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BACKGROUND. Men with prostate carcinoma initially respond to therapies de-

signed to inhibit androgen secretion or block its action. Later, the tumors in these

patients become refractory to androgen-related therapies. Therefore, additional

hormonal maneuvers that would benefit these men currently are needed. Reports

of androgen receptor mutations and historic clinical observations raised the hy-

pothesis that estrogens might be involved in the proliferation of androgen-refrac-

tory prostate carcinoma.

METHODS. To explore this hypothesis, 14 men with advanced prostate carcinoma

that was refractory to medical or surgical orchiectomy and antiandrogens were

entered into a clinical Phase II trial involving suppression of estrogens. After

complete evaluation, each patient received 1 mg daily of the third-generation

aromatase inhibitor anastrozole until disease progression. Follow-up included

serial determinations of prostate specific antigen (PSA), measurements of evalu-

able lesions, and assessment of intensity of pain.

RESULTS. No patient experienced an objective response or disease stabilization as

measured by PSA level or the greatest dimension of the lesion. Minimal improve-

ment of bone pain was reported in two patients receiving intensive analgesic

medication.

CONCLUSIONS. It was concluded that the dependence of androgen-insensitive

prostate carcinoma on estrogens for proliferation is uncommon and that aro-

matase inhibitors may not have a place in the treatment of prostate carcinoma at

this stage of the disease. Cancer 2001;92:2095–101.
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Prostatic carcinoma is androgen-dependent in the majority of men
at the time of initial diagnosis.1 Primary hormonal therapy with

medical or surgical orchiectomy results in objective disease regres-
sion or stabilization for 12–18 months. Complete androgen blockade
with the addition of antiandrogens at the time of initial diagnosis may
provide small additional benefit as evidenced by meta-analysis,2 but
to our knowledge the efficacy of this approach remains controversial.3

Secondary hormonal therapy with antiandrogens at the time of dis-
ease recurrence after primary therapy may benefit additional patients
but disease progression invariably ensues.4 –7 Chemotherapy, al-
though occasionally providing significant palliation, has limited effi-
cacy in producing durable objective or subjective disease remissions
and its appeal is limited due to expense and toxicity.8 –13 Accordingly,
additional hormonal strategies would be quite useful for men failing
androgen ablative therapy.
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Recent studies led us to postulate that prostate
carcinoma cells might be estrogen-responsive at the
time of regrowth after androgen blockade.5,14,15 If cor-
rect, an additional effective strategy for prostate car-
cinoma at this stage of the disease would be the inhi-
bition of estrogen synthesis. The “estrogen
dependence” hypothesis arose because of structure-
function analyses of the androgen receptor.13–14,16

Certain point mutations of the androgen receptor al-
low it to respond to estrogen as a ligand-dependent
promoter of androgen receptor-induced transcrip-
tion.5,14 This concept first was established in the Ln-
CAP (name of the hormone-dependent prostate car-
cinoma cell line derived from lymph node metastasis
of carcinoma of the prostate) prostate carcinoma cell
line. A point mutation at position 868 of the androgen
receptor changed its ligand specificity and allowed
both estradiol and flutamide to stimulate tran-
scription.

The seminal observations in LnCAP cells sug-
gested that the development of resistance to androgen
deprivation possibly could result from androgen re-
ceptor mutations. Putatively, estrogen could take over
from androgen in the regulation of cellular prolifera-
tion under these circumstances. Support for this hy-
pothesis would require the demonstration of muta-
tions in human prostate tumors that allow estrogen to
stimulate androgen receptor-regulated transcription.
Taplan et al. addressed this question and sought to
detect androgen receptor mutations in men with ad-
vanced prostate carcinoma.16 Knowing that receptor
mutations were uncommon in primary prostate tumor
tissue,17–19 they elected to examine mutations in cells
that had metastasized to bone marrow. They found
that 50% of a small group of men had androgen re-
ceptor mutations in prostate carcinoma cells present
in the bone marrow. When androgen receptors con-
taining these mutations were transfected into COS
cells, estradiol caused an increase in the transcription
of reporter constructs.

