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' HIGH-DOSE TESTOSTERONE & PROSTATE CANCER
WAIT UNTIL YOU READ THIS UPDATE, September 1, 2009

T am pleased and proud to announce that our manuscript has been
accepted for publication in an upcoming print and on-line
edition of . British Journal of Urology, International. Our
article, written primarily by Dr. Tanya Dorff, reports on
results from treating 96 prostate cancer patients from my
practice with high-dose Testosterone Replacement Therapy (TRT).
Almost all patients were felt to be in remission from their
prostate cancer before starting treatment with TRT. In my very
strong (as wusual) opinion, this is the absolute major
explanation for the wvastly superior outcomes seen in our
patients compared to any other TRT series of prostate cancer
patients, many (most) of whom did not have local therapy.

The lead article from the August 2009 European Urology, Michael
J. Morris, et al., Volume 56 (2009), pages 237-244, and the
Editorial that followed, Robert Gardiner, et al., pages 245-
246, report and describe results using “High-Dose Testosterone
in Patients with Metastatic Castration Resistant Prostate
Cancer.” I believe that this article is the first time that
internationally known and highly respected prostate cancer
experts reached conclusions regarding testosterone and prostate
cancer that are much more similar to the opinions/beliefs/
theories/positions that I have written about on my website, and
have been the subject of recorded DVD lectures that I have been
giving for almost 10 years regarding the relationship between
prostate cancer and testosterone., My ideal target level for
testosterone is 1,800-3,000 ng/dl while the patients in this
article had levels of about 550-750 ng/dl.

Did you ever believe you would see an article state that using
high-dose testosterone to treat men with metastatic castration
resistant prostate cancer can be done SAFELY; that preclinical
and animal studies sheoew high levels of testosterone can
suppress prostate cancer cell growth, but low levels of
testosterone can stimulate the growth of prostate cancer cells?

And although no patient required it, this study called for
patients who showed evidence of toxicity from testosterone to
be treated with 150 mg of Casodex per day, not 50 mg!! So many
critics of mine have argqued with my recommendation to always
use 150 mg of Casodex a day, not 50 mg per day. I started
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using this dose in 1997. I believe that this is the first
article I have seen (this does not imply that just because I
have not seen an article that it does not exist) that advised
this dose of Casodex. Now that Casodex is generic, I wonder
whether other prostate cancer doctors will find indications for
the 150 mg/day dose.

But this article is such sweet wvindication for me. I am
certain that over the past 10 years or so, since I first
started to use testosterone on some of my prostate cancer
patients, that some rather nasty remarks to describe me
personally and professionally have been used. Perhaps some of
these critics now need to rethink their positions on the
relationship between testosterone and prostate cancer,

What is sweetest of all is that this approach, which I have
used on well over 200 patients, provides hope and the
possibility that a potentially new and effective treatment
approach for some prostate cancer patients may soon be offered
to many more men who until very recently have believed that
they would never again be allowed to experience the effects of
testosterone. And men on high-dose TRT almost always feel
incredibly well.

And, as always —

Be happy,
Be well,

Live long and prosper,

ol Feilo e,

BOB LEIBOWITZ, M.D.
BL:nf

September 1, 2009

*% None of the above should be construed as medical advice or consultation,
and anything discussed in this paper is meant for information only. All
medical treatments, consultations, decisions and recommendations can only
be made by the patient and his/her treating physician. There are side
effects associlated with all medicines, and the reader is reminded to discuss
the risks, benefits, and alternatives of every medication with their
prescribing decter before taking any medicine.
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Backgronmd: Growth of selecte castration-reslstant prostate cancer (CRPC) cell lines
and anintal models can bg iepressecl y reexposure to androgens. Lo ses of androgens,
!wwm@ﬁ%ﬂm@m

Objective: We performed 2 phase 1 clinical trial to determine the safety of high-dose
exogenous (85tosterone i patients with castration-Tesistant metastatic prostate cancer
{(CRMPC), e

Desigh, “setting, and participants: Patients with progressive CRMPC who frad been
dermal testosterone,

Intervention; Cohorts of 3-G patients received testosterone for 1wk 1-mo, or until
disease progression,

