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Abstract
Purpose—2ME2 (Panzem®) is a non-estrogenic derivative of estradiol with antiproliferative and
antiangiogenic activity. Preclinical data support antitumor activity in prostate cancer. This trial
evaluated the efficacy of 2ME2 NCD in patients with taxane-refractory, metastatic CRPC.

Experimental Design—Patients with metastatic CRPC who had progressed on only one prior
taxane-based regimen were eligible. All patients received 2ME2 NCD at 1500 mg orally four
times daily, repeated in 28 day cycles. The primary endpoint was progression free survival at
month 6, with a secondary endpoint of PSA response. An exploratory endpoint was metabolic
response on FDG-PET imaging.

Results—A total of 50 pts was planned. The study was terminated after 21 pts when a futility
analysis showed the primary endpoint was unlikely to be reached. The median number of cycles
on study was 2 (range <1 to 12). Adverse events (AE) of grade ≥3 related to the study drug
occurred in 7 unique patients (33%): elevations in liver function tests, fatigue or weakness,
gastrointestinal hemorrhage, and hyponatremia. Paired FDG-PET scans were obtained for 11 pts.
No metabolic responses were observed.

Conclusions—2ME2 NCD did not appear to have clinically significant activity in this study.
2ME2 NCD was well-tolerated and showed some evidence of biologic activity. Given the
aggressive biology in this taxane-refractory population, the potential benefit from a cytostatic
agent like 2ME2 might better be realized in the pre-chemotherapy (or rising PSA only) stage of
CRPC.
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Introduction
In 2009, prostate adenocarcinoma was diagnosed in an estimated 192,280 men and resulted
in an estimated 27,370 deaths in the United States [1]. Although androgen deprivation
therapy is effective for advanced or recurrent disease, nearly all patients will eventually
develop castrate-resistant prostate cancer (CRPC) after a variable duration of response [2–
3]. The regimen of docetaxel and prednisone was approved by the United States Food and
Drug Administration in 2004 based on a modest improvement (about 2.5 months) in overall
survival over mitoxantrone [4] and is the standard of care for first-line treatment of CRPC.
However, the duration of response remains short with a median overall survival of
approximately 18 months. Currently there is no standard second-line therapy for these men
after progression on a taxane-based regimen. Mitoxantrone with corticosteroids was
approved for palliative benefit only (i.e. symptom palliation, without proven survival
advantage) in 1996 [5–6]. Cabazitaxel with prednisone recently showed a statistically
significant improvement in overall survival when compared against mitoxantrone with
prednisone in men with CRPC previously treated with docetaxel [7]; however, this regimen
is not yet FDA-approved and there are concerns about the toxicity profile of cabazitaxel in
this population. While some men with taxane-refractory CRPC may currently go on to
receive mitoxantrone, it is clear that better treatments for this population are urgently
needed.

As in many solid tumors, angiogenesis appears to have an important role in prostate cancer
progression. Increased microvessel density in clinically localized prostate cancer is an
independent prognostic factor for progression and survival [8–9] and is associated with
higher stage after radical prostatectomy as well as shorter time to recurrence after radiation
therapy [10–12]. Plasma levels of vascular endothelial growth factor (VEGF), a potent and
specific stimulator of endothelial cell proliferation and angiogenesis [13], are increased in
patients with metastatic prostate cancer, both in comparison to patients with localized
prostate cancer and normal controls [14]. VEGF level has been demonstrated to be an
independent prognostic factor in men with metastatic CRPC [15]. Therefore, inhibition of
angiogenesis may be a viable strategy for the treatment of CRPC.

