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For ADT, the first 4 months consisted of goserelin and flutamide. ADT treatment
for the patients randomized to receive two additional years included goserelin alone.
ADT was started 2 months before radiation, continued concomitantly with radiation,
and then either discontinued or continued for two additional years depending on the
arm of the trial. A total of 1,554 patients were enrolled in the study, and approxi-
mately 55% had T3-T4 disease. The median age was 70 years, median PSA was
approximately 20 ng/mL, and 40% of the patients had Gleason disease of 6 or less.
Gleason 8-10 disease was present in approximately one-fourth of patients, and Glea-
son 7 disease was present in one-third of patients. Median follow-up was 5.8 years at
the time of reporting.

Overall survival was not distinct between the two arms of the trial in the intent-to-treat
analysis, though disease-specific survival favored the two additional years of adjuvant
ADT. Excess numbers of non—prostate cancer deaths counterbalanced the decreases in
prostrate cancer—specific deaths. In a nonplanned subset analysis, both overall and disease-
specific survival favored the patients who were enrolled with a Gleason 8-10 disease (Fig-
ure 3). Though several interpretations are possible, the simplest explanation would be that
the patients with the highest grade cancers (Gleason 8-10) were the only ones who bene-
fited from the 24 additional months of adjuvant hormonal therapy and that patients with
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Figure 3. Overall survival rate for patients with Gleason 8-10 disease treated in Radiation
Therapy Oncology Group 9202 with long-term (28 months) androgen deprivation plus radi-
ation therapy (LTAD+RT) versus short-term androgen deprivation (4 months) plus radia-
tion therapy (STAD+RT).
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T2c-T4 disease that was Gleason 7 or lower did not benefit from the additional ADT
administered postradiation. Both local progression and distant metastases were also
decreased in the Gleason 8-10 subset by using the longer-term adjuvant ADT. This trial
helps to frame the question, how does the optimal duration of ADT vary according to
baseline tumor characteristics?

Dana-Farber/Harvard Cancer Center Randomized Trial

D’Amico and colleagues were the first to report a trial of 6 months of ADT in combina-
tion with radiation therapy (30). This trial was conducted solely at the Dana-Farber/
Harvard Cancer Center; thus, this is the only randomized trial using ADT/radiation with
a survival outcome conducted in a single institution. Eligible patients had a PSA of at
least 10 ng/mL (maximum PSA of 40 ng/mL), a Gleason score of 7 or more, and TNM
staging of T1b-T2b. “Low-risk” patients according to the D’Amico classification
scheme (PSA <10 ng/mL, Gleason <7, and less than T2A disease) could be included if an
endorectal coil magnetic resonance image indicated that either extracapsular extension
or seminal vesicle invasion was present. ADT was administered for a total of 6 months
of continuous therapy (2 months neoadjuvantly, 2 months concomitantly, and 2 months
adjuvantly) and consisted of both leuprolide acetate and oral bicalutamide for the entire
duration of 6 months. Radiation consisted of a prostate field plus a 1.5-cm margin.
Nodal fields were not included. Total dose to the prostate was 70.35 Gy.

A total of 206 patients were randomized; median duration of follow-up was 4.5 years
at the time of reporting. Median age was approximately 72, Gleason was 7 or less in
approximately 85% of patients, and median PSA was 11 ng/mL. Only 3% of patients
were low-risk but had an endorectal coil magnetic resonance image showing extracapsu-
lar or seminal vesicle involvement. Approximately 45% of the patients had nonpalpable
prostate cancer (T1c). Clearly, this is a distinct subset of patients as compared with the
earlier RTOG trials such as 8531, 8610, and 9202.

Overall survival and prostate cancer—specific survival were both improved in the
ADT arm, though the data were still relatively immature at the time of reporting. A total
of four deaths were attributed to prostate cancer in the radiation-alone arm, and no
prostate cancer deaths were recorded in the combination arm.

Trans-Tasmanian Radiation Oncology Group 9601

The Trans-Tasmanian Radiation Oncology Group (TROG), a cooperative group located in
Australia and New Zealand, randomized 818 men with T2B-T4 prostate cancer to radiation
and one of three hormonal treatment schemes in TROG 9601 (31). Lymph node involve-
ment was an exclusion. ADT was given for 0, 3, or 6 months. ADT consisted of goserelin
and flutamide and was started either 2 months before the radiation (for the 3-month arm) or
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5 months before the radiation (for the 6-month arm). Radiation did not include a pelvic field;
only the prostate and seminal vesicles were treated. The radiation was administered in 33
fractions, 2 Gy per fraction, for a total of 66 Gy. Median follow-up was 5.9 years.

Median age was 68 years, median PSA was approximately 15, and approximately
60% of the patients had stage T2 disease. Overall survival was not presented in this
study but was noted not to be distinct among the three arms of the study. Compared
with the no-ADT treatment arm, 6 months of hormonal therapy was associated with
improved rates of local recurrence, metastasis-free survival, and a borderline
improvement in prostate cancer—specific survival (P = .072; hazard ratio, 0.58; but
95% confidence interval, 0.33-1.05). Careful examination of the overall deaths indi-
cated no excess deaths from non—prostate cancer causes. It is conceivable that longer
follow-up will change these initial statistics, but these preliminary data seemingly
indicate that 6 months of ADT do not increase non—prostate cancer deaths. More fol-
low-up in this study is needed to be confident that overall mortality is favorably
impacted. It is noted that this trial has been criticized because of the low radiation
doses used (66 Gy).

Early Prostate Cancer Program Studies of Radiation and Bicalutamide

Recent results have been announced for the radiation therapy component of the ongoing
bicalutamide early prostate cancer (EPC) program sponsored by Astra-Zeneca (32). In
this program, the efficacy and safety of adding bicalutamide 150 mg once daily to stan-
dard care (radical prostatectomy, radiotherapy, or watchful waiting) were evaluated in
patients with localized or locally advanced prostate cancer. This program was not a typ-
ical clinical trial but rather was designed to reflect standard care worldwide. Radiation
techniques and dose fractionations were not specified. Eligible patients had clinically
localized (T1-T2, NO/Nx) or locally advanced (T3-T4, any N; or any T, N+) prostate
cancer with no evidence of distant metastases. Patients were randomized in a 1:1 ratio to
receive oral bicalutamide 150 mg or placebo once daily after radiation.

The majority of patients enrolled in the EPC program after radiation (N = 1,370) had
clinical stage T1-T2 disease (1,065/1,370); the remainder (305/1,370) (approximately
22%) had T3-T4 disease. Clearly node-positive patients comprised only 1% of patients.
Gleason 7-10 cancers were present in approximately 24% of the patients. Taken
together, most patients had clinically localized disease and Gleason 6 or less disease.
Slightly over 30% of patients had prior unspecified neoadjuvant therapy. Specified dura-
tion of bicalutamide was variable in the various components of the EPC program, but in
the reported results, median duration of placebo or bicalutamide treatment was 1.9
years. Patients were recruited between 1995 and 1998.