Nieastrements: Toxicitles, androgen levels, prostate-specific antigen (PSA) assays, com-
puted tomography (CT) scans, bone scintigraphy, positron emission tomagraphy {PET)

scans, and metastatic iumor biopsy androgen receptor levels were assessed.
Results and fimitations: Twelve patients were treated—three In cohorts 1 and 2 and sixin_

cohorra@%@%g%ﬁﬁme patlent came off study hecause of epldural disease,
wiiich Wwas treated with Tadiation, Average testosterone levels were within normal limits,
although dihydrolestosterone (DHT] levels on average wére supraphysiclogic in cohort 3,
One patient achieved a PSA decline of >50% from hasellne-Na objective responses were
e Tor colort 3, edian tine on teatmentéyas 84 d (range; 23-247

fsately treated)in

Concitisions: We have demonstrated that patients with CRMPC can be
clinical trials usﬁg‘ #-dose - exogerious_festosteron did fiof_bn_average,

E e ststained SUpraphys dgic serum testosferone Jovels) Future studies should
g_?mpi'oy Sfrategies to wmaximize testosterone serum Tevels, Uise conteriporaty methods
of [dentifying patients with and Ggen Teceptor overevpression, and ulilize PSA Working
Grotip T Consensus Criterfa clinical trial énid points. :

Triaf registration: ChnlcalTrials.gov; NCTO0006044,

© 2009 Buropean Assoclation of Urology. Published by Elsevier B.V. All rights reserved.

+ Corresponding author. Genltourinary Oncology Service, Departent of Medlclne, Memorial
Sloan-Kettering Cancer Center, 1275 York Avenue, New York, NY 10085, USA. Tel, +1 646 422 4469;
Fax: +1 212 988 0701,
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1. Intraduction

Since the late 1940s, the standard treatment for metastatic
prostate cancer gricﬂ_ has been medical or surgical
castration [7,2). Even_atter patients progress following
primary ~ castraling hormonal theraples, secondary or
tertiary ~Horitiones, or ¢Aemotherapy, most still_receive
androgen-lowering agents. The assumptfon Is that rising
testosterone levels stimulate tumor growth, since the
ancgl'ggen receptor remains functlonal even in cagtration-
resistant patlents.

Preclinical data, however, suggest that in select circum-
stances, there may be a role for testosterone repletion,
even in the setting of castration-resistant disease. Andro-
gen-independent _cell Tines, derived by raising LNCaP and
others Inandrogen-depleted mediafor several generations,
demonstrategrowth repressionfwhen treated with supra-
physiologic levels of exogenous, high-affinity androgens.
Growth of these cells, characterized by androgen receptor
(AR) overexpressionand gene amplification, Is Inhibited by
synthetic androgens at concentrations >0.1 oM (normal
inale testosterone levels: 10-35 nM}[3-6], Animalinadels
have demonstrated tumor necrosis and regressfon with
testosterone supplementation [7], Paradoxically, growth

o o I,
can be promaoted by andragens at lower concentrations
[3.4,8].

Eatly experiences using testosterone supplementation at
Memortal Sloan-Kettering Cancer Center (MSKCC) between
1949 and 1967 resulted in adverse outcomes, including
rapid progression. In those anaiyses, 45 of 52 evaluable
patients appeared to suffer with added testosterone, These
patients represented mixed clinical states: hormone naive,
castratlon sensitive, and castration resistant. The latter
patients fared the worst, with 94% suffering ill effects from
treatment {9], In separate studies using androgen piiming
prior to chemotherapy, survival and other clinical outcomes
were Jower than in patients receiving chemotherapy alone
[10,11]. Reports of besefit, particnlaly—in_castration-
resistant patfents, have been isolated and anecdotal [12].

We sought to test whether exogénhous testosteronc
might he safely investigated In a manner that mirrors the
successful preclinical data by treating a uniform group of
patients with long-term castratfon-resistant metastatic
disease using exogenous androgen at concentrations above
an as-yet-unkhown threshold of actlvity. We performed a
phase 1 trial to test this hypothesis,

2. Patients and metlods

2.1, Eligibillty criteria

Patlents sere >18 yr of age and signed thelr informed consent, The trial
was approved by the institutional review board of MSKCC. Eiigible
patients had histologically confirmed PCa, which had become pfogres-
sive, metastatic, and castration resistant. Radlographic progression was
defined by World Health Grgantzation (WHO) eriterla [13]; new osseous
tesfons were determined by bone scintigeaphy. g!ochenlmﬂ___u\rg_gﬁegigg
was defined as a 25% increase in prostate-spedﬁc antigen {PSA r

three tests, Pallents were required 0 be castrated by orchlectomy or by

[ P

gonadotropin-releasing hormene {GnRH) analogues for a minimum of
R T e}

yr and were required to continue GiRH analogues during treatment if
mm-cewe
other antlcancer treatments within a month of treatment, Eutrywasalso
contingent on a serum testosterone <30 ngfml, white bload cell count
>3500/mm’, platelet count >100 000/mm®, bitirubin <2.0mgfdi,
créatinine <2.0mgfdl or creatinine clearance >60mijmin, and pro-

thirombin time <i4.5 5.

