autosomnl 
dominant disorder that mimicks hyperaldosteronism. The defect is in 
the genes encoding the /3 or 11 subunits of the epithelial sodium chan 
nel. Both renin and aldosterone levels are low, owing to tile consti 
tutively activated sodium channel and the resulting excess odium 
reabsorption in the renal tubule. 



TABlE 321-9 A Checklist for Use Prior to tbe Administration 
of G/ucocortimids In Pfrannacologic Doses 
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Presen ce of tuberculosis or other chronic infection (chest x-ray. 
tuberculin test) 

Evidence of glucose intolerance or history of gestational diabetes mellitus 
Evidence of preexisting ostcoporo is (bone density asses sment in organ 
transplant recipients or postmenopausal patients) 

History of peptic ulcer. gastri ti , or csophagitis (~1001 guaiac t t) 
Bvidenee of hypertensi on or cardiovascular disease 
History of psychological disorders 

A rare autosornal reces ive cause ofbypokalemia and hyperten ion 
is 11,8-HSD II deficiency in which cortisol cannot be converted Lo 
corti one and hence binds to the MR and acts as a mineralocorticoid. 
This condition, also termed apparent mineralocorticoid excess syn 
drome, is caused by a defect in the gene encoding the renal isoform 
of this enzyme, I l/3-HSD ll. Patients can be identified either by doc 
umenting an increased ratio of corti ol to cortisone in the urine or by 
genetic analysis. Patients with the 11 /3-HSD deficiency syndrome can 
be treated with small dose of dexamethasone, which suppresses 
ACJ'H and endogenous cortisol production but binds les well to the 
mineralocorticoid receptor than does cortisol, 

The ingestion of candies or chewing tobacco containing certain 
forms of licorice produces a syndrome that mimics primary aldosier 
onisrn. The component of such agents that causes sodium retention is 
glycyrrbizinic acid, which inhibits 11,a..-HSD U and hence allow cor 
tisol Lo act a a mineraloconicoid. The diagnosis is established or ex 
cluded by a careful h. tory. 
Decreased Mineralocorticoid Production or Action In 'Patients with a defi 
ciency in aldosrerone blosynthesis, the transformation of cortico ter 
one into aldosterone i impaired, owing to a mutation in the 
aldosterone synthase (CYPUB2) gene. These patients have low to 
absent aldo terone secretion, elevated plasma rerun levels, and ele 
vated levels of the intermediates of aldo terone biosymhe is (corti 
costerone and 18-hydroxycorticosterone . 

Pseudohypoaldosteroni ·m typeI(PHA- is an auto omal recessive 
tlj order that is seen in the neonatal period and i characterized by salt 
wasting, hyporension, byperkalemia and high renin and aldosterone 
levels. In contrast ta the gain-of-fun tion mutations in the epithelial 
sodium channel in Liddle syndrome, mutations in PHA-1 result in loss 
of epithelial sodium channel function. 

TABLE 321-10 Supplementary Mmuru to Mlnfmizt Undtsirable 
Metabolic Effects of Glacocorticolds 

PHARMACOLOGIC CLINICAL USES OF ADRENAL STEROIDS 
The widespread u e of glucocorticoids emphasizes the need for a thor 
ough understanding of the metabolic effects of these agents. Before 
adrenal hormone therapy is instituted, the expected gains should be 
weighed again t undesirable effects. Several important questions 
should be addressed before initiating therapy, First, how serious' is the 
disorder (the more serious, the greater the likelihood that the risk/ 
benefit ratio will be po itive)? Second, how long will therapy be re 
quired (the longer the therapy, the greater the risk of adverse side 
effects)? Third, does the individual have preexisting conditions that 
glucocorticoids may exacerbate (Table 321-9)? If so, then a careful 
risk/benefit assessment is required to ensure that the ratio is favorable 
given the increased likelihood of harm by steroids in these patients. 
Supplementary measures to minimize undesirable metabolic effects 
are shown in Table 321-10. Fourth, which preparation is best? 

THERAPEUTIC CONSIDERATIONS The following con iderations should be 
taken into account in deciding which steroid preparation to use: 
I. The biologic half-life. The rationale behind alternate-day therapy 

is 10 decrease the metabolic effects of the steroids for a significant 
pan of each 48 h period while still producing a pharmacologic 
effect durable enough to be effective. Too long a half-life would 
defeat the first purpo e, and too short a half-life would defeat the 
econd. In general, the more potent the teroid, the longer its bio 
logic half-life. 

Monitor caloric intake to prevent weight gain. 
Restrict sodium intake to prevent edema and minimize hypertension and 
potassium loss. 

Provide supplementary p0Ull ·ium if necessary, 
Provide antacid, H2 recept or 11magoniS1, and/or H~ ,K • -A TPase inhibitor 

therapy. 
Institute alterna te-day steroid hedule if possible, Pa ents receiving 
steroid therapy over a prolonged period should be protected by an 
appropriate increase in honnone level during periods of acute ress, 
A rule of thumb is lo double !he maintenance dose. 