After a median follow-up of 7.2 years, overall survival was similar between the two
arms; however, in the T3-T4 tumors, overall survival was improved in those patients
receiving adjuvant bicalutamide (hazard ratio, 0.65; 95% confidence interval 0.44-0.95;
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P =.03). In this subgroup of patients, 30% of patients receiving bicalutamide 150 mg had
died, and 42% in the radiotherapy alone population had died. The significant overall sur-
vival benefit with bicalutamide 150 mg adjuvant to radiotherapy was driven by a lower
risk of prostate cancer-related deaths compared with radiotherapy alone (16.1 vs. 24.3%,
respectively). There was no significant difference in overall survival in patients with local-
ized disease nor were an excess number of non—prostate cancer—related deaths encoun-
tered. Toxicity varied from that of the typical LHRH agonist trial. Breast pain (75%) and
gynecomastia (67%) were common, and 31% of patients withdrew from study treatment
as a consequence of adverse events. Erectile dysfunction was noted only in a minority of
the bicalutamide-treated patients, but this potential adverse event was not directly quanti-
fied. Overall, these results are similar to those of the RTOG 9202 trial.

Other Androgen-Deprivation Therapy/Radiation Studies of Note

RTOG 9413 examined radiation and ADT in patients at high risk for positive lymph nodes.
Two distinct radiation fields and two distinct ADT schema were used in a randomized fash-
ion; all patients received 4 months of goserelin/flutamide. Eligible patients were required to
have an estimated risk of lymph node involvement of more than 15% using the following
equation: [% nodal positivity = (2/3)PSA + (GS—6) — 10]. Patients with clinical stage T2c-T4
disease were also eligible if they had a Gleason score of 6 or less, even if their calculated risk
of lymph node involvement did not reach 15% by the equation. Radiation fields were either
whole pelvis or prostate. Maximum radiation dose was 70.2 Gy. ADT was administered for
4 months either in a neoadjuvant/concomitant dosing schema or as adjuvant only. Thus, an
overall 2 x 2 design was used. The primary end point of the study was progression-free sur-
vival rather than overall or disease-specific survival. A total of 1,323 patients were accrued
between 1995 and 1999. The initial report (33) indicated that one arm of the 2 x 2 design
was superior to the others; 4 months of neoadjuvant/concomitant radiation using a pelvic
radiation field was superior to other ADT or radiation approaches using progression-free
survival. PSA was included as part of the analysis, and most progression events were driven
by PSA. The median follow-up at the time of reporting was 59.5 months. Overall survival
data were not distinct among the various arms of the trial at the time they were reported.

RTOG 9408 is another important trial, but results are not yet reported. This trial
accrued more than 2,000 patients (N = 2,028) between 1994 and 2001 with a PSA of 20
ng/mL or less and T1b-T2b prostate cancer. Patients with nodal metastases were
excluded. The trial design was simple and involved radiation plus or minus 4 months of
neoadjuvant/concomitant ADT consisting of goserelin/flutamide. The treatment schema
is similar to RTOG 8610; however, the patients have predominantly early-stage disease,
and more than 60% of the patients have a Gleason score of 6 or less. The primary end
point is prostate cancer—specific survival. The trial has yet to be reported, implying that
no differences to date have been detected between the two treatment groups with regard
to the primary end point.
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RTOG 9601 is likewise an interesting trial but is too immature to report. In this
trial, patients’ status post-radical prostatectomy with recurrent disease and a PSA
level of 0.2-4.0 ng/mL were randomized to 64.8 Gy of prostate fossa radiation plus
or minus 2 years of 150 mg of bicalutamide. The primary end point is overall sur-
vival. Between 1988 and 2003, a total of 810 patients were accrued, and no results
have been reported to date, again implying no differences between arms with respect
to the primary end point.

EORTC 22961 compares various durations of hormonal therapy in a randomized
fashion. Results have been reported in abstract form but not yet in peer reviewed publi-
cations. Radiation plus 6 months of LHRH agonist/antiandrogen were evaluated versus
radiation plus 6 months of an LHRH agonist/antiandrogen plus an additional 2.5 years
of an LHRH treatment (total of 3 years ADT). Entry criteria were restricted to those
with T2¢c-T4 disease (with or without positive pelvic nodes) or stage T1c-T2b disease
associated with pelvic nodes. Thus, these patients are expected to be more advanced
than those treated in the Dana-Farber/Harvard Cancer Center trial published by
D’Amico and colleagues. More than 950 patients were accrued between 1997 and 2002.
Initial results have now been reported at ASCO 2007 (34). The data were analyzed with
a non-inferiority analysis; 970 patients were randomized, and at 5.2 years median fol-
low-up, 173 patients had died. An Independent Data Monitoring Committee recom-
mended disclosure of results based on an interim analysis showing futility. Patient
characteristics were well balanced: median age was 69 years; most patients had T2¢-T3
NO disease. The S5-year overall survival rate was 85.3% for the 3 years of ADT and
80.6% on the 6-months of ADT (HR = 1.43). The 5-year clinical progression-free sur-
vival rate was 81.8% on the 3-year arm versus 68.9% on the 6-month arm, and the 5-
year biochemical progression-free survival rate was 78.3% on 3 years versus 58.9% on
the 6-month arm, HR = 1.93 and HR = 2.29, respectively. Though as yet not peer-
reviewed, careful attention to subsets will be needed as necessary. This trial calls into
question using 6 months of ADT for patients with clinical T3 or higher disease at the
time of diagnosis. It should be emphasized that the TROG trial is immature with regards
to survival, thus the data supporting use of 6 months of hormones in the setting of the
T3 or higher disease is minimal at this time.

Androgen-Deprivation Therapy in the
Radical Prostatectomy Patient

Given the success of neoadjuvant and adjuvant ADT in patients treated with radiation,
the role of ADTs in patients treated with surgical approaches is distinctly more limited.
After neoadjuvant ADT, multiple studies have demonstrated that margin status in the
pathologic postoperative specimen may be improved, but studies have not demonstrated
that these improved pathologic outcomes translate into an improved disease-free interval
or prolonged survival (35).
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One prospective randomized trial in the post-radical prostatectomy setting provides
clear evidence of overall and disease-specific survival benefit (36,37). This trial warrants
a careful examination. From 1988 to 1993, 100 patients were randomized in 23 institu-
tions to “early” versus “late” ADT. In this trial, “late” ADT was defined as ADT on
symptomatic relapse or after the diagnosis of metastatic disease. “Early” ADT was
defined as ADT within 12 weeks after surgery. Eligibility was restricted to patients under-
going a radical prostatectomy and lymphadenectomy and found to have node-positive
disease after the surgery. Lymphadenectomy was restricted to the obturator and external
iliac nodal regions in most cases. PSA values were determined postoperatively in the vast
majority of patients and found to be undetectable in approximately 80% of the patient
population enrolled in the trial. The typical patient was relatively young (median age of
65), which might be expected from a surgical series of patients. Though overall comor-
bidities were not discussed, most patients having a radical prostatectomy have 10 or
more years of expected survival. This relatively young group of patients would also be
expected to have limited comorbidities. Additional baseline characteristics included the
following: Most patients had positive margins and seminal vesicle invasion, and the
median number of positive nodes was two. A baseline computed tomographic scan was
done in 80 of the randomized patients, and none had evidence of nodal metastases. As
expected for a group of patients with aggressive disease, the majority of the patients had
a Gleason sum of 7 or higher.