2,2, Treatment

Because prechnical data suggest that high levels of testosterone might
arrest growih while lower doses could {nduce tumor flare, ﬂl_pitigﬁs
received three thmes the standard replacement doses of {estosterone to
minimize the Rkelihoad of falling Into the concentration associated with
tumdf” gigiwth. We originally used testosterone Smg transdermal
patches (Testoderm T1S, ALZA Pharmaceuticals, Palo Alto, CA, USA).
This product was discontinued by the manufacturer, so we chose
testasterone gel 1% CHI (AndroGel, Unimed Pharmaceuticals, Deerfield,
iL, USA] for the remainder.of the teial, If any grade 3 or 4 toxicity sccurred
during testosterane tratio s patfent was evaluated to receive
150 mg of bicalutamidg}Casode, AstraZeneca, Wilmington, DE, USA) to
counter the effects of testosterone, Tumor flare, defined as an ircrease in
tumor-related symptoms duclng the first 2 wk of therapy, did not
mandate withdrawal from the study unless it represented toxicity of
grade >3,

The duration of testosterone repletion was escalated by cohaort;
Cohort 1 received 7 d of treatment, followed by a 4-wk ebservation
period; cohort 2 recelved 4 wk of treatment, followed by a 4wk
observation perfod; and cohort 3 was treated until progression (Fig. 1}.
Cohoris 1 and 2 were designed to hold three to six patients; cohort 3 was
intended to hold six patients by desigi.

23 Toxicity

Natlonat Cancer [nstltute Common Toxicity Criterfa (NCI-CTC) v.2 were
used. A history, physical exam, complete blood count (CBC), and
chemistries werte done prior to treatment, on days 2 and 4 and every
week unttl study términation. .

24. Serwm drug levels

Serum levels of testosterone, free testosterone (FT), dihydrotestosterone
{DHT}), and sex-hormone-binding globulin {SHBG} were assayed on day
1, on day 4, and weekly thecealter. Patlents applied the testosterone
patch or gel on the night of day zeco. §e5u m testosterone was determined”
by a competitive salld-phase radlolfimunoassay (RIA; Coat-A-Count,
Stemens Medicat Solutions, Tarrytown, NY, USA). Assay imprectslonatall
cancentrations levels was <10%. DHT was determined by a competitive
solid-phase RIA. FT was determined by calculation after measuring
SHBG, testosterone and albumin, The percent of FT 15 a function of
the concentrations of SHBG, albumin, and testosterone, with the relative
concentrations of testosterone ancd SHBG factoring in the dissoclatfon
constants for SHBG and atbumlin,

25,  Antitwmor effects

Response assessments by PSA, bone scan, and soft-tissue Imaging were
performed every 8 wiand at study termination except in cohort 1, when
repeat Imaglng was performed at week 5 (Fig. 1) WHO crlterta were uised
for assesslng changes in measurable disease. Postteeatment PSA
alterations were recorded for all patients. Few assumptions were made
regarding the clintcal meaning of postiveatment PSA alterations becatise
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Flg. 1 - Treatment scliema, CBC = complete blood count; PET = positeen emifssion tomograpliy.

the treatment directly activates PSA ‘expressfon, A sustained PSA
increase of >50% from haseline over three tests was considered disease
progression.