Minimize ostcopcnia by 
Administering gonadal honnone replacement therapy: 0.625-1.25 mg 
conjugated trogens given cyclically with progesterone , unless the 
uterus is absent; testosterone replacement !or hypogonadal men 

Ensuring high calcium intake (should be l!l)prox.imately 1200 mg/d) 
Administ ering suPl_l lementlll liitumin D if blood levels of calciferol r 

l ,25(0fl), vilaJilin D arc reduced 
Administerin g b1~1>hosplionate propllyl ctlcaUy, orally or parenterally, in 
high.risk patients 

2. The mineraloc:orticoid effects of r/1e steroid. Most synthetic ster 
oids have less mineralocorticoid effect than hydroconisone (Table 
321-1 ]). 

3. The biologically active. form of the steroid. Conisone and pred 
nisone have ro be convened 10 biologically active metabolites be 
fore anti-inflammatory effects can occur. Because of this in a 
condition for which steroid are )mown to be effective and when 
an adequate do e has been given without response, one should 
con ider substituting bydrocorrisone or prcdnisolone for cortisone 
or prednisone. 

4. The cost of the medication. This is a serious consideration if 
chronic adminislrlltion is planned. Predni one i the least expen 
. ve of avaiJable steroid preparations. 

5. The rype. of formulation. Topical steroids have the distinct advan 
tage ove.r oral steroids in reducing the likelihood of system it ide 
effects. In addition, some inhaled steroids have been designed to 
minimize side effects by increasing their hepatic inactivation if 
they are swallowed (Chap. 236 . However, all topical steroids can 
be ab~orbed into the systemic circulation. 

TABLE 321-11 Glucocorticold Preparotions 
Estimated Potency> 

Commonly Used Home' Glucocarticoid Mlneralocorticaid 

SHORT-ACTING 

H ydrocon:isooe 1 I 
Cortisone. 0.8 0.8 

INTERMEOIATE-AatNG 
Prednisone 4 0.25 
Pi:edn isolone 4 0.25 
Methy!predni solone 5 <0.01 
Triam<: inolone 5 <0.01 

LON6-ACTING 
Pnram ethasone 10 '<0.ol 
Betamelhasone 25 <0.01 
Dexamelhasone 0-40 <0.01 

• 1bc >1eroids = divided into Jhrec groops occording to lhc dururion of biologic activiry. 
Shq11-ac1ing preporaiion., h••e a biologic half-life <J2 h; Ions-acting. >48 h; ond in 
ronnedinre, between L2 and 36 h. To:une inolonc ha.< the longest half-life of the inter· 
,ncdi~~actiog prcparutions. 

• Relative milligmm comparisons Wllh hydroconisonc,sertiog the .slucoconicoid ond min 
craloconicoid propenies of hydrocorti,,one as I. Sodium rc1<n1ion is in,lgnifican1 for 
commonly employed doses of mcthylprcd111solonc. triamcinolone, par.unetJ,n.,one, 
bcmncthasonc. li!ld tlcx:unclhJUone. 
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ALTERNATE-DAY STEROID THERAPY The most effective way to minimize 
the cushingoid effects of glucocorticoids is to administer the total 48- 
h do e a a single dose of intermediate-acting steroid in the morning, 
every other day. If ymptoms of the underlying disorder can be con 
trolled by this technique, it offers distinct advantages. Three consid 
erations deserve mention: (I) The alternate-day schedule may be 
approached through tran ition schedules that allow the patient to adjust 
gradually; (2) upplementary nonsteroid medications may be needed 
on the "off' day to minimize ymptorns of the underlying di order; 
and (3) many ymptoms that occur during tl1e off day (e.g., fatigue, 
joint pain, muscle stiffness or tenderness, and/ever) may regresent 
relative adrenal insufficiency rather than exacerbation of the underly 
ing disease. 

The alternate-day approach capitalizes on the fact that cortisol se 
cretion and plasma levels normally are highest in the early morning 
and lowe t in the evening. The normal pattern is mimicked by admin 
istering an intermediate-acting teroid in the morning (7 to 8 A.M.) 
(Table 321-1 I). 

Initially. the steroid regimen often requires daily or more frequent 
do e of teroid to achieve the desired anti-inflammatory or immunity- 
uppre sing action. Only after this desired effect is achieved is an 
attempt made to switch 10 an alternate-day program. A number of 
schedules can be used for transferring from a daily to an alternate-day 
program. The key points 10 be con idered arc flexibility in arranging 
a program and the use of supportive measures on the off day. One may 
attempt a gradual transition 10 the alternate-day schedule rather than 
an abrupt changeover. One approach i to keep the steroid dose con 
stant on one day and gradually reduce it on the alternate day. Alter 
natively, the teroid dose can be increased on one day and reduced on 
the alternate day. In any ca e, it is important to anticipate that ome 
increase in pain or discomfort may occur in the 36 to 48 h following 
the last dose. 