ADT was administered continuously in the Messing study; in the immediate-treat-
ment group, 13 patients had orchiectomy, and 33 had long-term goserelin acetate.
Median follow-up was 11.9 years at the time of the last study report. Outcomes in the
Messing study were measured by PSA, disease-specific survival, and overall survival.
Each of these end points was positive in patients treated with early as opposed to
deferred ADT. Long-term outcomes were provided in a follow-up to the original study
(37). The median overall survival (Figure 4) in the deferred-treatment group was 11.3
years, and the median overall survival for the early-treatment group had yet to be
reached (hazard ratio, 1.84). Median prostate cancer—specific survival was 12.3 years in
the deferred-treatment group and not yet reached in the immediate-treatment group
(hazard ratio, 4.09). Progression-free survival, including PSA progression, was 2.4 years
in the deferred-treatment group and 13.9 years in the early-treatment group (hazard
ratio, 3.42). Thus, all end points are positive in this small but important randomized
trial in patients with node-positive cancer after radical prostatectomy. After adjustment
of baseline treatment characteristics for centrally graded Gleason sum, all outcomes con-
tinued to be positive.

Clinical trials attempting to demonstrate clinical benefit in patients given neoadjuvant
ADT before surgery have not been successful in improving either quantity or quality of
life. As noted previously, pathologic and biochemical end points are surrogates for clini-
cal end points due to the long natural history of prostate cancer. Taken together, the lack
of clinical benefit using new-adjuvant ADT before surgery leads to the conclusion that
this approach should not be used in clinical practice.



Androgen-Deprivation Therapies in Combination with Radiation or Surgery 47

A. Overall survival

1.0 —

0.9 —

0.8 — Immediate ADT

0.7 —
Observation
0.6 —

0.5 —

Percent

0.4 —
0.3 —

0.2 —

Log-rank p=.04
Hazard ratio (95% Cl) = 1.84(1.01 - 3.35)

°T— 71 T T T T T T T T T T 1

0.1 —

Time (years)
Figure 4. Overall survival in the Messing study comparing early versus delayed hormonal
therapy in patients treated with radical prostatectomy and found to have positive lymph
nodes at the time of surgery. ADT = androgen-deprivation therapy.

Conclusion

Risks and benefits of ADT must be carefully assessed in prostate cancer patients scheduled
to undergo definitive therapy with surgery or radiation. There is no currently accepted role
for ADT before radical prostatectomy. In the postprostatectomy setting, the only evi-
denced-based indication for ADT is for the patient with node-positive disease after surgery.
Regardless, many questions remain; node-positive disease is only one marker for relapse in
the postsurgical setting. Other postoperative risk factors for progression (e.g., seminal ves-
icle invasion, residual PSA) have not been studied. What is the optimal duration of ADT?
Which patients may be safely treated for less than 3 years? Is lifetime ADT really neces-
sary? Further, no comparisons between adjuvant ADT and salvage ADT have been per-
formed. Given that PSA recurrences typically find disease recurrences quite early, it is
conceivable that treatment with salvage ADT is comparable to adjuvant therapy. Studies
examining this comparison are now under way.

In patients considering external beam therapy, multiple evidence-based opportunities
exist for improving long-term patient outcomes. Clearly, for patients with locally
advanced cancers (T3-T4) and/or node-positive disease, radiation plus 3 years of con-
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comitant/adjuvant ADT has been shown to prolong overall survival. For patients with
clinically localized disease, 6 months of hormonal therapy starting 2 months preradia-
tion has been shown to prolong overall survival, but the long-term outcomes of the 6-
month ADT trials are still relatively immature. Comparisons of 6 months versus 3 years
of ADT have yet to be published in the peer reviewed literature, but the recently reported
EORTC trial (22961) suggests that for many patients, especially those with extra-glan-
dular spread, three years of ADT may be the preferred duration.
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The Role of Chemotherapy in
Multimodality Treatment of Locally
Advanced Prostate Cancer

Daniel J. George, MD, and Phillip G. Febbo, MD

Neoadjuvant Chemotherapy

Existing nomograms and other risk-stratification schemes can identify men with high-
risk prostate cancer who are likely to have micrometastatic disease at time of diagnosis
(1). Although this represents a minority of patients diagnosed with prostate cancer, there
are still approximately 39,000 men diagnosed annually with aggressive disease with a
relatively high risk of dying from prostate cancer despite definitive therapy. To decrease
recurrence after definitive local therapy, a significant investigative effort has been
expended in determining if and when systemic therapies can be combined with local
therapy to improve outcome.

The obvious therapy to test first was androgen ablation. For radiation therapy (RT),
multiple trials have now demonstrated a clear benefit of combining androgen with-
drawal with external beam radiation for men with high-risk, locally advanced prostate
cancer (T3) (2). More recently, short-term androgen ablation (6 months) has been found
to have a role in patients with intermediate-risk prostate cancer treated to a total dose of
70 Gy (3). Although the optimal combinations of total radiation dose, duration of
androgen ablation, and disease risk level have yet to be fully established, androgen abla-
tion is of proven value when combined with external beam RT in multiple situations.

A similar improvement in disease-free recurrence and survival has not been found in
the large number of trials looking at neoadjuvant or adjuvant androgen ablation therapy
when men are treated with radical prostatectomy (RP). In more than 25 published stud-
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ies evaluating neoadjuvant androgen deprivation in patients with clinical stage T3 pros-
tate cancer undergoing RP (4), there have been a consistent decrease in prostate-specific
antigen (PSA) and shrinkage of the prostate but no demonstrated benefit in disease-free
or overall survival. No survival benefit from neoadjuvant androgen ablation was
observed in men with intermediate-risk disease either. Thus, neoadjuvant androgen abla-
tion before definitive surgery does not appear to improve survival compared to surgery
alone.

The role of neoadjuvant chemotherapy for men with high-risk prostate cancer has
more recently been the focus of early- and late-phase clinical trials. As chemotherapy tri-
als have now demonstrated chemotherapy to improve symptoms and survival for men
with metastatic prostate cancer (5,6), there is renewed enthusiasm to understand the role
of chemotherapy for men with high-risk localized disease.