2.8, Correlative studles

Tissue biopsles from metastatic sites were obtalned from consenting
patients at baseline to determine the correlatlon between AR expression
by immunohistochemistry with clinical outcomes: Primary antibodies
(AR; Dakag, Carpinterla, CA, USA) were applied to Hssue sections at a
dilution of 1:50 In 0.5% bovine serum albumin (BSA)phosphate-bulfered
saline (PBS) and incubated overnight, The Dako LSAB2 detecilon system
(catalog no. KOG75) was used per the manufacturer's instructions, and

the slgnal was developed with diaminobenzidine. Sectlons were

counterstained in Mayer's hematoxylin followed by cover slipping.
‘The cells were stalned using immunohistochemistry, and the intensity.of
AR expression was measured (0, 14, 24, 3¢),

Additionally, because PSA was felt to be an unreliable measure of
teeatment effect with this therapy, flucrodeoxyglucose (FDG) positcos
emission tomography (PET) scanuing? Shown to be a useful indicator in
PrevIons prospective contralled clinfcal trlals _[14], was used to
de‘fgﬁﬁﬁ’é{é‘tﬁtﬁenpmiateﬂ metabolic changes, FDG PET scans were
OWRG | at study termination for all cohorts. An FDG PET
sCan was also obtained during the week following treatment for cohorts
1 and 2 {weeks 2 and &, respectively), PET scans were read via visual
inspection and were categorized'as progressing, stable, mildly respond-
ing, or responding.

27 Blostatistic conslderations

The primaty end point of the trlal was to determine both the saféty and
the antitumor effects of exogenous high-dose testosterone, Dase-
fmiting toxicity was defined as. grade >3 toxlcly using NCI-CTC v.2.
The maxtmum tolerated dose was defined as the highest dose [evel with
an observed incidence of dose-limiting toxlcity in fwo of six patlents. If
therisk of toxicity was 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50%,
the probability of escalation was predicted to be 98%,93%, 81%, 71¥, 60%,
49%, 10%, 31%, 23%, or 17%, respectively,

3. Results
3.1. Patients

Twelve patients were treated, Table 1 contains demo-
graphics, disease status, and prior treatment histories.
Eleven of the 12 patients had bone disease, and 3 out of 12
had measurable soft-tissue disease, By delinition, ail
patienis were castrate for at least 1 yr; the median number
of hormonal manipulations was three, Five patients had
progressed through prior taxane-based chemotherapy.

3.2 Treatment

Three patients were treated in both cohorts 1 and 2. Six
patients in cohort 3 were treated uatil progression. All
patlents in coborts 1 and 2 were treated with transdermal
patches (six patients totat), while all patients in cohort 3
were treated with testosterone gel. No patient changed the

méans of téstosterone delivery midtreatment,

3.5, Adverse events

Treatment was well tolerated in all cohorts, with no grade

3-4depisodes of pain, One patlent incohort 3 had'a history of
epidiital diséase prior to entering the study and developed
low-giadé Back pain. He was found fo have a T4 cord
colnpression Without any neurdlogic findings and experl-
enced a 34¥ decline in PSA after 21 d on treatment. Follow-
up computed tomography (CT) and hone scans after
radiation to the spine revealed no new lesions.

Table 2 describes adverse events, Included fn the table
are alt grade 3 or 4 events and any grade 1 or 2 event
that affected a total of >25% of patlents, Grade 1 and 2
Fatigue affected all patients—a frequent finding for patients
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Table 1 —~ Patient characteristics (u =12)

with castration-resistant disease, This was not felt fo be the
result of treatment, and anecdotally, some patients felt

" maore energized on testosterone than off. Urinary frequency
wmm‘wwm) Although
testosteréne has the capacity to induce obstructive
s&WMde of urinary
rétention or reported urinary frequiency in excess of grade 2
(at mérease of twice normal but less than hourly). Other
loWw-grade events such as neuropathy, hyperglycemia, and
anemia were likely not caused by treatment and weve
related to comoarbid disease, preexisting conditions, and
disease progression, Instances of grade 3 atrial fibrillation,

cerebrovascular accident, hyperglycemia, and transaminitis
were judged by the patients’ treating physicians to be

untelated to treatment. There were no grade 4 adverse
events,

3.4. Serim drug levels

Average levels of testosterone, FT, and DHT per patient are
summarized in Table 3 and ¥ig. 2, Cohort 1 had an average
testosterone level of 560.5 ngfdl (range; 408,0-853.5) and
DHT level of 61,8 ngfd! (range: 45.5-94}, Cohort 2 had a
higher average testosterone level of 2322 ngfd} (range:
540.8-878.0) bttt a comparable DHT level 0of 63.2 ng/di {37-
105). Cohort 3 had a slightly lower testosterone level than
cohort 1 (ie, 530.7 ngfdl [range; 342.5-768.6]) but the
highest average DHT level (1023 ngf/dl [range: 79.9-
104.4]). Note that all of these values except for the PHT

level of cohorl: 3.are within physielogic Tange (érmaltange
of DHT: 30-85 ngdl).

