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INTRODUCTION

 

A mounting body of evidence implicates 
dysregulation of cell-survival signalling 
pathways in the pathogenesis of hormone-
refractory prostate cancer (HRPC), and with 
the activation of survival mechanisms that 
counteract chemotherapeutic treatment 
options. What is not clear as yet is which are 
the most salient target(s) in these pathways 
that when inhibited will lead to the most 
effective clinical outcome. Several 
developmental drug candidates that have 
confirmed preclinical and clinical activity 
against cell-survival proteins are currently 
worth consideration as possible clinical 
entities in prostate cancer. We focus on some 
of these key effectors of cell survival and 
treatment resistance that are particularly 
pertinent for prostate malignancies, and 
review the results of recent trials of new 
agents that target these proteins.

 

Bcl-2 FAMILY PROTEINS: 
GATEKEEPERS OF APOPTOSIS

 

The Bcl-2 family of proteins have various roles 
that impinge directly on the balance between 

the survival or death of cells. Two key Bcl-2 
family proteins are Bcl-2 itself and Bcl

 

XL

 

. 
Both of these proteins inhibit apoptosis 
by blocking the release of cytochrome c 
from mitochondria. Bcl-2 and Bcl

 

XL

 

 are 
overexpressed in a very high percentage of 
prostate cancers, and are thought to 
contribute significantly to drug resistance. 
Given the undoubted importance of Bcl-2 
family proteins in prostate cancer cell 
survival, clinical trials using antisense agents 
that aim to reduce the expression of anti-
apoptotic Bcl-2 proteins are underway.

A phase II study of oblimersen sodium 
(Genasense, G3139), a phosphorothioate 
antisense oligonucleotide directed to the Bcl-
2 mRNA, in combination with docetaxel in 28 
patients with HRPC was reported recently [1]. 
Patients received oblimersen at 7 mg/kg/day 
continuous i.v. infusion for 7 days, with 
docetaxel 75 mg/m

 

2

 

 as a 1-h infusion i.v. 
on day 6, every 3 weeks, with an average 
of six cycles per patient. Overall, 14 of 27 
patients had a PSA response, 4 of 12 had an 
objective response and median survival was 
19.8 months. These results are comparable 
with results of single-agent studies for 
docetaxel in the treatment of HRPC [2,3]. 
However, in the study by Tolcher 

 

et al.

 

 there 
was a thorough analysis of oblimersen and 
docetaxel pharmacokinetics, which revealed 
that the steady state plasma oblimersen 
concentration (C

 

ss

 

) was a significant 
determinant of PSA response. Of the 28 
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patients, 15 had an oblimersen C

 

ss

 

 of >5 

 

µ

 

g/
mL, yet 12 of these had a PSA response, whilst 
of the remaining 12 with an oblimersen C

 

ss

 

 of 
<5 

 

µ

 

g/mL, only three had a PSA response. 
These results intriguingly suggest that 
attaining a sufficient C

 

ss

 

 of oblimersen above 
the critical 5 

 

µ

 

g/mL threshold might lead to a 
clinical benefit. However, several factors 
appear likely to compromise the routine 
clinical attainment of this concentration. Even 
though all patients were treated with the 
same 7 mg/kg/day dosing schedule, there 
was marked variability among patients, as 
measured by the oblimersen C

 

ss

 

; 12 of 
28 patients were unable to attain the 
apparent critical threshold of 5 

 

µ

 

g/mL. 
Unfortunately, simply raising and/or 
prolonging the oblimersen dose might 
necessitate a concomitant dose reduction 
in docetaxel, as 22 of 28 patients had 
haematological toxicity requiring a dose 
reduction in docetaxel to a median of 
60 mg/m

 

2

 

, 3-weekly, compared to the 
starting dose of 75 mg/m

 

2

 

. Nevertheless, 
some encouraging signs were reported in 
this study, underscoring the potential 
importance of Bcl-2 signalling in prostate 
cancer. The challenge will now be to overcome 
the significant dose, delivery and toxicity 
issues associated with combined Bcl-2 
antisense therapies, to develop into clinically 
useful agents.