2-methoxyestradiol (2ME2) is a naturally occurring estrogen metabolite with both anti-
angiogenic and anti-proliferative activity. 2ME2 binds poorly (0.05% binding) to the
estrogen receptor [16] and has not shown estrogenic activity in model systems. Preclinical
data support anti-tumor activity of 2ME2 in multiple prostate cancer cell lines, including
androgen-independent lines [17]. The antiangiogenic activity of 2ME2 has been
demonstrated in vivo in corneal micropocket [18], chick chorioallantoic model systems [19],
and Matrigel plug assays [20], as well as by the observation of reduced tumor vasculature in
2ME2-treated mice [21]. 2ME2 appears to inhibit proliferation through induction of
apoptosis by activation of p53 [22] and inhibition of hypoxia-inducible factor 1 (HIF-1), an
important transcription factor for angiogenesis [23]. In addition, 2ME2 binds to tubulin,
inducing mitotic arrest by suppression of microtubule dynamics [24]. The tubulin interaction
occurs upstream of the inhibition of HIF-1, providing a mechanistic link between the
disruption of the microtubule cytoskeleton and inhibition of angiogenesis [25]. This
promising preclinical data supporting antitumor activity of 2ME2 led to further testing in the
clinic.
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In initial clinical studies, 2ME2 was formulated as a capsule; however, although 2ME2
capsules appeared to be safe, pharmacokinetic results showed that 2ME2 capsules did not
achieve sufficient sustained plasma levels of 2ME2 in order to adequately evaluate its
therapeutic potential. A phase II study of 2ME2 capsules in chemotherapy-naïve, castrate-
resistant prostate cancer (CRPC) patients showed decreases in PSA velocity despite
suboptimal exposures of 2ME2 [26]. Therefore, 2ME2 was reformulated as a NanoCrystal®
colloidal dispersion (NCD), which demonstrated an improved pharmacokinetic (PK) profile
and antitumor activity in preclinical studies. In animal models, anti-cancer activity was
enhanced when there was relatively constant plasma exposure to 2ME2 (i.e. when delivered
by implanted osmotic pumps or multiple daily oral doses) and a target minimum effective
concentration of 3.3 ng/mL was identified [27]. The recommended phase II dose of 2ME2
NCD is 1500 mg by mouth four times daily, as determined in two independent phase Ib
studies [28–30]. This dose of 2ME2 NCD was tested in the present study of patients with
docetaxel-refractory metastatic CRPC.

Assessing response in metastatic CRPC is difficult due to the disease manifesting primarily
as bony metastases, which led to a search for legitimate biomarkers of response. Prostate-
specific antigen (PSA) response has been an acceptable surrogate with conventional
cytotoxic chemotherapy [31]; however, with novel agents like 2ME2 that are presumably
cytostatic, PSA response might not accurately predict clinical benefit. Although paired
tumor biopsies (pre- and post-treatment) have provided the primary source for examination
of surrogate markers of antiangiogenic therapies, biopsies of osseous metastases in CRPC
are invasive and not clinically practical. Fluorodeoxyglucose positron emission tomography
(FDG-PET) scanning is a non-invasive, widely available, and technically consistent means
to assess the activity of new agents in patients on phase II trials by imaging early tumor-
related changes [32]. Although early studies of FDG-PET in prostate cancer suggested a
much lower sensitivity for bone metastases than reference bone scans, many of these studies
were performed in patients at heterogeneous stages of disease [33]. Concordance of FDG-
PET with bone scan findings and PSA changes were much higher, with a greater potential of
PET over bone scan in discriminating active lesions from quiescent disease, when studied in
more uniform patient populations, such as those with androgen-independent disease [34–
35]. A more recent study, in patients with metastatic CRPC undergoing anti-microtubule
cytotoxic chemotherapy, revealed a greater than 90% accuracy of FDG-PET in correctly
identifying the patients’ response to treatment at 4 and 12 weeks, based on comparison with
standard outcomes with PSA measurements, bone scans and computed tomography (CT).
The authors concluded that FDG-PET is promising outcome measure in metastatic CRPC
for dichotomizing patients as progressors or nonprogressors [36]. For these reasons, FDG-
PET was evaluated as a biomarker in the present study.

We conducted a phase II trial of 2ME2 NCD in patients with taxane-refractory, metastatic
castrate-resistant prostate cancer. The primary endpoint was progression-free survival (PFS)
at 6 months. Secondary endpoints included assessment of PSA response (PCWG1 consensus
criteria [31]) and objective response rate by RECIST [37], as well as safety evaluation. An
exploratory endpoint was the metabolic response on FDG-PET imaging in a subset of
patients with PET-positive metastases. Pharmacokinetics samples were collected to assess
the steady-state levels of 2ME2 and its primary metabolite, 2ME1.