3.5,

Prostate-specific mutigen levels

Posttreatment PSA nadirs for all patients ave shown in the
waterfall graph in Fig. 3. A detailed description of every
patient’s PSA is found in Table 3. It cohort 1, PSA levels
increased In all patients during the week of treatment.
During the 1-mo observation period, PSA levels declined
relative to the treatment period but did not return to
baseline for patients A and B, and declined by alinost 20%
from baseline for patient C, In cohoit 2, patlents D and B
demonstrated minor { <50%) PSA declines, while patient F's
PSA rose, All patients demonstrated new lesions on béne
scans. The only patient to recycle in cohort 2 was patient D,
On day 5 of recycling, the patient presented with grade 2
tumor pain flare and grade 2 fever, and the patient's treating
physician opted to stop therapy.

Representative PSA curves for patients in cohort 3 are
shown In Fig. 4. Patients G, J, K, and T demonstrated PSA
Yeckines of 26%, 50%, 34%, and 12%, respectively. Patients G,
J,and L showed(no progressive disease on standard scans.

Table 2 - Adverse events
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{IF Testosterens {ng‘dp

f3 Fio Testoslerone

(pofm}
g Dihydrotastosterone
(ngrd)

Cohort2  Palfont

Cohort 1

i
Cohort3

Fig. 2 - Serum androgen Yevels: Reforence ranges for these assays were 181758 ngldi for testasterone, 47-244 pgfml for free testosterone, and 30-85 ngfdl

for dlhydrotestasterane.

Patient K developed cord compression, as mentioned
eatlier, and recelved radlotherapy without neurologic
sequelae, Patlents H and ! sustained PSA rises, with only
H reaching the 50% mark. Both patients progressed radio-
graphically.

3.6, Obfective responses

Three patients had measurable soft tissue disease; no
objective responses were seen. In total, 9 of 12 patients
{75%) progressed either biochemic"’a’ﬁf,r#cit radiographically, 1
(8% parient aémonstrated a PSA decline of 50% without
racliographic progression, and 2 patients Had “stable”
diseave (PSA teTlings of 25% aiid T2% Without radiographic
pregrassion), For CWH treatment was

84 J{fange: 23-247),

SO

S

3

-8

& Gohort 4

o
o

g
o

I Cohort 2

i Gohort 3

% Change in PSA

Patient

Fig. 3 - Porcent change In prostate-specific antigen achleved by all
patlents while on study. PSA = prostate-specific antigen,
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Days on Study

Fig. 4 - Prostate-specific antigen Kinetics of represeatative patlents
treated fo progresslan as part of cohort 3 {truncated at 109 d of
treatnient to enhance readabillty). PSA = prostate-specific antigen;
Pt=patient,

3.7, Posltron emission towmography scans

PET scans were peiformed to determine whether tumor
glucose metabolism might fall despite a rising PSA. We saw
no such phenomena, In 4 out of 11 patients with early
posttreatment PET_scans, PSA declned In the face of
worsening PET results. In three patients, the PSA rose as
PET scans worsened, MJ\Mthe
1‘e:§ainlng four patients.

38.  Pathology

A select number of patients elected to have posterior iliac
crest hone marrow biopsies for determining tumor AR
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expression at baseline and shortly after treatment comple-~
tion. Patients A, D, E, and H had both pre- and posttreatment
biopsies. Patient A had pre- and posttreatment AR expres-
slon levels of 1+ patients D and E had pre- and
posttreatment levels of 2-3+; patient H had a pretreatment
level of 1+ and a posttreatment level of 3+, Patient ] had a
posttreatment biopsy only, revealing 3+ expression, There
were too few specimens and too few responders to draw
conclusions regarding the relationship between AR expres-
slon and elinical outcome or the success of preselecting the
population for tumors with AR overexpression.

4, Discussion

The purpose of this trial was to determine whether
exogenous high-dose testosterene was a safe strategy in
patients with castration-resistant disease, despite a poor
historical safety recosd. Indeed, our great fear was that we
might recapitulate the histery of flarhng patients’ cancersin
the process of treating them with testosterone. We
hypothesized that selecting patients on the basis of
prolonged exposure to castration and treating them with
high doses of testosterone would mirror the preclinical
milieu that resulted in tumer growth repression and would
optintize the Hkelthood of patient safety (if not henefit),
Furthermore, we hypothesized that the use of contempor-
ary safety monitoring would allow a sufficient level of
survelllance and early detection of disease progression to
minirnize patient risk.