 

NF-

 

k

 

B: A TRANSCRIPTION BOOST FOR 
CELL SURVIVAL PATHWAYS

 

NF-

 

κ

 

B family transcription factors are potent 
inhibitors of apoptotic cell death. Over-
activation of the NF-

 

κ

 

B family of 
transcription factors is associated with 
several human malignancies, including a 
series of human prostate cancer cell lines and 
prostate carcinoma xenografts [4,5]. 
Notwithstanding this, convincing evidence of 
enhanced NF-

 

κ

 

B activation in primary 
prostate cancer tissue is generally lacking, 
with variable heterogeneous nuclear staining 
of RelA, indicative of NF-

 

κ

 

B activation [6]. 
Specific inhibitors of NF-

 

κ

 

B family proteins 
have yet to progress to the clinic, but 
preclinical studies indicate that agents that 
specifically inhibit the proteasome also reduce 
levels of NF-

 

κ

 

B [7]. Of these agents the most 
advanced in prostate cancer clinical trials is 
bortezomib (PS-341, VELCADE), which has 
recently been approved for treating relapsed 
and refractory multiple myeloma.

A phase I/II study of bortezomib combined 
with docetaxel in patients with advanced 
androgen-independent prostate cancer gives 
some suggestion of clinical benefit [8]. Two 
bortezomib dose levels, 1.3 or 1.6 mg/m

 

2

 

 
combined with docetaxel 40 mg/m

 

2

 

, were 
expanded into two phase II treatment arms 
given weekly for 2 of 3 weeks in patients with 
advanced HRPC. At the lower dose, 24% of 25 
patients achieved a conformed PSA decline 
of more than half and three of 13 patients 
with measurable disease achieved partial 
remission, with the remainder achieving 
stable disease. There was a dose-dependent 
improvement in these criteria in the groups 
receiving the higher bortezomib dose, with 
36% of 28 patients registering a PSA decline 
of more than half and 14 of 18 patients with 
measurable disease achieving partial 
remission or stable disease. Unfortunately, 
these data are confounded by the lack of 
comparison with a docetaxel-alone arm, that 
would be expected to produce comparable 
declines in PSA levels, and partial and stable 
disease effects.

In preclinical studies, both thalidomide and 
arsenic trioxide have also been shown, 
amongst other effects, to inhibit NF-

 

κ

 

B 
activation. Thalidomide also has anti-
angiogenic properties, which when coupled 
with its favourable bioavailability and modest, 
acute, side-effect profile have spurred several 
early phase I/II trials as both single and 
combined therapies in HRPC. A randomized 
phase II trial of docetaxel plus thalidomide in 
HRPC was reported recently [9]; 75 patients 
with chemotherapy-naive metastatic HRPC 
were randomly assigned to receive either 
docetaxel 30 mg/m

 

2

 

 four times/week 

 

×

 

 3, 
with a 1-week rest (25 patients) or docetaxel 
+ thalidomide 200 mg daily (50 men).

The combined arm had a greater PSA response 
(53% vs 37%) and better median progression-
free survival (5.9 months vs 3.7 months for 
docetaxel alone). At 18 months the overall 
survival was also improved (68% vs 43% for 
docetaxel alone). When comparing the two 
arms of this trial the thalidomide combination 
appeared quite promising, but this 
enthusiasm is tempered by comparison with 
previous phase II and III trial data with similar 
docetaxel administration groups. Weekly 
docetaxel administration of 30 mg/m

 

2

 

 four 
times/week 

 

×

 

 6, and a 2-week rest, in the 
pivotal Tax327 phase III trial [3], resulted in 
PSA responses of 48% and a median survival 
of 17.4 months. Phase II trial results of weekly 

docetaxel regimens at 35–40 mg/m

 

2

 

 four 
times/week 

 

×

 

 6 and a 2-week rest resulted in 
PSA declines of 41–64% [10–13]. Even though 
the docetaxel treatment in the study by Dahut 

 

et al.