The feasibility and safety of cytotoxic chemotherapy before RP have been demon-
strated in multiple phase II trials. Cytotoxicity regimens including paclitaxel, estramustine,
and carboplatin (TEC) (7); estramustine and etoposide (8); ketoconazole and doxorubicin
alternating with vinblastine and estramustine (KAVE) (9); docetaxel and estramustine (10);
single-agent docetaxel (11,12); docetaxel and mitoxantrone (13); and the combination of
docetaxel with androgen deprivation (14) have been found to be feasible and safe before
RP, with encouraging preliminary signs of efficacy.

Toxicity for most chemotherapy regimens was no greater than expected and generally
well tolerated. Patients experienced preoperative grade 3—4 toxicity at rates of 12% (4/
33) for KAVE (9), 15% (3/19) for docetaxel alone (12), 34% (5/16) for estramustine and
etoposide (8), and 42% (9/21) for docetaxel and estramustine (10). Regimens including
estramustine had significant rates of deep venous thrombosis (7,8,10). In general, che-
motherapy-related toxicity does not preclude patients from RP.

Neoadjuvant therapy did not increase the duration of surgery, amount of blood loss,
length of hospitalization, or rate of surgical complications. For example, based on three
trials (7-9), median operative time ranged between 125 and 300 minutes for open RP,
median estimated blood loss ranged between 665 and 1,250 mL, and perioperative com-
plications occurred in between 17% and 33% of patients (most of which were minor).
These surgical characteristics are roughly similar to that ordinarily seen for men with
high-risk, aggressive prostate cancer.

The efficacy measures for most of these early trials were focused on serum PSA and
pathologic end points and not recurrence or survival. In general, serum PSA levels con-
sistently decreased during therapy. For regimens that did not include estramustine or
androgen deprivation, the decrease in PSA occurred while testosterone levels were non-
castrate (12,13), suggesting the observed effects were due to chemotherapy and not con-
founding hormonal changes. Magnetic resonance imaging performed with an endorectal
coil before and after treatment with single-agent docetaxel demonstrated a median
decrease in maximum tumor volume of 48% at 6 months (3.1 cm? to 1.6 cm?), although
no impact on prostate size was seen (12). Thus, neoadjuvant chemotherapy has had
encouraging effects on serum PSA and evaluation of tumor size.
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The impact of neoadjuvant cytotoxic therapy on histologic grade and pathologic
stage was largely equivocal. Cytotoxic therapy, especially combinations including estra-
mustine, can result in “treatment effect” that obscures traditional characteristics used to
define Gleason pattern growth. After neoadjuvant paclitaxel, estramustine, and carbo-
platin (TEC), 63% (21/33) of the prostatectomy specimens were “ungradeable” due to
“pathologic treatment effect” (7). With single-agent docetaxel, only modest treatment
effect was noted in specimens, similar to that seen with androgen ablation, and Gleason
score was not changed significantly (12). Approximately 65% of patients had extrapros-
tatic extension after neoadjuvant therapy and no consistent change between the Gleason
score of the diagnostic biopsy and the RP specimen. Importantly, only one trial testing
the combination of docetaxel with androgen ablation resulted in men having a patho-
logic complete response (pT0 in 2.7% [2/72] men enrolled) (14). Although no definitive
analysis is possible with respect to disease recurrence and patient survival, the general
consensus from these trials is that neoadjuvant cytotoxic therapy is relatively well toler-
ated, does not complicate surgery, and may be effective in decreasing recurrence.

Neoadjuvant chemotherapy trials in prostate cancer to date have not demonstrated a
consistent impact on pathologic stage. Organ-confined disease was found in approxi-
mately 30%-40% of patients after neoadjuvant therapy, and negative surgical margins
were observed in 78%-87% (7-9,12). Importantly, only one study combining androgen
ablation with docetaxel has reported pathologic complete response and pTO disease at
the time of RP (14). The authors reported that 2 of 64 patients completing treatment had
no residual tumor within the prostate and an additional 10 of 64 had only residual
“microfoci of cancer.” As complete pathologic response to neoadjuvant therapy has been
associated with good clinical outcome in patients with various cancer types, including
breast, rectal, and head and neck cancer, these findings, although preliminary, are of
great interest.

None of the studies published to date was powered to determine if neoadjuvant cyto-
toxic therapy impacts progression-free survival (PFS) or overall survival. Definitive phase
III trials testing cytotoxic chemotherapy in the neoadjuvant setting for prostate cancer
are now under way (Table 1). For instance, the Cancer and Leukemia Group B (CALGB)
has recently launched a phase III study that randomizes men with high-risk prostate can-
cer (Kattan nomogram probability of being disease-free at 5 years <60%) to either
immediate surgery or neoadjuvant docetaxel (every 21-day treatment cycle), prednisone,
and androgen deprivation for six cycles before surgery (CALGB 90203) (15). This trial,
with an accrual goal of 750 patients, will have the ability to determine if neoadjuvant
therapy decreases the 3-year biochemical PFS rate (bPFS) by 12% (from 57.7% in the
standard arm to 69.1% in the neoadjuvant chemotherapy arm). In addition, the secon-
dary end points include 5-year bPFS, time to clinical local recurrence, time to metastatic
disease progression, prostate cancer—specific free survival, and overall survival. CALGB
90203 opened Dec. 15, 2006, and is expected to accrue over a 60-month period. A data
safety monitoring board will evaluate data on a semiannual basis, with the first meaning-
ful evaluation likely to occur around April 2011.
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As mentioned previously, androgen ablation combined with local RT has demon-
strated improved efficacy over radiation alone, but whether chemotherapy can improve
further on these results is unknown. Phase I/Il studies above have demonstrated that
docetaxel-based chemotherapy can be given safely in the neoadjuvant setting. In addi-
tion, a recently reported phase I study demonstrated that weekly docetaxel can be given
safely with concurrent conformal beam radiotherapy (16). Based on these results, a
phase III study is ongoing, looking at the use of androgen ablation with both neoadju-
vant followed by concurrent weekly docetaxel chemotherapy and definitive RT versus
standard androgen ablation and RT alone. In this study, chaired by Anthony D’Amico
and Philip Kantoff from the Dana-Farber Cancer Institute, intermediate- and high-risk
localized prostate cancer patients are randomized to 6 months of combined androgen
blockade and 70 Gy of RT with or without three cycles of every-3-week neoadjuvant
docetaxel chemotherapy (60 mg/m?) followed by weekly docetaxel (20 mg/m?) concom-
itant with radiation. This multicenter study opened in June 2005 is actively accruing and
has an accrual goal of 350 patients. The primary end point is overall survival.