- Congruent with our hypothesis and expectations, no

patient developed an early tumor flave (defined as grade 3
pain)or a néw need for opiates or required {ntervention with

igh-tlose bicalutamide. One patient with an existing spinal
béie Tésion, however, did develop cord compression after 3
Wk on study. TRS fact that he had preexistng epidural disease
grmmmmmlg
ngRETic TESOTance IMmaging scan of the spine o rule out
higt=risk Tesions prior To fritiating (Teut ey, Save for this
patient with a presimably preventable problem, patients
tolerated therapy well, suggesting that phase 2 investigations
of this approach, treating patients to progression, can be
performed safely, These data are supported by two other
recent clinical trials of patients with metastatic Ca in which
exogenous testosterane was administered safely as part of
hormonal and chemohormonal therapy inmen whose cancer
was not castration resistant [15,16],

This trial was only designed to establish preliminary
safety data, not efficacy; in fact, cohorts 1 and 2 used such a
brief treatment period that teeatinent effects are not
interpretable, Furthermore, too few patients were involved
in this study to reach any efficacy-based conclusions. One
patlent did achieve a PSA decline of 50% without a
demonstrable increase in radiographic metastases on stan-
dard imaging studies, Although this “responder” may suggest
that this study identified patients who mirror the growth
repression seen preclinically, this patient was exceptional;
however, other patients enfoyed lesser PSA declines, No
patients with measurable discase could be characterized as
having achieved a partial or complete response,

A ——
Giveu that this approach has proved to be safe (especially

(;Ef patients are screened for high-risk spinal lesions, several

issties are rajsed relating to [ulire stndies, The first regards
eiigibility. Although all of these patients met the definition
of castration-resistant metastatic disease, they likely still
represented a biologically heterogeneous group. They had
various exposures to prior harmonal therapies and che-
motherapy and likely also had varlable AR expression.
Regarding the latter, when the present study was designed,
there were few means by which patients might be selected
on the basis of AR overexpression, which, as previously
mentioned, predicts for response preclinically. Now, how-
ever, such methods exist. Patients with AR-rich tumors, for
example, can be identified. usi inated dihydrotes-
tosterone (FDHT) PET tracers | 17,18]. Additionally, circulat-
ing PCa cells can be isolated and [dentifiedon ibe basls of AR
gene amplitication {19]. These techniques as well as further
efforts to reduce patient heterogeneity can be used te enrich
the patient population for likely respondess in future trials.
Patient selection is of particular jmportance in this

approach becayse aithough [festosterone imay be benelicia

0 some patienty) it may activate cancer growth in others,
representing a deleterious rather than a beneficial effect.
The second maodification would be response criteria. PSA
Working Group Il Consensus Criteria [20] had not been
developed when this trial was designed, Posttreatment PSA
alterations were generally poorly Informative in this study.
We anticipated that FSA might tise despite antitumaor
responses, but patients whose PSA levels rose also
progressed radiographicaily by standard imaging modal-
ities, with no major response seen by PET scanning. PSA
declines were also not necessarily indicative of a favorable
outcome, as four of six patients tn cohorts 2 and 3 whose

" PSA levels declined also demonstiated disease pmgiession

clinically or on scans; For the next trial, we Intend to follow
Or on 5¢ans,

PSA Working Group Il Consensus Criteria and only use
radiographic or clinical progression as an end point, using
two niew leslons on two successive bone scans as fhe
defn@w@m

—Tiie final consideration is that of dose. Despite using
three times the usual replacement dose of testosterone,
serum testosterone levels did not, on average, exceed
normat levels, These levels may be a result of Inefficient
absorption but could also result from metabolism to DHT
and other downstreamx products, Cohort 3 did have
supraphysiologic DHT levels, It Eﬂgt clear from preclinical
data whether growth inhibition arJses from testosterone or
DHT o Doth, hut if indeed supraphysiologic testosterone

Z%i(ﬁat such levels cannot be achieved without also admin-

istering—a—Sa=reductdse inhibitor (5-ARD) [21], We are
explorimg ThiS hypotnesis in an upcoming clinical trial,
5. Conclusions

In conclusion, this study shows that high-dose exogenous
testosterone can be administered safely to patients with
castration-resistant disease, We plan to explore this
cancept further in a study that enviches the castration-