Materials and Methods
Study population

To participate in this study, patients were required to have histologically or cytologically
confirmed adenocarcinoma of the prostate with evidence of progressive metastatic disease
despite prior androgen deprivation therapy (including castration) and a castrate level of
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testosterone (< 50 ng/dL). Patients were also required to have received only one prior
taxane-based regimen for metastatic disease, with evidence of disease progression during
treatment or within 6 months of treatment discontinuation. Up to one other prior
experimental therapy was permitted. Progression was defined as: new lesions on bone scan
(≥1), new/enlarging lesions on computerized tomography (CT) scan by RECIST, or known
metastatic disease and rising PSA. Scans were reviewed by independent investigators at
each study site for determination of eligibility based on these criteria for progression.
Confirmatory scans were not required. In addition, patients with bone metastases only (i.e.
lacking soft-tissue disease) were required to have a PSA level of 10 ng/mL or higher.
Patients with soft tissue metastases and/or visceral disease were required to have either
measurable disease by RECIST or a PSA level of 10 ng/mL or higher. Patients with stable
metastatic disease and rising PSA were required to have two consecutive rises in PSA
measurement, each separated from the previous by a ≥ two weeks with the most recent PSA
value obtained within 1 week prior to registration.

Eligible patients were ≥18 years of age; underwent appropriate antiandrogen withdrawal
intervals (≥4 weeks for flutamide, ≥6 weeks for bicalutamide or flutamide) with continued
progression confirmed by rising PSA; had no other malignancies within 5 years (excluding
non-melanoma skin cancers treated with curative intent); had Eastern Cooperative Oncology
Group (ECOG) performance status of two or less; had life expectancy of greater than 12
weeks; and had near normal organ and marrow function within 2 weeks prior to registration
(granulocytes > 1500/mm3, platelet count > 100,000/mm3, bilirubin < 1.5 mg/dL, serum
glutamate pyruvate transaminase [ALT] < 2 times the institutional upper limit of normal,
and creatinine < 1.5 mg/dL or a calculated creatinine clearance > 50 mL/min).

Patients were excluded from the study if they had prior therapy with radioisotopes, active
angina pectoris, known heart disease of New York Heart Association Class III to IV,
ventricular dysrhythmias, other unstable arrhythmias, known history of carcinomatous
meningitis or brain metastases, or major surgery within 21 days of starting treatment.
Patients could not have had prior radiotherapy within 4 weeks prior to registration; if
palliative radiotherapy had been given, two consecutive rises in PSA values were necessary,
each separated from the previous value by at least of two weeks (with baseline value
obtained after completion of radiation treatment). No concurrent use of estrogen, or
estrogen-like agents (including saw palmetto and other herbal products containing
phytoestrogens), or any other hormonal therapy (including megestrol acetate, finasteride,
ketoconazole, and systemic corticosteroids) were allowed at any time during the study. Prior
use of these agents was discontinued ≥ 4 weeks prior to enrollment followed by
confirmation of disease progression as above. Patients with type I insulin-dependent
diabetes, poorly-controlled type II insulin-dependent diabetes, or a fasting blood glucose of
more than 10 mmol/L (200 mg/dL) were excluded due to difficulty evaluating the tumor
metabolic activity using FDG-PET under these conditions. The use of bisphosphonate
therapy was allowed provided that the patient had been receiving the therapy for 4 weeks or
more with evidence of progressive disease as outlined above; however, patients were not
allowed to start bisphosphonate therapy while receiving protocol treatment unless clinically
indicated (which required approval of the study principal investigator). Those patients
already on a bisphosphonate therapy were allowed to continue to receive the bisphosphonate
as previously scheduled.