In summary, neoadjuvant chemotherapy trials have clearly demonstrated that sys-
temic chemotherapy can be given safely with good tolerance in patients with high-risk
prostate cancer before prostatectomy. Ongoing studies will test if the clinical responses
seen to date translate into survival benefit. By design, neoadjuvant systemic therapy aims
to reduce or eliminate microscopic extraprostatic disease (microscopic metastases) and
offers the advantage over adjuvant trials as having a potential surrogate for clinical ben-
efit in pathologic response. As such, although the observation of pathologic complete
response in a small percentage of patients treated with a combination of docetaxel and
androgen ablation is promising, the true usefulness of neoadjuvant therapy will not be
known until definitive studies are completed that look at bPFS and patient survival.

Adjuvant Chemotherapy in Cancer

The rationale for the addition of chemotherapy after local treatment of cancer is well
established. Although the exact biologic mechanisms of tumor cell extirpation are not fully
understood, the basic tenet is that microscopically spread malignant cells after local treat-
ment may be particularly vulnerable to cytotoxic chemotherapy or hormonal therapy
using regimens that have demonstrated antitumor effect in the grossly metastatic disease.
Opver the past 30 years, this theory has been validated numerous times in randomized con-
trolled trials involving many different tumor types.

The most well-studied and validated data on adjuvant chemotherapy in solid tumors
come from breast cancer studies. A recent metaanalysis reviewed 194 randomized adju-
vant chemotherapy trials conducted between 1985 and 2000. Ten- and 15-year survival
data continue to validate the early findings of a substantial survival advantage for
patients with node-positive breast cancer treated with chemotherapy (17). Similarly,
endocrine therapy first with tamoxifen but more recently with aromatase inhibitors has
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also demonstrated significant disease-free survival benefits in women with estrogen
receptor—positive breast cancer (18).

Another important example of the benefits of adjuvant chemotherapy comes from studies
in patients with locally advanced colon cancer. Numerous clinical studies have established 5-
fluorouracil (5-FU) and leucovorin as the standard of care for patients with stage III colon
cancer after resection (19). More recently, an oxaliplatin and capecitabine (XELOX) chemo-
therapy regimen has shown promise in the adjuvant setting, and a large phase III trial ran-
domizing 1,886 patients to either XELOX or 5-FU and leucovorin was recently completed,
demonstrating the robust accrual still capable today for adjuvant trials in colon cancer (20).

In addition to breast and colorectal cancer patients, adjuvant chemotherapy and/or hor-
monal therapy has demonstrated clinical benefit in at least ten other solid tumor types,
ranging from rectal cancer to head and neck tumors. Review of the pivotal studies leading
to these indications reveals a wide range of treatments, including single-agent and combi-
nation chemotherapy, hormonal therapy, targeted agents, and immune-based strategies.
These agents vary widely in both their mechanisms of action and their clinical activity in
the metastatic setting. For instance, bleomycin, etoposide, cisplatin (BEP) chemotherapy is
curative in many patients with metastatic testicular cancer, whereas interferon-0. demon-
strates only a modest response rate and no survival advantage in patients with metastatic
melanoma (21,22).

Adjuvant Chemotherapy in Prostate Cancer: Past Experience

In prostate cancer, adjuvant androgen-deprivation therapy (ADT) has demonstrated a
survival advantage following RT or surgery in several studies (2,3,23). However, few
clinical trials of adjuvant chemotherapy have been completed, and none has established
a clinical benefit in patients with clinically localized and/or locally advanced prostate
cancer. Table 2 highlights several of the adjuvant chemotherapy clinical trials completed
to date in prostate cancer patients. The first trial was completed in the 1980 by Schmidt
et al. from the National Prostate Cancer Group. Patients with locally advanced prostate
cancer treated with radical prostatectomy (RP) were randomized to either oral cyclo-
phosphamide or estramustine phosphate for 2 years or observation (24). With mature
follow-up, this study revealed an improvement in disease-free survival for the patients
treated on the estramustine arm versus observation; however, there was no overall sur-
vival advantage due to the small number of patients (187 total). In another smaller
exploratory study, Wang et al. reported on 96 patients with either newly diagnosed
metastatic prostate cancer or locally advanced T3 or T4 cancer who were randomized to
mitoxantrone plus combined androgen blockade versus combined androgen blockade
alone (25). In the patients with locally advanced disease, median survival was improved
with mitoxantrone and ADT with antiandrogen versus ADT and antiandrogen alone (80
vs. 36 months; P = .04). Although these results are interesting, the sample size is too
small to confirm any clinical benefit from the mitoxantrone therapy.
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Table 2. Randomized adjuvant chemotherapy trials in prostate cancer

Local
Trial Setting treatment  Regimen Outcome/end point
NPCP 900 Locally RP Cyclophospha- Improved disease-free
advanced mide vs. estra- survival; no difference
mustine in overall survival
phosphate vs.
observation
Wang et al. T3-T4, RP Mitoxantrone + Improved overall sur-
meta- CAB vs. CAB vival (84 vs. 36 mos,
static P = .04inT3,4)
SWOG 9921 High-risk RP Mitoxantrone + Closed prematurely due
prednisone + to increased inci-
CAB vs. CAB dence of leukemia
RTOG 9902 High-risk RT Paclitaxel + estra-  Closed due to increased
mustine phos- toxicity
phate +
etoposide +
CAB vs. CAB
TAX 3501 High-risk RP ADT (18 mos) +/-—  Progression-free sur-
docetaxel + vival 2 X 2 factorial
prednisone for design
six cycles
(immediate vs.
delayed treat-
ment)
VA #553 High-risk RP Docetaxel + pred-  Progression-free sur-
nisone for six vival at 5 yrs
cycles vs. obser-
vation
RTOG 0521 High-risk RT ADT (2yrs) + AA  Overall survival; progres-

+/—docetaxel +
prednisone for
six cycles

sion-free survival; bio-
chemical, local
relapse; distant failure

AA = antiandrogen; ADT = androgen deprivation therapy; CAB = combined androgen blockade; RP
= radical prostatectomy; NPCP = National Prostate Cancer Project; RT = radiation therapy; RTOG =
Radiation Therapy Oncology Group; SWOG = Southwest Oncology Group; TAX = Taxotere; VA = Vet-

erans Affairs.
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In 1996, mitoxantrone and prednisone (M+P) chemotherapy was approved for the
palliation of metastatic hormone-refractory prostate cancer patients, legitimizing the
rationale for cytotoxic chemotherapy for prostate cancer and supporting the rationale
for adjuvant treatment in patients with high-risk, localized prostate cancer (26,27). In
1999, the Southwest Oncology Group (SWOG) opened the first trial adequately pow-
ered study to investigate the potential benefit of chemotherapy in addition to ADT in this
setting. SWOG 9921 randomly assigns patients with high-risk features after RP to 2
years of combined androgen ablation with or without six cycles of every-3-week mito-
xantrone and daily prednisone therapy. This trial has an accrual goal of 1,360 patients
to be completed over 9.5 years. As of this publication, the trial is currently on hold due
to the incidence of possible leukemia secondary to mitoxantrone as well as to slow
accrual.