X
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veststant population for AR overexpression using FDHT
scans and circufating cells, that utilizes PSA Working Group
1 response cyiteria, and that explores maximizing testos-
terone levels by the addition of a 5-ARL
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Manipulation of patients’ androgen status pervades so
much of the management of prostate cancer (PCa). It
commences with neoadjuvant androgen deprivation ther-
apy {ADT) in combination with radiation. therapy for
intermediate-risk and high-risk organ-confined disease
and extends to various modufations of ADT in patients
with nonlocalsed and metastatic disease. Permutations
include continuous and intermittent monotherapy as well
as combined androgen hlockade for hormone-responsive
cancer, with both the addition and subtraction of single
_ therapeutic agents for short-term responses In castrate-
resistant PCa (CRPC),

Although initial response to ADT is excellent (>>90%), these
therapies inevitably fail with the emergence of CRPC
Bxfensive preclinical and clinfcal data jhdicate that the
androgen receptor (AR) signalllg pathway is not only
present but continues to mediate androgen signalling after
fatlure of androgen agonist therapy, despite castrate levels of
circulating androgrens [1]. AR overexpression, amplification,
mutation, and altered coregulator interactions may sensitise
the AR to Jower levels of ligand, thereby contributing to
fatlure of hormonal therapies. It has been documented
recently that intratsmoural andigEel eV TH CRPC dje
sufficient to stimulate tumour growth [2}, indicating that
local synthesis of androgens Is” anofher mechanism for
mdintaining AR signalling in the castrate envivonment, The
clinicat jmporcance of these findings Js Mghlighted by the
recent repoyts of elinical efficacy of abiraterone acetate, an
irreversible inhibitor of 17e-hydroxylase/C17,20 lyase that

DO} of orlginal attlcle: 10,1016/ eururo.2009.03.073

blocks androgen synthesis in patients with advanced
prostate cancer {31,

Thus, in men with CRPC, administration of testosterone
seems counterintultive. In this Issue of the journal,
however, Morris et al {4] from Mernorial Sloan-Kettering
Cancer Centre repott a phase 1 trfal of high-dose exogenous
téstosterone in patients with castrate-resistant metastatic
PCa (CRMPC). Their research is based on preclinical studies
of hoth androgen-independent cell lines [51 and findings in
an animal mode! [6]. Consistent with reports of the safety of
exogenous androgen priming to enhance chemotherapeutic
efficacy in advanced PCa [7}_Morris et al's trial demon-
strates that administration emtmﬁa
el WIth CRMDC s (Safery provided_that_very (caretil
cﬁ-ﬁﬁf—@g empioyed, <

Followlng submission of Morris et al's manuscript to the
journat [4], an eléctronic publication of another study by
SimHewitz et al [8] from (e University ﬁ‘thi‘cﬁ@t'f has
become avallable, Thelr participants, Who were at an earlier
phase of castrate resistance than those enrolled into Morris
et al's study, also used topically administered testosterone,
Both_studles were designéd (o assess the safety of the
exogenous testosterone administration strategy, Only 1 of
15 pmmmmmrmlmmgﬁwn
due o grade 4 cardiac toxicity; the Moirls et al tilal
withdrew one nimr win a3 prior fistry of epldural
dis¢ase and develaped spifial Compression but Without
neurological symptoms, Because there was an indication of

- — 1] X o N &
a tumour effect in both studies {with a fall in serum
o
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prostate-specific antigen In 7 of 12 patients in the Morris
et al tiial and i3 of 15 pafients {up_to 43%} in the
"Szinulewitz et al tilal), these findings pave the way for
further studies to examine potential therapeutic benefits
from_exogenous testosterone therapy in se[ectemﬁc
patients,

A notable finding from Morris et al’s manuscript is that
despite adminlstering three times the usual replacemént
doSe of testosterone, serum levels did not, on avéidge,
excéed Tormal Tevels (4], Szmuléwltz et al experlenced
similatTIRATgs (8] ThIs may partially explain the Fact that
none of the 12 patients in Morris et al's study exhibited an
objetTive Tesponse, As pointed out by these authors, PCa

growth Is stimulated by lower doses of androgens than
those that TeSTIE In growth repression {5, Thus, while a -