WITHDRAWAL Of 6LUCOCORTIC01DS FOLLOWING LONG-TERM USE It is 
ble to reduce a daily steroid dose gradualJy and eventually to 
tinue it. but under most circum tances withdrawal of steroids 
be initiated by first implementing an alternate-day schedule. 
who have been on an alternate-day program for a month or more 
perience le difficulty during termination regimens. The d 
gradually reduced and finally di continued after a replacement 
has been reached (e.g., 5 to 7 .5 mg prednisone). Complications 
ensue unle s undue stress is experienced, and patients should 
stand that for 2: I year after withdrawal from long-term high-dose 
oid therapy, supplementary hormone should be given in thee 
a serious infection, operation, or injury. A useful strategy in 
with symptom of adrenal insufficiency on a tapering regimen i 
measure plasma cortisol levels prior to the teroid dose. A level <I 
nmol/L (5 µ.g/dL) indicate suppression of the pituitary-adrenal 
and implie that a more cautious tapering of steroids is indicated. 

In patients on high-dose daily steroid therapy, it is advised to 
duce dosage to -20 mg prednisone daily as a single morning 
before beginning the transition to alternate-day therapy. If a 
cannot tolerate an alternate-day program, con ideration should 
given to the possibility that the patient has developed primary 
insufficiency. 
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322 PHEOCHROMOCYTOMA 
Lewis Landsberg, James B. Young 

Pheochromocytomas produce, store, and secrete catecholamines. They 
are u ·ually derived from the adrenal medulla but may develop from 
chromaffin ceU in or about sympathetic ganglia (extraadrenal pheo 
chromocytoma or paraganglioma ). Related tumors that secrete cat 
echolarnines and produce similar clinical syndromes include cherno 
dectomas derived from the carotid body and ganglioneuromas derived 
from the postganglionic ympathetic neurons. 

The clinical features are due predominantly to the release of cate 
cholamines and, to a lesser extent, 10 the secretion of other substances. 
Hypcnen ion is the mo t common ign, and hyperten ive paroxy ms 
or cri e , often pectacular and alarming, occur in over half the cases. 

Pheochromocytoma occurs in approximately 0.1 % of the hyperten 
sive population but is, nevertheles , an important correctable cause of 
high blood pressure. Indeed, it is u ually curable if diagnosed and 
treated, but it may be fatal if undiagnosed or mi treated. Postmortem 
cries indicate that most pheochromocytomas are un u peeled clini- 
cally, even when the tumor is related to the fatal outcome. 

PATHOLOGY • Lor.ation and Morphology In adults, approximately 80% of 
pheochromocytomas are unilateral and solitary, 10% are bilateral, and 
I 0% are extraadrenal. In children, a fourth of tumors are bilateral, and 
an additional fourth are extraadrenal, Solitary lesions inexplicably fa 
vor the right ide. Although pheochromocytomas may grow to large 
ize (>3 kg). most weigh < 100 g and are< lO cm in diameter. Pheo 
chromocytomas are highly vascular. 

The tumors are made up of large, polyhedral, pleomorphic chro-· 
maffm cells. Fewer than 10% of the e tumors are malignant. As with 

everal other endocrine tumors, malignancy cannot be det 
from the histologic appearance; rumors that contain large numbers 
aneuploid or tetraploid cell • as determined by flow cytomctry, 
more likely to recur. Local invasion of surrounding tissue or · 
metastases indicate malignancy. 

EXTRAAORENAL PHEOCHROMOCYTOMAS Extraadrenal pheochromocyt 
usually weigh 20 to 40 g and are <5 cm in diameter. Most are I 
within the abdomen in as ociation with the celiac, superior rnesen 
and inferior mesenteric ganglia. Approximately 10% are in the th 
l % are within the urinary bladder, and <3% are in the neck, 
in association with the ympathetic ganglia or the extra 
branches of the ninth or tenth cranial nerves. 

Catecholamine Synthesis, Storage, and Release Pheochromocytomas 
thesize and tore catecholamines by processes resembling those or 
normal adrenal medulla. Little is known about the mechanisms of 
echolarnine release from pheochromocytoma , but changes in 
flow and necrosis within the tumor may be the cause in some in 
These tumors are not innervated, and catecholamine release d 
result from neural timulation. Pheochromocytomas also tore and 
crete a variety of peptides, including endogenous opioids, adre 
dullin, endothelin, erythropoietin, parathyroid hormone-related 
tein, neuropeptide Y, and chromagranin A. These peptides contri 
to the clinical manifestations in selected cases as noted below. 

EPINEPHRINE, NOREPINEPHRINE, ANO OOPAMINE Most pheochromocyt 
produce both norepinephrine and epinephrine, and the percentage 
norepinephrine is usually greater than in the normal adrenal. 
extraadrenal pheochromocytomas secrete norepinephrine exclusi 
Rarely, pheochromocytomas produce epinephrine alone, parti 
in as ociation with multiple endocrine neoplasia (ME ). Al 