 

 was for a shorter cycle than previous 
studies (3-weekly, 1-week rest, vs 6-weekly, 2-
week rest) the cumulative docetaxel dose over 
a 2-month period was the same.

 

TARGETED INHIBITION OF RECEPTOR 
TYROSINE KINASES (RTKs)

 

Overactivity of the kinase signalling function 
of RTKs has been implicated in the cause of 
several human cancers. Increased levels of 
expression of the epidermal growth factor 
receptor (EGFR) and a truncated constitutively 
active mutant, EGFRvIII, have also been 
detected in human prostate cancer specimens 
[14]. A case could therefore be made to trial 
TK inhibitors that have been developed 
against the EGFR, i.e. gefitinib (Iressa) or 
erlotinib (Tarceva), or the humanized 
monoclonal antibodies such as cetuximab 
(Erbitux, C225) in prostate tumours.

Gefitinib has been conditionally approved as a 
third-line monotherapy treatment for 
nonsmall cell lung cancer (NSCLC) after 
successful phase II trials for stage III and IV 
NSCLC. However, only a minority of patients 
with NSCLC achieved objective tumour 
responses with gefitinib monotherapy. A 
compelling molecular rationale for this effect 
was provided by two studies showing that 
nearly all of the responsive patients 
harboured somatic mutations within the 
EGFR kinase domain, whereas tumours 
bearing the wild-type receptor were 
essentially unresponsive to this inhibitor [15]. 
The same mutants are also highly susceptible 
to the distinct EGFR TK inhibitor erlotinib. 
Despite the impressive correlation of the 
mutants with partial and complete objective 
responses to gefitinib in NSCLC, up to 30% of 
patients reported stabilization of disease [16], 
a response rate that is not readily accounted 
for by the presence of activating EGFR 
mutants or indeed of EGFR expression levels 
[17]. These mutants have also only been 
identified in NSCLC and are essentially absent 
in other solid tumours [18]. The recent 
publication of a disappointing randomized 
phase II study of two doses of oral gefitinib 
250 mg/day (19 men) or 500 mg/day (21 men) 
in patients with minimally symptomatic HRPC 
underlines the problem of predicting solid 
tumour responsiveness to RTK inhibitors [19]. 



 

I N T E R F E R I N G  W I T H  C E L L - S U R V I V A L  S I G N A L L I N G  A S  A  T R E A T M E N T  F O R  P R O S T A T E  C A N C E R

 

©

 

 

 

2 0 0 6  T H E  A U T H O R S

J O U R N A L  C O M P I L A T I O N  

 

©

 

 2 0 0 6  B J U  I N T E R N A T I O N A L

 

11 5 1

 

None of the 40 patients had a PSA or objective 
measurable response; 14% had stable PSA 
levels and 14% had stable disease (duration 
2.5–16.8 months). From these results it would 
appear that EGFR inhibitors such as gefitinib 
have minimal prospects as monotherapy in 
HRPC.

 

INHIBITION OF PDK-1 AND Akt

 

Loss of PTEN is a prevalent event in several 
human malignancies, in particular prostate 

cancer. PTEN hypofunction leads to the 
concomitant up-regulation of signalling 
activity of the PDK-1 and Akt kinases. As 
such, inhibition of key signal-transducing 
molecules such as PDK-1, and in particular 
the Akt kinases, would appear to be an 
excellent strategy to circumvent the 
consequences of loss of PTEN. In this 
context it is interesting that the NSAID 
cyclooxygenase-2 (COX-2) inhibitor, 
celecoxib (celebrex) has PDK1 inhibitory 
activity [20].

Several lines of evidence suggest that COX-2 
might be a valid target for chemoprevention 
and treatment strategies for human cancers. 
Overexpression of COX-2 has been correlated 
with advanced disease and poor prognosis in 
bladder, breast and colon cancer. In contrast, 
the link between COX-2 overexpression and 
prostate cancer progression is inconclusive. 
No correlation has been found with COX-2 
expression levels in prostate cancer vs benign 
prostatic tissue, nor with Gleason score or 
staging [21]. However, various studies indicate 

 

FIG. 1. 