Before implementation, this study was approved by the Institutional Review Board of the
University of Wisconsin-Madison and each of the participating clinical sites. All patients
gave written, informed consent before study entry.
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Pretreatment evaluation and follow-up studies
Evaluations done at baseline and on day 1 of every 28-day cycle included a physical exam
with assessment of weight, vital signs, and ECOG performance status; complete blood count
including a differential and platelet count; serum chemistry (albumin, alkaline phosphatase,
total bilirubin, bicarbonate, BUN, calcium, chloride, creatinine, glucose, GGT, LDH,
potassium, total protein, AST, ALT, sodium, magnesium, and phosphorus, and uric acid),
testosterone, and PSA. Coagulation studies and urinalysis were obtained at baseline only.
Radiographic evaluation at baseline (within 4 weeks prior to start of therapy) and after every
even cycle consisted of a computed tomography scan of the abdomen and pelvis; a chest x-
ray or chest CT (if abnormal chest x-ray or known lung metastasis); and a whole body bone
scan. Baseline FDG-PET was obtained within 14 days (preferably within 7 days) of the first
2ME2 NCD dose with follow-up scan at 28 days +/− 5 days after treatment started. A subset
of 20 patients with matched sets of FDG-PET scans (2 total) was planned; therefore, based
on the 65% FDG-PET positivity rate reported in a similar population, it was anticipated at
least 30 patients would need to be screened to obtain the 20 matched sets. Plasma levels of
2ME2 and 2ME1 were drawn at baseline and repeated at the beginning of each new cycle of
therapy prior to the next scheduled dose of 2ME2 NCD (trough levels).

Study design and treatment schedule
This was a single-arm, phase II efficacy and pharmacodynamic study of 2-methoxyestradiol
(2ME2) NanoCrystal® Dispersion (NCD). 2ME2 NCD (Panzem® NCD) was provided by
EntreMed, Inc. (Rockville, MD). Patients took 1500 mg of 2ME2 NCD by mouth four times
daily in 28 day cycles. Patients were instructed to refrain from eating for 1 hour before and
30 minutes following all 2ME2 doses in order to improve absorption [30]. If patients missed
a scheduled dose, they were instructed to take 2ME2 promptly and continue treatment on
schedule. 2ME2 was supplied as a 100 mg/mL colloidal dispersion in 8-ounce bottles. Up to
a 28-day supply was dispensed to patients. Patients were asked to refrigerate their 28-day
supply of drug. Patients who had not undergone bilateral orchiectomy continued their
luteinizing hormone-releasing hormone (LHRH) agonist therapy (e.g., leuprolide or
goserelin) or LHRH antagonist (e.g. abarelix) while receiving protocol therapy.

Toxicity and dose modifications
Toxicities were graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) version 3.0. All treated patients were considered
evaluable for toxicity.

The first dose reduction for 2ME2 NCD resulted in a 25% decrease compared with the
initial dose (i.e. to 4500 mg daily). A second dose reduction mandated a 50% decrease from
the initial dose (i.e. to 3000 mg daily). A third dose reduction required a 66% decrease of the
initial dose (i.e. to 2000 mg daily). Any patient on the third dose level who would have
required further dose reduction according to protocol guidelines was removed from study.

Any grade ≤ 3 diarrhea, constipation, or nausea that resolved to baseline promptly (within 2
days) with best supportive care (i.e. antidiarrheal, stool softener/laxative, or antiemetic
medications) did not require a dose reduction. However, recurrent symptoms despite best
supportive care required a reduction as outlined above. Subjectively intolerable grade 2
toxicity necessitated holding 2ME2 NCD for up to 2 weeks until recovery to grade 2 or
better and restarting at same dose level. Any other grade 3 or higher toxicity or recurrent
subjectively unbearable grade 2 toxicity mandated discontinuation of 2ME2 NCD until
recovery (up to 2 weeks) followed by resumption of the study drug at the next lower dose
level. In general, adverse events that did not resolve to grade 2 or below within 2 weeks of
drug discontinuation resulted in patient removal from the study. All dose reductions were
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permanent for the duration of the study, unless the study sponsor and principal investigator
agreed otherwise.