Historic data also support the hypothesis that es-
trogens may influence the growth of human prostate
carcinoma directly. Glick et al. conducted a trial of the
antiestrogen tamoxifen in men with advanced pros-
tate carcinoma20 and reported a 13% objective re-
sponse rate and 34% improvement in bone pain (17 of
50 patients). Additional reports describe a strategy
analogous to that of tamoxifen, namely the use of
agents that block the rate-limiting step in estrogen
production, the aromatase enzyme. A summary of
several trials using the first-generation aromatase in-
hibitor aminoglutethimide reported that 13.4% of 231
evaluable men with advanced prostate carcinoma ex-
perienced objective tumor regression and 24% expe-

rienced stable disease.5 A more recent study using the
second-generation aromatase inhibitor 4-OH andro-
stenedione reported no objective regressions but a
60% improvement in subjective symptoms in men
with advanced prostate carcinoma.21

The molecular biology and clinical data reviewed
earlier make the hypothesis of the estrogen depen-
dence of advanced prostate carcinoma plausible. To
test this possibility, we conducted a small Phase II trial
with a potent and well tolerated aromatase inhibitor.22

Subjects included men with advanced prostate carci-
noma who had been treated previously with medical
or surgical orchiectomy and an antiandrogen. We se-
lected the third-generation aromatase inhibitor anas-
trozole based on its high potency, selectivity, and
demonstrated efficacy in blocking aromatase in
women with breast carcinoma.23 Analysis of data from
14 patients revealed no objective responses and min-
imal evidence of pain relief. On this basis, we con-
cluded that aromatase inhibitors do not appear to
have sufficient therapeutic potential in men with ad-
vanced prostate carcinoma to merit further clinical
trials.

MATERIALS AND METHODS
For this Phase II study, criteria for study entry in-
cluded evidence of disease progression after either
complete androgen blockade as primary therapy or
use of an antiandrogen as a second-line hormonal
treatment for progressive disease after initial mono-
therapy with medical or surgical castration. Progres-
sive disease was defined as either (1) 3 consecutive
rising prostate specific antigen (PSA) measurements,
each separated from the others by at least 2 weeks
with at least 1 level of PSA . 10 ng/mL and 50% above
the nadir PSA achieved after previous therapeutic ma-
neuvers or (2) progression of soft tissue metastases
(increase of . 25% in the dimension product of any
measurable disease) or the appearance of new bone
metastases. Patients were observed for withdrawal re-
sponses to flutamide, bicalutamide, or nilutamide
when applicable. No limitation on the number of prior
cytotoxic chemotherapies was imposed. For patients
treated with medical orchiectomy, the gonadotropin-
releasing hormone (GnRH) analogue was continued
during use of anastrozole. Patients were required to
have a serum creatinine level , 2.0 mg/dL, a granu-
locyte count . 1500/mm3, a platelet count . 100,000/
mm3, hemoglobin . 9.0 g/dL, aspartate aminotrans-
ferase/alanine aminotransferase , 3 times higher
than normal limits, and bilirubin , 1.5 times higher
than normal limits. Additional criteria included an
Eastern Cooperative Oncology Group (ECOG) status of
0 –3 or its equivalent and a life expectancy . 12 weeks.
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Pretreatment evaluation included history and
physical examination; complete blood count; mul-
tiphasic screening for renal, hepatic, and metabolic
assessment; and measurement of testosterone and
PSA. Radioisotopic bone scans were obtained in all
patients as well as confirmatory skeletal X-rays and
computed tomography scans if required. A 10-cm vi-
sual analogue scale (0 for no pain, 10 cm for greatest
pain intensity) was used for the evaluation of bone
pain and either the ECOG, Karnofsky, or FACT-P (Ver-
sion 3)24 scales were used to assess performance status
and quality of life.