In 2000, the Radiation Therapy Oncology Group (RTOG) attempted a large random-
ized phase III trial of RT and ADT versus RT and ADT followed by four cycles of pacli-
taxel, estramustine, etoposide (TEE) chemotherapy for patients with locally advanced
high-risk prostate cancer (RTOG 9902). Patients were stratified by PSA, Gleason sum,
tumor stage, and whether or not they had received prior hormonal therapy. All patients
were then randomized to either ADT for 2 years with 70.2 Gy of RT versus ADT for 2
years; 70.2 Gy of RT; and four cycles of paclitaxel 135 mg/m?, oral estramustine 280 mg
tid for 14 days, and oral etoposide 50 mg/m? daily in divided doses for 14 days, every 3
weeks. This study was discontinued before it met its accrual goal because of both toxic-
ity (e.g., venoocclusive disease requiring the addition of prophylactic warfarin anticoag-
ulation) and slow accrual.

The premature closure of two large adjuvant clinical trials in patients with high-risk
prostate cancer raises a legitimate concern that such trials may not be feasible in this
population. There are several specific concerns. First, multidisciplinary clinical care is
evolving in urologic cancers but currently is not a standard in most community settings.
Second, the natural history of this disease requires longer follow-up than in most other
disease settings, so any trial will take years of follow-up before results are known.
Finally, and most important, there has been only modest activity of chemotherapy in
patients with metastatic prostate cancer, making the rationale and robustness for adju-
vant chemotherapy unlikely to result in clinical benefit.

In 2004, docetaxel chemotherapy was approved by the U.S. Food and Drug Administra-
tion for the treatment of patients with metastatic hormone-refractory prostate cancer, based
on survival data from the Taxotere (TAX) 327 study, a multinational phase III study compar-
ing mitoxantrone and prednisone to every-3-week docetaxel and prednisone and weekly
docetaxel and prednisone (6). Results of this study revealed a 24% reduction in the risk of
death from prostate cancer (hazard ratio, 0.76; 95% confidence interval, 0.62-0.94; P =
.009). Updated follow-up reveals a greater median survival for the every-3-week docetaxel
arm (19.6 months) compared with the mitoxantrone arm (16.6 months) (28). Importantly,
safety was acceptable in all three arms, with only 11% of patients discontinuing treatment
due to adverse events in the every-3-week docetaxel arm. Based on these results, the U.S.



60 The Role of Chemotherapy

Food and Drug Administration approved every-3-week docetaxel with daily prednisone for
first-line treatment of patients with metastatic hormone-refractory prostate cancer.

Earlier this year, post hoc analyses of the TAX 327 data were reported that revealed
much greater clinical benefits among patients demonstrating a response to chemotherapy.
For instance, 67% of patients treated with docetaxel chemotherapy demonstrated at least
a 30% decline in PSA from baseline at 3 months, with a median survival of 23 months,
compared with 14 months for the population that did not achieve a 30% decline by 3
months (hazard ratio, 0.50; 95% confidence interval, 0.43-0.57) (29). Twelve percent of
patients treated achieved normalization in their PSA level, defined as a drop to 4 ng/mL or
less. In this population, median survival was nearly 3 years. These results underscore the
robust cytotoxic effect of this regimen and justify an evaluation of docetaxel-based chemo-
therapy in the adjuvant setting.

Adjuvant Chemotherapy in Prostate Cancer: Current Trials

With the approval of docetaxel prednisone for treatment of patients with metastatic hor-
mone-refractory prostate cancer, investigations were initiated to determine if this regi-
men could also demonstrate clinical benefit in earlier disease settings. In patients with
metastatic hormone-naive prostate cancer, two phase III randomized studies are evaluat-
ing the addition of docetaxel and prednisone to ADT versus ADT alone (Eastern Coop-
erative Oncology Group [ECOG] 3805 or ChemoHormonal Therapy Versus Androgen
Ablation Randomized Trial for Extensive Disease in Prostate Cancer [CHAARTED] and
a French study Groupe d’Etudes des Tumeurs Uro-Génitales [GETUG]-15/0403). In the
United Kingdom, a large phase III, six-arm, 3,300-patient randomized trial is under way
in patients with locally advanced or recurrent prostate cancer to compare ADT alone
versus combinations with docetaxel and prednisone; zoledronic acid; celecoxib; doce-
taxel, prednisone, and zoledronic acid; and zoledronic acid and celecoxib (Systemic
Therapy in Advancing or Metastatic Prostate Cancer: Evaluation of Drug Efficacy
[STAMPEDE] study). Finally, a U.S. trial in patients with rising PSA will compare ADT
alone with ADT and docetaxel and prednisone for six cycles.

The adjuvant setting is also being investigated using docetaxel and prednisone che-
motherapy. The TAX 3501 study is a potentially seminal study to evaluate the clinical
benefit of adjuvant hormonal therapy and chemotherapy in patients with pathologically
defined high-risk disease after RP. The primary end points are to compare PFS benefits of
immediate versus delayed treatment and ADT versus ADT and docetaxel and prednisone
combined using a 2 x 2 factorial design. In this study, patients with pathologic findings
of high-risk disease (defined as a 40% chance of relapse at 5 years by the Kattan nomo-
gram) are randomized to immediate (adjuvant) versus delayed treatment (at the time of
PSA relapse). In a second randomization, patients are treated with either ADT for 18
months or ADT and six cycles of every-3-week docetaxel and prednisone, either adju-
vantly or at the time of PSA relapse (see Table 2 and Figure 1A).
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TAX 3501 is powered for an enrollment of 1,696 patients; however, accrual to
date has been slow, with only 82 patients accrued in the first year. Although some
sites have been slow to open, this trial may be at risk to close prematurely, like others
before it, if accrual does not improve. Confounding issues include a required postop-
erative PSA level of 0.1 or less and inhibition of any adjuvant RT. With a recently
reported phase III European Organisation for Research and Treatment of Cancer
(EORTC) trial demonstrating an PFS benefit to adjuvant RT in pT3 patients, some
physicians are opting to treat patients with adjuvant RT rather than this randomized
trial (30). Although the data for PFS are intriguing, no overall survival benefit has
been established. In addition, salvage RT may be used in the TAX 3501 study before
starting delayed treatment. For these reasons, practitioners are encouraged to enroll
patients into this critical trial.