Statistical methods and analysis
The primary efficacy endpoint was progression-free survival (PFS) at 6 months for all
patients receiving at least one dose of study medication. PFS was defined as the duration of
time from the start of treatment to the time of radiographic or symptomatic progression. A
change in PSA by itself was not used to define progressive disease, unless accompanied by
either symptomatic deterioration or radiographic progression. RECIST were used to
determine radiographic progression. For non-target lesions, appearance of one or more new
lesions and/or unequivocal progression of existing non-target lesions defined progression.
Any new symptomatic lesion seen on bone scan was considered progressive disease. Scans
were reviewed by independent investigators at each study site. Confirmatory scans were
required only to confirm partial response (PR) or complete response (CR). Secondary
endpoints included objective response rate by RECIST, rate of ≥ 50% decline in the level of
PSA (PCWG1 consensus criteria [31]), and evaluation of safety. Exploratory endpoints were
determination of 2ME2 and 2ME1 plasma levels and evaluation of metabolic response using
FDG-PET.

This study was designed as a single cohort, historically-controlled pilot study. The sample
size for the study was based on the PFS at month 6. Historically, at the 3 month time point,
patients with metastatic, docetaxel-refractory, castrate-resistant disease had approximately a
50% progression rate, regardless of the exact chemotherapy regimen used [38–39].
Therefore, this population was projected to have a 75% progression rate at month 6 (e.g.
PFS of 25%). We hypothesized that 2ME2 NCD would lower this progression rate to 55%
(e.g. increase PFS to 45%). The study was designed to enroll up to 50 patients to test the
hypothesis that 2ME2 would increase PFS at month 6 by 20%. This fixed sample design
tested the null hypothesis that the proportion of PFS at month 6 is at most 25% against the
alternative hypothesis that it is at least 45%. Error probabilities of one-sided α = 0.10 and β
= 0.05 were used. If 16 or more patients were progression-free at month 6, the regimen was
to be considered to warrant further study.

Efficacy analyses of PFS were conducted on an intention-to-treat basis (i.e. all enrolled
patients were considered evaluable). Baseline characteristics were summarized using
standard descriptive statistics. The PFS curve was calculated using Kaplan-Meier
methodology.

Pharmacokinetics
Plasma samples were analyzed for 2ME2 and 2ME1 using validated LC/MS/MS assays with
quantifiable limits of 1 ng/mL for both compounds by PPD, Inc. (Madison, WI). The plasma
concentrations were used as reported by the bioanalytical laboratory. Standard deviation was
not calculated with n <3.

FDG-PET imaging
Participation in the cohort of pharmacodynamic assessment using FDG-PET scanning was
required until twenty complete sets of FDG-PET scans were obtained. Based on prior
studies [34], the FDG-PET positivity rate was estimated at 70%. Therefore, it was
anticipated that approximately 30 patients would need to be screened to obtain 20 complete
sets of FDG-PET scans. FDG uptake in primary tumor and metastasis (up to a maximum of
three lesions, including the biopsied lesion) were analyzed semi-quantitatively by the
maximum Standardized Uptake Value (SUVmax) for body weight calculated according to
the following equation:
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In cases where there were more than three lesions, the three lesions with maximal uptake
were selected from the baseline scan. The location of abnormalities was recorded and the
same lesions were followed on subsequent scans. The presence of new lesions was also
recorded. FDG-PET metabolic response was assessed based on the European Organization
for Research and Treatment of Cancer (EORTC) guidelines [40] and the average tumor
SUVmax for the target lesions selected.

Early study closure
The study was terminated after 21 patients had been enrolled. An unplanned futility analysis
showed that the primary endpoint was unlikely to be reached, because at that time no
patients had remained on study for more than 6 months. Patient accrual was formally
discontinued in March of 2008, when the final patient remaining on study had been followed
for 6 months. After that time, the one remaining active patient continued to be followed with
safety assessments only.

Results
Patient characteristics

Twenty-one patients were enrolled between November 2006 and September 2007. The
baseline clinical and biological characteristics are presented in Table 1. The median age of
patients was 68 years (range, 49–80) and median Gleason score was 8 (range 6 – 9),
although 12 patients (60%) had a Gleason score of 8 or 9. In 3 patients, Gleason scoring was
either not performed or not available at baseline. Median PSA concentration at study entry
was 140 ng/mL (range, 6.9 – 4784.7 ng/mL). All patients had received docetaxel and none
had received paclitaxel. Of these patients, 81% had bone metastases, with the remainder
having only soft tissue metastases. Bone-only metastases were present in 33% of patients.