After entry to the study, the patients received 1 mg
of anastrozole daily by mouth. They were evaluated
every other week, at which time PSA levels were ob-
tained and any palpable lesions measured. The origi-
nal study planned assessment of pain scores, perfor-
mance status, and bone scans at 3-month intervals.
Because the majority of patients were off study by that
time period, chart records were used to assess self-
reported pain during therapy.

Standard criteria25 were planned to define com-
plete and partial responses. Disease progression re-
quired the usual anatomic criteria or three consecu-
tive increases in PSA that led to at least a $ 50%
increase over baseline or over the nadir observed dur-
ing a response.5 Stabilization of disease required that
patients not meet the criteria for complete or partial
regression or disease progression for at least 90 days.
Subjective responses were based on the visual ana-
logue pain score and required a 50% improvement to
qualify as a partial subjective response. Participating
physicians were allowed to make the decision that
clinical judgment required termination of therapy and
change to another modality before predefined criteria
for disease progression were reached. For that reason,
five patients with a . 50% increase in PSA over base-
line were switched to another therapy before three
consecutively rising PSA measurements were demon-
strated. In four patients, only two consecutively rising
PSA values to 50% over the baseline were documented
and in one patient only one sample exceeded 50% of
baseline.

The initial study design planned the accrual of 45
eligible patients to test the null hypothesis of an ob-
jective response rate of 5% against the alternative hy-
pothesis of 15% with approximately 80% power at the
0.73 level of significance. Early stopping rules were not
included in the study design. However, the lack of
observed objective or subjective responses in the first
14 patients resulted in the decision to terminate the
study early. Data from these 14 patients were used
post hoc to calculate the upper limit of a one-sided
95% confidence interval.

The protocol was approved by the Institutional
Review Board, the General Clinical Research Center
Review Committee, and the Cancer Center Protocol
Review Committee at the University of Virginia.
Signed informed consent was obtained from all pa-
tients. MEDLINE was searched from 1980 –2000 as the
source of the literature.

RESULTS
The study population involved heavily pretreated men
with a high proportion of extraskeletal involvement,
high PSA levels, low performance status, substantial
bone pain, and a low hematocrit level.26 Key parame-
ters in the study patients (Table 1) included a mean
age of 64 years; castrate testosterone levels (range,
undetectable to 39 ng/dL); an average of 2 prior hor-
monal and 0.6 chemotherapeutic modalities; 13 of 14
patients with involvement of the axial skeleton and 6
of 14 patients with appendicular skeletal lesions; 6
patients with soft tissue, lymph node, or visceral me-
tastases; a median PSA of 199 ng/mL (range, 13.5–7776
ng/mL); a mean hematocrit of 36.3; and a median pain
score of 2 of 10. Thirteen of the 14 men had received
antiandrogen therapy in the form of flutamide, nilut-
amide, and/or bicalutamide.

No patient experienced complete or partial objec-
tive regression nor disease stabilization for $ 90 days
in response to anastrozole. Ten of 14 patients experi-
enced a $ 50% increase in PSA at an average of 5
weeks from the initiation of therapy (Fig. 1A). Of the
remaining 4 patients, (Fig. 1B), 1 died of prostate
carcinoma at Week 8, 1 had a . 25% increase in
cervical lymph node size at Week 8, and 1 experienced
an increase in epidural mass on magnetic resonance
imaging at Week 9. The fourth patient had a 39%
increase in PSA at Week 6 and clinical deterioration
resulting in the discontinuation of therapy. The upper
limit of a 1-sided 95% confidence interval for none of
14 responses was 19.3%, which can be interpreted as
evidence that anastrozole is unlikely to be effective in
. 19.3% of patients.