The TAX 3501 study evaluates the role of docetaxel and prednisone in combina-
tion with ADT, as either immediate or delayed therapy after RP; however, there is no
arm that assesses the effect of chemotherapy alone in hormone-naive patients. For
this assessment, a separate study being supported by the Veterans Affairs Coopera-
tive Studies Program will investigate the clinical benefit of docetaxel and prednisone
chemotherapy after RP in patients with either preoperative or postoperative high-
risk features (VA #553). Eligibility includes preoperative criteria for high-risk disease
(preoperative PSA level >20 ng/mL) or postoperative pathologic findings (pT3b,
pT3a with Gleason sum >7). The study then randomizes patients to either six cycles
of docetaxel and prednisone or the standard of care (observation) (see Table 2 and
Figure 1B). Patients are followed for PSA recurrence. Six hundred thirty-six patients
are planned for enrollment, and the study is powered to detect a reduction in the 5-
year progression rate from 60% to 45% (15% absolute difference, 25% relative dif-
ference).

In the setting of primary RT and ADT for patients with high-risk prostate cancer, the
role of docetaxel and prednisone chemotherapy is also being investigated. RTOG has
initiated a replacement study for RTOG 9902. In the current study, RTOG 0521 will
enroll 600 patients with high-risk prostate cancer, defined by Gleason score 9-10, PSA of
less than 150 ng/mL; Gleason score 8, PSA of less than 20 ng/mL, and T2 or greater dis-
ease; or Gleason score 7-8, PSA of more than 20 and less than 150 ng/mL. All patients
must have clinically negative nodes 1.5 cm or less in size. All patients receive ADT and
an antiandrogen for 2 months, followed by RT (either three-dimensional conformal
beam or intensity-modulated RT). Patients are then randomized to 24 months of ADT
alone beginning 2 months before RT (with antiandrogen before and during RT) or ADT
with six cycles of every-3-week docetaxel and prednisone following completion of RT
(see Table 2 and Figure 1C). The primary end point is overall survival, with secondary
end points including PFS, biochemical control, local control and freedom from metasta-
ses, to validate PSA as a surrogate for survival, and to correlate testosterone levels with
time from PSA relapse to metastases. The trial opened in December 2005 and is actively
enrolling patients.
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Conclusion

Neoadjuvant and adjuvant chemotherapy trials are actively being investigated in phase
I-1II clinical trials in the United States and worldwide. Although past experiences have
been disappointing, the validation of a clinically beneficial and robustly active regimen in
the metastatic disease setting has resulted in renewed enthusiasm for neoadjuvant and
adjuvant chemotherapy. Integration with other standard modalities (surgery, radiation
and hormonal therapy) is critical to the success of these trials. Thousands of patients are
needed to complete these studies, requiring substantial accrual from both the academic
and community setting. In addition, unprecedented multidisciplinary cooperation among
urologists, medical oncologists, and radiation oncologists is needed to facilitate these
studies. If unsuccessful, prostate cancer patients will continue to be treated in a sequen-
tial manner, with little data to support treatment otherwise.
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Future Directions

Philip Kantoff, MD

Prostate cancer remains a remarkably heterogeneous disease and thus presents a real chal-
lenge for clinicians. Prostate-specific antigen (PSA)-based screening uncovers both clini-
cally important and clinically insignificant disease. As such, it is clear that many patients
with newly diagnosed disease do not require treatment, but the ascertainment of those
who do not require treatment remains challenging. Providing a rational basis for selection
of patients based on both clinical parameters and molecular markers is an important goal.
For those who require treatment, a greater emphasis is being placed on decreasing the mor-
bidity of treatment. Notwithstanding the impressive advances in surgical as well as the
radiation management of this stage of disease, efforts for focal ablation remain a goal. The
ability to ablate small foci of cancer is feasible using a variety of technologies, but the pre-
cise imaging and localization of disease remain the bigger challenge.

The appropriate integration of existing therapies such as hormonal therapy and che-
motherapy into the management of high-risk localized disease appears to be an impor-
tant strategy, although many questions remain regarding the duration and timing of
these therapies. Moreover, as critical molecular targets are identified such as the
TRMPRSS2/ERG fusion protein, a relatively early event in the pathogenesis of the dis-
ease, strategies at targeting these molecular abnormalities will expand our therapeutic
armamentarium, and, as systemic therapies improve, the relative value of localized ther-
apies will need to be questioned, but this seems a bit remote at the present time.

Another critical area is assessing the need to intervene in those patients with a rising
PSA level after local therapy. Although some may be cured with salvage local therapy
and others ultimately succumb to their disease, most of these patients will not die of
prostate cancer and require no therapy. Better stratification of such patients is important,
particularly in light of the increasing awareness of the side effects of androgen-depriva-
tion therapy. Nonetheless, androgen-deprivation therapy remains a critical part of the
management of relapsed disease. A surprising finding is the outstanding survival of these
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patients. Nonetheless, the 27,000 men who die of prostate cancer annually develop cas-
tration-resistant disease. The mechanism of this occurring is increasingly understood,
but therapy is still relatively modest.

Several lines of evidence support the contention that persistent androgen signaling occurs
in hormone-refractory prostate cancer (HRCaP), making this pathway a key pathway for
drug treatment. The lines of evidence include work by Chen et al., who demonstrated cell
lines grown in the absence of androgens continued to produce androgen receptor (AR) mes-
sage and that the AR was the single most overexpressed transcript, suggesting its importance
in this state (1). Stanbrough et al. demonstrated in human samples from patients with castra-
tion-resistant prostate cancer that androgen-regulated transcripts in these samples continued
to be expressed, indicating that there was partial reactivation of AR transcriptional activity
(2). This was associated with increased expression of AR (5.8-fold) and multiple genes medi-
ating androgen metabolism. Similarly, Tomlins et al. demonstrated the persistence of expres-
sion of androgen-regulated genes. Finally, Mohler et al. showed (a) that tissue levels of
testosterone were similar in recurrent prostate cancer and benign prostate; (b) that tissue
levels of dihydrotestosterone, dehydroepiandrosterone, and androstenedione were lower in
recurrent prostate cancer than in benign prostate; (c) and that mean dihydrotestosterone
levels, although reduced, remained adequate to activate the AR (3).