Exposure to study medication
The median number of cycles on study was 2 (range, <1 – 12). See table 2 for reasons for
study discontinuation. Protocol-mandated dose reductions were necessary for 4 patients.

Disease progression
The Kaplan-Meier curve for progression-free survival (PFS) is shown in Figure 1, which
includes the 21 patients in the intention-to-treat population. One patient discontinued study
treatment at day 329. This patient was alive and without recorded progression of disease at
that time and was therefore censored at the discontinuation date. The 6 month PFS rate was
only 5.35% (95% confidence interval: 0.795% – 36.0%) and the median PFS was 56 days
(95% CI: 53–56 days).

Response to therapy
There were no objective responses by RECIST. One patient had a ≥ 50% decline in PSA
after cycle 1 but developed progression by RECIST after 2 cycles of therapy (without PSA
progression). Another patient continued on study for 12 cycles of treatment with stable
disease by RECIST, after which he developed evidence of progression of disease by bone
scan, increasing PSA, and increased fatigue. Figure 2 shows the maximal percent change in
PSA at any time point compared with the baseline value (waterfall plot).
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Adverse events
Adverse event (AE) data are available on all 21 patients. 2ME2 NCD was generally well-
tolerated. Table 3 lists grade 3 or 4 AEs listed as possibly, probably, or definitely related to
the study drug. The least complimentary causality was used. A Grade 3 or 4 AE occurred in
7 unique patients (33%). Elevated liver function tests (alanine transaminase, aspartate
transaminase, alkaline phosphatase, gamma glutamyl transpeptidase) occurred in 4 unique
patients (19%). Most frequent AE, regardless of grade or attribution, were: pain (55%),
nausea (55%), fatigue (45%), anorexia (35%), vomiting (25%) and diarrhea (25%).

Pharmacokinetics
Plasma concentrations of 2ME2 and 2ME1 after oral administration of Panzem® NCD four
times daily are shown in Figure 3, and were available for 14 patients enrolled in 4 centers.
Trough plasma concentrations of 2ME2 and 2ME1 were fairly constant and trough plasma
concentrations of 2ME1 were 10 to 20 times higher than plasma concentrations of 2ME2 as
expected from previous studies with this agent.

2ME2 was not quantifiable in any sample collected before administration of the first dose of
Cycle 1. Overall, variations in trough concentrations between patients were small with a
coefficient of variance (CV) of 49% (n = 13) before treatment Cycle 2 and a CV of 35% (n =
6) before treatment Cycle 3. The intra-patient variability was less than 100% in patients with
more than one plasma concentration determination. Mean trough concentrations of 2ME2
before each treatment cycle ranged between 12.70 and 16.98 ng/mL.

2ME1 was also not quantifiable in any sample collected before administration of the first
dose of Cycle 1. Overall, variations in trough concentrations between patients were small
with a CV of 63% (n = 13) before treatment Cycle 2 and a CV of 14% (n = 6) before
treatment Cycle 3. The intra-patient variability was less than 100% in patients with more
than one plasma concentration determination. Mean trough concentrations of 2ME1 before
each treatment cycle ranged between 209.00 and 302.54 ng/mL.

FDG-PET imaging
Baseline scans were obtained on 16 patients, of which 11 patients had paired FDG-PET
scans and were evaluable for metabolic response. No metabolic responses were observed as
defined by the protocol (EORTC guidelines [40]). Mean SUVmax change was +7.73%
(range, −27.05% to +20.45%). The patient who had a mean SUVmax change of −27.05%
also had a new cervical spine lesion on his follow up PET scan.

Discussion
Patients with metastatic, castrate-resistant prostate cancer (CRPC) who progress on
docetaxel currently have no standard options available to them [41] and few treatment
options overall. In this poor-prognosis patient population, new treatment strategies are
urgently needed. There is strong rationale for targeting angiogenesis in this setting, as
angiogenesis appears to play a key role in prostate cancer progression [42]. 2-
methoxyestradiol (2ME2) is a non-estrogenic derivative of estradiol with both
antiangiogenic and antiproliferative activity that has been re-formulated as NanoCrystal®
colloidal dispersion (NCD), with improved pharamacokinetics and antitumor activity
compared with the original capsule form.