A subjective benefit from anastrozole was not ap-
parent. In the patients with bone pain, four reported
worsening of symptoms and three patients experi-
enced disease stabilization while receiving therapy.
Two patients reported minimal improvement in bone
pain (5 cm to 3 cm and 6 cm to 4 cm, respectively, on
a scale of 10 cm) but the concomitant use of narcotic
analgesics made interpretation difficult.

DISCUSSION
Prior studies by Taplan et al. demonstrated androgen
receptor mutations in prostate carcinoma cells in the
bone marrow of men with advanced disease.16 These
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mutations, similar to those found in the LnCAP pros-
tate carcinoma cell line,14 allowed estrogen to become
an active ligand for the stimulation of androgen re-
ceptor-induced transcription of a reporter gene. These
observations led to the hypothesis that the use of
inhibitors of estrogen biosynthesis might cause tumor
regression in men with prostate carcinoma who pre-
viously had undergone therapy to block gonadal and
adrenal androgens. The current Phase II study was
designed to test this hypothesis. Unfortunately, we
found no evidence of efficacy of a potent third-gener-
ation aromatase inhibitor in prostate carcinoma pa-
tients previously treated with medical or surgical
castration and antiandrogens. Based on these obser-
vations, we concluded that estrogen suppression in
this subset of patients with prostate carcinoma is un-
likely to cause tumor regression or clinical improve-
ment.

The lack of responses in the current study popu-
lation could have resulted from a lack of androgen
receptor mutations or from mutations that allow es-
trogen to induce transcription of reporter genes but
not to enhance the rate of proliferation. To our knowl-
edge, the frequency of androgen receptor mutations
reported in men with prostate carcinoma has been
controversial17–19,27 and most likely depends on the
stage of disease, the site of the tumor (primary vs.
metastatic), and the method used for analysis of the

androgen receptor. The current study did not enable
us to provide further insight into this issue.

A potential explanation for the negative results in
the current study is that estradiol levels were not sup-
pressed sufficiently by anastrozole. However, this
third-generation inhibitor is nearly 1000-fold more
potent than the first-generation inhibitor aminoglute-
thimide and has been found to uniformly inhibit es-
tradiol in women with breast carcinoma.22 Dose re-
sponse studies in women indicate no further benefit
from 10 mg versus 1 mg of anastrozole daily.28 Anas-
trozole has been shown to inhibit estrogen production
acutely in healthy men.29 Escape from suppression
could occur in men with intact hypothalamic-pitu-
itary-testicular axes because interruption of the nega-
tive feedback effects of estradiol would stimulate lev-
els of the substrate for aromatase. However, this
would be precluded in the men in the current study
because they had either undergone surgical orchiec-
tomy or were treated continuously with GnRH agonist
therapy (medical orchiectomy). Although we did not
measure estradiol systematically, these considerations
make it unlikely that insufficient estradiol suppression
explains the results of the current study.

We cannot conclude from this small Phase II
study that aromatase inhibitors are completely inac-
tive in prostate carcinoma. We terminated the study
before the originally planned 45 subjects were accrued

TABLE 1
Summary of Baseline Characteristics of the Patients Entered on the Study

Patient
no.

Age
(yrs)

Prior
hormone
therapies

Prior
chemotherapies

Involvement

PSA
(ng/mL) BonePaina

Testosterone
ng/100 mL Hct

Axial
skeleton

Appendicular
skeleton

Visceral, soft
tissue, lymph node

1 74 2 0 0 0 0 13.5 0 , 0.6b 37.8
2 56 2 0 1 1 0 15.0 5 22 40.1
3 62 3 1 1 0 1 18.2 Back and hipc 4 29.1
4 77 1 0 1 1 0 592 4 13 36
5 56 3 0 1 0 0 16.7 0 19 41
6 58 1 1 1 1 0 199 5 , 0.6b 37
7 75 2 1 1 0 0 70.6 0 , 15 35
8 60 2 2 1 1 1 7766 6 26 33
9 80 2 0 1 0 0 86.2 Vague thigh painc 17 42.9
10 45 2 1 1 1 1 686 5 , 15 31.8
11 62 1 0 1 1 1 144 5 18 36.8
12 62 4 0 1 0 1 10.8 0 39 41
13 78 4 0 1 0 0 85 2 , 20 35.6
14 55 1 3 1 0 1 358 1 , 20 31.5
Average 64 2 0.6 719 2.3 36.3
Median 199 2.0