failiire o 18ad supraphysiological testosterone serum
levels may have adversely affected tumouy responses in
both of these trials, it may have inadvertently served to test
the prime objective of safety. Indeed, particularly in Mortls
et al's report, the oncological therapeutic effect is very
difficult to evaluate, since patients were heterogeneous
because of different pretrial progression rates (not
detailed). Five of 12 patients progressed through previous
taxane cherhotherapy iiradditiontodifferent tréatment and
montaiing reglinens pursded Tor the TIiiee CalioTes,
Mortls et al provide A cateful amalysis of these aiid other
confounding limitations in their manuscript, with a So-
reductase inhibitor being proposed as a possible methad for
bolstering serum testosterone levels. Another alternative

would be to deliver testosterone parenterafly by intramus-

cular injections, The most easily available preparations,
however, are depot, which provide supraphysiological
doses for >14 d, but unlike transdermal daily dosing, depot
dosing cannot be turned off if a patlent encounters
testosterone-driven clinical symptomatic progression, This
concern cotild e minimlised by only treating patients with
no radiographic evidence of disease, and it would addvess
the question of whether pulsed supraphysiotogical levels
are more cytotoxic than continuously released replacement
testosterone with the transdermal approach. OF necessity,
stich an evalvation would need to be done in a formal
clinical trial with structuved safeguards in place,

Morris et al also suggest strategies to identify patlents
prior to therapy who may be more likely to respond, so that
therapy might be tailored [4], One proposition, based on the
assumption that responders will be those with upregulation
of the AR, is the use of fluorinated dihydrotestosterone
positron emission tomography tracers to image and to
identify patients with upregulation of the AR In CRPC, A

further strategy is evaluation of AR gene ampiification in
circulating CRPC cells, since approximately 40% of patients
with progressive CRPC have AR amplification in their
circulating tumour cells {9,10],

Clearly, further analyses of perversions of AR signalling
in CRPC needs to be undertaken to identify those patients
who will benefit from high-dose testosterone therapy and
{0 circumvent the need for a trial-and-error approach to
identily responders, Thus, an integrated molecular and
clinical research collaboration is required to maximise the
potential of this avenue of AR-targeted therapy before
franslation is recommended to the c¢linic as a routine
treatment,

Conflicts of fmterest: The authors have nething to disclose.

References

{1} ScherHI, Buchanan G, Geeald W, Butler LM, Tilley WD, Targeting the
androgen receptor: improving outcomes for castration resistant
prostate cancer. Endocer Relat Cancer 2004:11:459-76.

(2] Mohler L. Castratlon-recurrent prostate cancer is not androgen-
independent. Adv Exp Med Blo) 2008;617:223-34,

[3] Attard G, Reld AHM, Yap TA, et al. Phase I clinical trlal of a selective
inhibitor of CYP17, abjraterone acetate, confirms that castration-
resistant prostate cancer commenly remalns hormone driven, ] Clin
Oncol 2008;26:4563~71, .

[4} Morris M}, Huang D, Kelly WK, et al. Phase 1 trial of high-tose

4 exogenous testosterane in patients with castration-resistant meta-
static prostate cancer, Eur Urol 2009;561237-44,

[5] Kokontis jM, Hay N, Liao S. Progcession of LNCaP prostate tumor
cells during androgen deprivation: hormone-independent growth,
repression of proliferatlon by andregen, and role for p27Kipi in
androgen-induced cel cycle arrest, Mol Endocring] 1998;12:941—
53,

{6] UmekitaY, Hilpakka RA, Kokontis JM, Liao §, Human prostate tumar
growth in athymic mice; inhibjtion by androgens and stimulation
by finasterlde. Proc Natl Acad Sci U S A 1996;93:11802--7.

[7] Manni A, Bartholomew M, Caplan R, et al, Androgen priming and
chematherapy in advanced prostate cancer: evatuation of determi-
nants of clinical outcome. J Cifn Oncol 1988;6:1456-66,

[8] Szmulewitz R, Mohile S, Posadas E, et al. A randomized phase 1
study of testosterone replacement for patients with low-risk cas-
tratlon-resistant prostate carcer. Bur Urol 2009;56:97-104.

{8] Dehdashti F, Plcus ], Michalskt JM, et al, Positron tomographic
assessment of androgen receptors In prostatic carcinoma. Eur J
Nucl Med Mol Imaging 2005:32:344--50.

[10] Leversha MA, Han J, Asgarl Z, et ai. Flucrescence in situ hybridiza-
) tlon anmalysls of circalating tumor cells in metastatic prostate
cancer, Clin Cancer Res 2009;15;2091 -7,