This phase II, single-arm, open-label study tested the hypothesis that 2ME2 NCD would
improve the progression-free survival (PFS) at 6 months over historical controls, from 25%
to 45%. Unfortunately, the observed PFS at 6 months was only 5%. With the NCD
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formulation, plasma concentrations of 2ME2 necessary for antitumor effect as predicted by
preclinical data (e.g. ≥3.3 ng/mL) were achieved. Regrettably, 2ME2 NCD did not appear to
have clinically significant activity in this study and cannot be recommended for use as
monotherapy in men with taxane-refractory CRPC.

The time on-study was short, at a median of 2 cycles. 2ME2 NCD was relatively well-
tolerated, with the main drug-related grade 3 or 4 adverse events being elevated liver
function tests. There was some evidence of biologic activity, with one PSA response
(PCWG1 consensus criteria [31]) and one other patient who remained on-study for 12 cycles
with stable disease. However, given the aggressive biology in this taxane-refractory
population, the potential benefit from a cytostatic agent like 2ME2 NCD might better be
realized in the pre-chemotherapy (or rising PSA-only) stage of CRPC. A 2ME2 analog with
increased bioavailability and anti-tumor activity has completed Phase I clinical testing [43].

One strength of our study is the design, which incorporated a biomarker (FDG-PET
imaging) as a secondary endpoint into a standard, historically-controlled single-arm study
with PFS as the primary endpoint. A weakness in the study design is that FDG-PET appears
to be useful mainly for dichotomizing patients with CRPC treated with antimicrotubule
therapy into progressors and nonprogressors [36], so FDG-PET should have been evaluated
as a biomarker for progression (instead of response). The use of randomized phase II clinical
trials in oncology has increased with the advent of molecularly targeted agents [44]. Experts
have made disparate recommendations as to how often randomized phase II design should
be employed, from recommending use in “select circumstances” by an international task
force [45] to recommending use as a “standard approach” by Ratain et al. [46]. However,
historically-controlled studies are more statistically efficient, requiring significantly fewer
patients, oftentimes fewer than half the number required for a randomized trial. With the
large number of anti-cancer agents currently in development, maximizing patient exposure
to effective versus ineffective agents will be crucial. The incorporation of functional and/or
molecular imaging has the potential to make clinical trials more efficient by predicting early
responders to treatment and thereby shortening trials of ineffective agents [47]. Molecular
imaging also represents a possible intermediary between treatment exposure and survival as
an outcome. However, molecular imaging and other prospective biomarkers (e.g.
enumeration of circulating tumor cells [CTC]) will need to undergo rigorous surrogate
evaluation before they can be used in larger clinical trials as primary endpoints.