PSA: prostate specific antigen; Hct: hematocrit.
a Analogue scale 0/10 cm.
b Free testosterone.
c Analogue not recorded.
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because of an absence of demonstrable clinical bene-
fit. Originally designed to prove or exclude an objec-
tive response rate of 15%, the study now can only
exclude a benefit exceeding 19.3% with a 95% confi-
dence interval. With the entry of a larger number of

patients, it is possible that objective responses would
be observed and that some patients may have estro-
gen-responsive disease.

The selection of a subgroup of patients who had
responded to antiandrogen withdrawal might have

FIGURE 1. (A) Prostate specific anti-

gen (PSA) levels were expressed as the

ratio of the basal value to level of treat-

ment for the duration indicated. All data

points were rounded off to the nearest

week of treatment. Data from individual

subjects were numbered to allow corre-

lation with the basal data shown in Table

1. Of the 14 patients, 10 patients were

identified as having progressive disease

based on an increase in their PSA . 1.5

(i.e., a 50% increase over baseline). (B)

The 4 patients whose PSA levels did not

exceed 50% of the baseline values while

they were receiving treatment. Patient 3

died of prostate carcinoma during Week

8 of therapy. Patient 4 had an only 39%

increase in the PSA level but therapy

was discontinued based on continued

symptoms of disease. Patient 8 had a

25% increase in the size of a cervical

lymph node. Patient 13 was found to

have an increase in an epidural mass on

magnetic resonance imaging.
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enhanced the response rate to aromatase inhibitor
therapy. No patient in the current study was found to
exhibit an antiandrogen withdrawal response. The an-
drogen receptor mutations that allow flutamide to
stimulate tumor growth most likely explain with-
drawal responses. In LnCAP cells and in the tumors
studied by Taplin et al., the mutations associated with
flutamide stimulation also were associated with estro-
gen stimulation of an androgen reporter gene.14,16

Several pitfalls of the current study must be taken
into account when interpreting these data. First, the
initial plan was to assess pain score systematically
after 3 months of therapy but all patients in the study
had developed disease progression by that time pe-
riod. Consequently, analysis of pain relief at each visit
involved use of the investigators’ written comments
rather than the visual analogue scale. Second, anas-
trozole was discontinued early in one patient at the
discretion of the investigator because of continuing
symptoms of disease when PSA levels had increased
by only 39%. In four additional patients, only two
consecutively PSA values increasing to . 50% above
baseline were detected before the termination of ther-
apy and in another patient, only one level was de-
tected. Third, increases in the PSA levels provided the
sole means of determining tumor progression in 11 of
14 patients because disease progression occurred
prior to the planned reassessment of bone scans and
skeletal surveys. Although the majority of investigators
agree that this approach is valid,5 demonstration of
anatomic changes in bone lesions would have pro-
vided more definitive evidence of disease progression.
Fourth, three patients had received prior glucocorti-
coids either as secondary therapy, in combination
with mitoxantrone, or as replacement after suramin
therapy. Glucocorticoids can suppress estrogen levels
by inhibiting the levels of adrenal androgens, which
serve as substrates for aromatase. Pretreatment with
these agents possibly could confound interpretation
of the later use of aromatase inhibitors. Finally, one
patient received pretreatment with the first-genera-
tion aromatase inhibitor aminoglutethimide. Hydro-
cortisone must be given concomitantly with this ad-
renal inhibitor and, consequently, to our knowledge,
the precise mechanism of action of aminoglutethim-
ide in patients with prostate carcinoma is unknown.
Initially, stopping rules were not included in the cur-
rent study because anastrozole has not been reported
to be associated with significant toxicity or major side
effects and patient accrual was anticipated to be at a
higher rate. However, when no objective responses in
the first 14 patients were observed, the physicians
involved decided to terminate the study early.