A number of strategies are under investigation to test the clinical usefulness of interfer-
ence with this pathway either by reduction of ligand or inhibition of signaling molecules
relevant to this. The first approach might include the development of strategies that inter-
fere with the persistent production of ligand. Ligand may be produced by the adrenal
gland or alternatively by upregulation of enzymes in tumor cells capable of producing pre-
cursors to testosterone. Such approaches include the development of better antiandro-
gen—that is, drugs that bind the androgen receptor. The currently available antiandrogens,
flutamide, bicalutimide, and nilutimide, although active, have relatively weak AR-binding
properties. Such antiandrogens (e.g., BMS) are currently being tested in the clinic. An alter-
native strategy to interfere with ligand is to develop more robust lyase/hydroxylase inhibi-
tors, which decrease the amount of adrenal androgen production. Similarly, such drugs are
currently in clinical testing. The alternative approach would be to interfere with the andro-
gen receptor. Such approaches include heat shock protein 90 (Hsp90) inhibitors or histone
deacetylase (HDAC) inhibitors. Hsp90 is a molecular chaperone whose association is
required for the stability and function of multiple mutated, chimeric, and overexpressed
signaling proteins that promote the growth and/or survival of cancer cells. Hsp90 client
proteins include mutated p53, Ber-Abl, Raf-1, Akt, ErbB2, and hypoxia-inducible factor 1
alpha (HIF-1 alpha). There is strong evidence, at least in vitro, that AR is a client protein
for Hsp90. One Hsp90 inhibitor, 17-allylaminogeldanamycin (17-AAG), is currently in
phase I clinical trial. A variety of other HSP-90 inhibitors are in clinical development,
including tanespimycin and alvespimycin (Kosan Pharmaceuticals). IPI-504 (Infinity Phar-
maceuticals) represents an important therapeutic advance over 17-AAG because of its
improved solubility. Acetylation and deacetylation of the AR are an important mechanism
for regulating its transcriptional activity. HDAC inhibitors may indirectly diminish AR
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activity. A variety of HDAC inhibitors are in clinical trials; some of these are focused on
prostate cancer.

Another important pathway is the IGF-1/PTEN signaling pathway. The centrality of
this pathway in prostate cancer is illustrated by the finding that higher insulin-like
growth factor-1 levels in men years before diagnosis are associated with a higher likeli-
hood of developing prostate cancer. Further, mutations of PTEN, the tumor suppressor
gene that normally functions as a dual-specificity protein tyrosine phosphatase, occur in
early prostate cancer and occur more frequently in men with advanced disease. This
mutational event in turn results in activation of AKT, the serine/threonine protein kinase
that is the cellular homologue of the viral oncogene v-Akt. One of the downstream tar-
gets of AKT is mTOR, another serine/threonine protein kinase in the regulation of cell
growth. Mouse models that genetically activate AKT result in prostatic epithelial neopla-
sia (PIN), whereas those that involve loss of PTEN plus another genetic insult usually
result in invasive prostate cancer. Many drugs, either alone or in combination, that affect
this pathway are under investigation for prostate cancer, including IGF-1R antibodies,
PI3K, AKT, and mTOR inhibitors. Whether these drugs if used alone will be effective or
require combination approaches (either with other inhibitors of this pathway or with
proapoptotic stimuli such as chemotherapy) has yet to be determined.

Other growth factor pathways may be important. Interest in platelet-derived growth fac-
tor (PDGF) inhibition has stemmed from a number of lines of evidence, including its overex-
pression of receptor (PDGFR) in advanced disease. Imatinib, an inhibitor of PDGFR, has
been tested. A prospective randomized trial of docetaxel with or without imatinib has been
completed. No apparent benefit was seen with the addition of imatinib, however. Inhibition
of vascular endothelial growth factor signaling has been of interest. In two studies, higher
serum and urine levels of vascular endothelial growth factor were associated with a poorer
prognosis. Further, a study of bevacizumab in combination with docetaxel and estramustine
generated high responses in a Cancer and Leukemia Group B phase II study. This prompted
a large randomized phase III study of docetaxel with or without bevacizumab in men with
advanced prostate cancer. This trial is currently accruing. Other inhibitors of this pathway
are under investigation. Both sorafenib and sunitinib are small molecule inhibitors of the vas-
cular endothelial growth factor receptor KDR. Two clinical trials have tested the efficacy of
these agents used alone in men with advanced disease. The National Cancer Institute
reported paradoxical effects of the drug, wherein some patients had improvement in bone
scans but no salutary effect on PSA. The question as to the usefulness of PSA as a marker in
this context has been raised. The results of the sunitinib trial have yet to be reported. Trials
involving combinations of these drugs with docetaxel are under way.

Other interesting drugs in advanced disease include thalidomide. The mechanism of
its proposed anticancer activity is uncertain, but many have invoked an antiangiogenic
mechanism. Although the drug itself has minimal activity, in a small randomized phase II
study comparing docetaxel with docetaxel plus thalidomide, an effect was seen, with a
longer time to progression and survival noted with the combination, although these did
not reach statistical significance. Another study at the National Cancer Institute
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explored the combination of docetaxel, thalidomide, and bevacizumab, with apparent
excellent response rates. Further studies with thalidomide have not occurred. The drug
revlimid, a derivative of thalidomide approved for use in multiple myeloma and myelo-
dysplastic syndrome, is now under investigation for prostate cancer.

Vitamin D or its active derivative, calcitriol, has been under investigation. Vitamin D
binds the vitamin D receptor, which is part of the nuclear receptor family of transcription
factors. Its effect as monotherapy in prostate cancer has been studied for years, but its
effects appear to be modest. Interestingly, when combined with docetaxel in a phase II
study, the response rates were remarkably higher than seen with docetaxel alone. This
was subjected to a randomized phase II study (ASCENT I) in which 250 men with meta-
static HRCaP were randomized to DN-101 plus weekly docetaxel or placebo plus weekly
docetaxel. At an interim analysis, a trend toward improvement in PSA response rate and
overall survival (23.5 vs. 16.4 months, P = .07) was seen. Interestingly, substantial reduc-
tions in serious adverse events and any grade 3 or 4 adverse event were seen in the DN-
101 arm (27% vs. 41% for serious adverse events and 58% vs. 70% for any grade 3 or 4
event). This concept is now being validated in a larger randomized phase III study
(Androgen-Independent Prostate Cancer Study of Calcitriol Enhancing Taxotere II).

Finally, immunotherapeutic approaches have shown some promise in prostate cancer.
The most advanced approach is the sipuleucel-T (APC8015, Provenge) vaccine. This
vaccine consists of the patient’s own dendritic cells (antigen presenting cells), which are
collected, exposed ex vivo to human prostatic acid phosphatase and granulocyte-macro-
phage colony-stimulating factor, then reintroduced. In a placebo-controlled phase III
trial in 127 men with asymptomatic metastatic HRCaP, patients received sipuleucel-T or
placebo every 2 weeks for three doses. Those in the placebo group received a frozen ver-
sion of sipuleucel-T at progression. Interestingly, although the time to progression in this
relatively small trial was not different between the two arms (11.7 vs. 10.0 weeks for
treatment vs. control, respectively), there was a significant survival difference favoring
the treatment arm (25.9 vs. 21.4 months, P = .01). A confirmatory phase III trial is under
way to attempt to validate this exciting result. Other vaccine approaches, including
GVAX (a granulocyte-macrophage colony-stimulating factor gene transduced allogeneic
vaccine) and Prostvac (a poxvirus-based vaccine containing PSA) are being tested in clin-
ical trials. Finally, antibody targeting of prostate-specific membrane antigen (PSMA) and
prostate stem cell antigen are promising approaches as well.
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