The results of several phase II trials of antiangiogenic agents as monotherapy have been
reported in the docetaxel-refractory CRPC population, including with the vascular
endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors (TKI) sunitinib and
sorafenib. It should be noted that sunitinib and sorafenib both have some antiproliferative
activity as well. Two small studies tested sunitinib on the 4 weeks on, 2 weeks off schedule.
In the first study by Periman et al. in 19 patients, the primary objective of PFS at 12 weeks
was 75.8% and PSA decline ≥ 50% was documented in 4 patients (12.1%) [48–49]. A
second study by Michaelson et al. in 17 patients (Group B, docetaxel-refractory) observed
only one ≥ 50% PSA decline and seven men with stable PSA at 12 weeks [50]. The authors
conclude that since assessments of radiographic disease status were often discordant with
changes in PSA, alternate end points are important in future trials. In a study by Dahut et al.,
in which 55% of the 22 enrolled patients had received prior docetaxel, sorafenib provided
some evidence of benefit by clinical criteria (two patients with improved bony metastatic
lesions), but not PSA criteria or RECIST [51]. Interestingly, in this study there were also
discordant PSA and radiographic responses; therefore, PSA increase was removed as a
criterion of disease progression. These studies highlight the overall disappointing results for
anti-angiogenic agents as monotherapy in the setting of docetaxel-refractory CRPC and the
challenges of using PSA as an endpoint in trials of novel biologic agents.
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In summary, 2ME2 (Panzem®) NCD did not have clinically significant activity in this
population of men with docetaxel-refractory CRPC. However, interest remains in the
clinical evaluation of anti-angiogenic agents for the treatment of prostate cancer. It will be
crucial to identify the subset of patients who may best benefit from these agents. Because of
the aggressive biology of docetaxel-refractory CRPC, conventional wisdom held that anti-
angiogenic agents might best be combined with cytotoxic chemotherapy in this disease
stage. However, preliminary reports indicate that CALGB 90401, a randomized phase III
study evaluating docetaxel chemotherapy and prednisone with or without bevacizumab in
men with chemotherapy-naïve CRPC, failed to meet its primary endpoint of extending
overall survival [52]. This data has been submitted for presentation at the American Society
of Clinical Oncology (ASCO) annual meeting in June 2010. Clearly, much work remains to
determine how to measure clinical benefit most expeditiously in early-phase trials and to
find the combination schedule and dosing that optimize the efficacy to toxicity ratio of
antiangiogenic therapies in CRPC.
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Figure 1.
Kaplan-Meier plot of progression-free survival in the intention-to-treat population (solid
line). Dashed lines indicate the upper and lower 95% confidence interval bands. One subject
terminated at day 329 alive and without recorded progression of disease.
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Figure 2.
Waterfall plot showing maximal prostate-specific antigen (PSA) change post-therapy (at any
time point) compared with baseline (n = 18). Three patients discontinued the study before a
post-therapy PSA was drawn. Values are truncated at +100%.
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Figure 3.
Pharmacokinetics. Plasma Concentrations of 2ME2 and 2ME2 in Prostate Cancer Patients
after Oral Administration of 1500 mg Panzem® NCD Four Times Daily.
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Table 1

Patient characteristics at baseline. Patients were counted once per category or subcategory of prior therapy and
once per metastatic site category.

Number of Patients 21

Age (years), median and range 68 (49 – 80)

Median Time from Initial Diagnosis (yrs) 5 (2 – 14)

Gleason Score, median and range (n = 18*) 8 (6 – 9)

PSA Baseline (ng/ml), median and range 140 (6.9 – 4784.7)

Number (%)

ECOG Performance Status (baseline)

 0 10 (48%)

 1 11 (52%)

Race

 Caucasian 19 (90%)

 African-American 2 (10%)

Prior Therapy

 Surgery (excluding orchiectomy) 10 (48%)

 Hormonal 21 (100%)

 Radiotherapy 14 (67%)

 Immunotherapy 1 (5%)

 Chemotherapy

  Docetaxel 21 (100%)

  Mitoxantrone 0

  Experimental 11 (52%)

Metastatic Sites

 Bone 17 (81%)

 Lymph Node 13 (62%)

 Lung 4 (19%)

 Liver 1 (5%)

 Adrenal Gland 1 (5%)

*
Gleason scores were not available for three patients.
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Table 2

Reasons for study discontinuation. Patients may be listed in more than one category, as sites were allowed to
choose more than one reason for study termination. One patient refused to return for follow-up imaging.

Reason Number %

Disease Progression 17 81.0

Adverse Event(s) 7 33.3

Clinical or symptomatic disease progression 2 9.5

Noncompliance with follow-up 1 4.8
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Table 3

Grade 3 or 4 adverse events listed as possibly, probably, or definitely related to the study drug. ALT alanine
transamine. AST, aspartate transaminase. ALP, alkaline phosphatase. GGT, gamma glutamyl transpeptidase.
GI, gastrointestinal.

Event (n = 21) Grade 3 Grade 4 Total (%)

Elevated ALT 2 1 3 (14%)

Elevated AST 1 1 2 (10%)

Elevated ALP 1 0 1 (5%)

Elevated GGT 0 1 1 (5%)

Fatigue or weakness 2 0 2 (10%)

GI hemorrhage 1 0 1 (5%)

Hyponatremia 1 0 1 (5%)

 Total 8 3 11
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