Overall, the study objective was to determine

whether anastrozole would produce objective re-
sponses in at least 15% of prostate carcinoma patients.
Analysis of data from 14 patients revealed no objective
responses and minimal evidence of pain relief. Al-
though certain pitfalls outlined earlier potentially con-
founded interpretation of data, the lack of any demon-
strable responses provides strong evidence of lack of
efficacy. On this basis, we concluded that aromatase
inhibitors do not have sufficient therapeutic potential
in men with advanced prostate carcinoma to proceed
with further clinical trials.

REFERENCES
1. Santen RJ. Endocrine aspects of prostate cancer. In: Becker

KL, Bilezikian JP, Bremner WJ, Hung W, Kahn CR, Loriaux
DL, et al., editors. Principles and practice of endocrinology
and metabolism. Philadelphia: J.B. Lippincott Company,
1990:1656 – 63.

2. Caubet JF, Tosteson TD, Dong EW, Naylon EM, Whiting GW,
Ernstoff MS, et al. Maximum androgen blockade in ad-
vanced prostate cancer: a meta-analysis of published ran-
domized controlled trials using non-steroidal antiandro-
gens. Urology 1997;49:71– 8.

3. Eisenberger M, Blumenstein BA, Crawford ED, Miller G,
McLeod DG, Loehrer PJ, et al. Bilateral orchiectomy with
and without flutamide for metastatic prostate cancer.
N Engl J Med 1998;339:1036 – 42.

4. Scher HI, Mazumar M, Kelly WK. Clinical trials in relapsed
prostate cancer: defining the target. J Natl Cancer Inst 1996;
88:1623– 4.

5. Santen RJ, Thibault A, Myers C, Chung L. Meeting summary:
Workshop conference on endocrine therapy of advanced
prostate cancer, Airlie House, November 3– 4, 1996, Urol
Oncol 1997;3:31–38.

6. Manni A, Santen RJ. Clinical uses of aromatase inhibitors.
In: Furr BIA, Wakeling AE, editors. Pharmacology and clin-
ical uses of inhibitors of hormone secretion and action.
London: Balliere Tindall, 1987:271– 87.

7. Reese DM, Small EJ. Secondary hormonal manipulations in
hormone refractory prostate cancer. Urol Clin North Am
1999;26:311–21.

8. Pienta KJ, Redman B, Hussain M, Cummings G, Esper PS,
Appel C, et al. Phase two evaluation of oral estramustine and
oral etoposide in hormone refractory adenocarcinoma of
the prostate. J Clin Oncol 1994;12(10):2005–12.

9. Hudes GR, Greenberg R, Krigel RL, Fox S, Scher R, Litwin S,
et al. Phase 2 study of estramustine and vinblastine, micro-
tubule inhibitors in hormone refractory prost cancer. J Clin
Oncol 1992;10:1754 – 61.

10. Moore MJ, Osaba D, Murphy K, Tannock IF, Armitage A,
Findlay B, et al. Use of palliative end points to evaluate the
effects of mitoxantrone and low-dose prednisone in patients
with hormonally resistant prostate cancer. J Clin Oncol
1994;12:689 –94.

11. Petrylak DP. Chemotherapy for advanced prostate cancer.
Urology 1999;54(6A Suppl):30 –5.

12. Millikan RE. Chemotherapy of advanced prostatic carci-
noma. Semin Oncol 1999;26:185–91.

13. Oh WK, Kantoff PW. Management of hormone refractory
prostate cancer: current standards and future prospects.
J Urol 1998;160:1220 –9.

2100 CANCER October 15, 2001 / Volume 92 / Number 8



14. Veldscholte J, Ris-Stalpers C, Kuiper GCJM, Jenster G,
Berrevoets C, Classen E, et al. A mutation in the ligand
binding domain of the androgen receptor of human LN-
CAP cells affects steroid binding characteristics and re-
sponse to anti-androgens. Biochem Biophys Res Commun
1990;173:534 – 40.

15. Carruba G, Pfeffer U, Fecarotta E, Coviello DA, D’Amato E,
LoCastro M, et al. Estradiol inhibits growth of hormone-
nonresponsive PC3 human prostate cancer cells. Cancer Res
1994;54:1190 –3.

16. Taplin M-E, Bubley GJ, Shuster TD, Frantz ME, Spooner AE,
Ogata GK, et al. Mutation of the androgen receptor gene in
metastatic androgen independent prostate cancer. N Engl
J Med 1995;332:1393– 8.

17. Barrack ER. Androgen receptors in prostate cancer. Mt Sinai
J Med 1996;63:403–12.

18. Taplin ME, Bubley GJ, Ko YJ, Upton M, Rajeshkumar B, Balk
SP. Selection of androgen receptor mutations in prostate
cancers treated with androgen antagonist. Cancer Res 1999;
59:2511–5.

19. Marcelli M, Ittmann M, Mariani S, Sutherland R, Nigam R,
Murthy L, et al. Androgen receptor mutations in prostate
cancer. Cancer Res 2000;60:944 –9.

20. Glick JH, Wein A, Padavic K, Negendank W, Harris D, Brod-
kovsky H. Phase II trial of tamoxifen in metastatic carci-
noma of the prostate. Cancer 1982;49:1367–72.

21. Davies JH, Dowsett M, Jacobs S, Coombs RC, Hedley A,
Shearer RJ. Aromatase inhibition: 4-OH androstenedione

(4-OH A, CGP 32349) in advanced prostate cancer. Br J
Cancer 1992;66:139 – 42.

22. Santen RJ, Harvey HA. Use of aromatase inhibitors in breast
carcinoma. Endocr Relat Cancer 1999;6:75–92.

23. Lonning PE. Aromatase inhibition for breast cancer treat-
ment. Acta Oncol 1996;35(Suppl 5):38 – 43.

24. Robinson JW, Saliken JC, Donnelly BJ, Barnes P, Guyn L.
Quality of life outcomes for men treated with cryosurgery for
localized prostate carcinoma. Cancer 1999;86:1793– 801.

25. Aabo K. Prostate cancer: evaluation of response to treat-
ment, response criteria, and the need for standardization of
reporting of results. Eur J Cancer Clin Oncol 1987;23:231– 6.

26. Emrich LJ, Priore RL, Murphy GP, Brady MF. Prognostic
factors in patients with advanced stage prostate cancer.
Cancer Res 1985;45:5173–9.

27. Tilley WD, Buchanan G, Hickey TE, Bentel JM. Mutations in
the androgen receptor gene are associated with progression
of human prostate cancer to androgen independence. Clin
Cancer Res 1996;2:277– 85.

28. Buzdar AU, Jonat W, Howell A, Jones SE, Blomqvist CP,
Vogel CL, et al. Anastrozole versus megestrol acetate in the
treatment of postmenopausal women with advanced breast
carcinoma: results of a survival update based upon com-
bined analysis of data from two mature phase III trials.
Cancer 1998;83:1142–52.

29. Plourde PV, Dyroff M, Dowsett M, Demers L, Yates R, Web-
ster A. A new oral, once a day aromatase inhibitor. J Steroid
Biochem Mol Biol 1995;53:175–9.

Anastrozole in Treatment of Advanced Prostate Carcinoma/Santen et al. 2101