 

A schematic diagram of the major cell-survival/treatment-resistance pathways. The PTEN/PI3K/Akt pathway is activated by RTKs at the cell membrane or 
through loss of PTEN, leading to constitutive activation of Akt and the anti-apoptotic proteins Bcl

 

XL

 

, Bcl-2 and NF-

 

κ

 

B, as well as mTOR. Trial drugs that inhibit some 
of the effectors of these pathways are depicted in red.
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that NSAIDs might have a preventive effect in 
prostate cancer [22,23], suggesting that the 
inhibitory activity on other than COX-2 of 
these agents, possibly via inhibition of PDK-1 
and thence Akt, may underscore their clinical 
activity in preventing prostate cancer.

Preliminary results of two phase II studies 
using high-dose (400 mg oral twice daily) 
celecoxib combined with chemotherapeutic 
regimens have been reported. In one study 
of a combination with epirubicin and 
estramustine in 14 patients, with 10 evaluable 
for response, six had a PSA decline by more 
than half, one had a response one bone scan, 
and one on CT [24]. Even though there was 
some evidence, as shown by PSA levels and 
the radiographic response, of a clinical 
response, the contribution of celecoxib to 
this effect cannot be determined from 
this trial. Somewhat more promising results 
were reported with a weekly docetaxel, 
estramustine and daily celecoxib (400 mg oral 
twice daily) regimen [25]. Of 33 patients 
treated, 25 were evaluated for response, 11 
of whom had measurable disease; one had 
a complete response, two a partial response 
and four stable disease, with an overall 
response rate of 27%. Encouragingly, 70% of 
patients had a PSA decline by more than half. 
However, grade 3–4 toxicity and one toxic 
death due to gastric perforation associated 
with celecoxib, in combination with the 
greater risk of severe cardiovascular events 
[26], might limit future testing of this 
combination.

Given that signalling at the level of the Akt 
kinases appears to be a key amplification 
point in the PTEN/PI3K/Akt pathway, effective 
inhibition of these kinases would be expected 
to have profound effects on prostate cancer 
development and progression. However, 
prospective inhibitors of these kinases 
appears to be still in the preclinical stages of 
development [27]. The oral alkylphospholipid, 
perifosine, decreases Akt activation by 
inhibiting Akt recruitment to the membrane. A 
phase II trial using daily perifosine as a single 
agent in 19 patients with progressive, 
metastatic HRPC was reported recently [28]. 
Of the 19 patients evaluable for response, 
none had a PSA decline by more than half, 
there were no radiographic responses and the 
median time to progression was only 4 weeks. 
Despite these poor results from monotherapy, 
the true clinical effectiveness of Akt inhibitors 
would be expected to reside as combined 
treatments with conventional cytotoxic 

agents, and it is hoped that combination trials 
with Akt inhibitors will persist.

 

INHIBITION OF mTOR

 

Several lines of evidence have focused 
attention on the key role of Akt in modulating 
the function of a cellular nutrient-sensing 
mechanism, the ‘mammalian target of 
rapamycin’ (mTOR) pathway. Aberrant control 
of this pathway leads to increased cell and 
organ size and hyperproliferation. The mTOR 
kinase appears to be the main signal-
integrating point in this pathway, receiving 
inputs via nutrient and energy levels and via 
the PTEN/PI3K pathway through the action of 
Akt. Inhibition of mTOR through the natural 
antibiotic rapamycin, originally developed as 
an immunosuppressant, has now been 
proposed for a therapeutic role in tumours 
such as prostate malignancies, where PTEN 
loss is highly penetrant [29]. Rapamycin and 
its esterified derivatives, CCI-779 and RAD-
001, have shown promise in preclinical tests, 
and some encouraging results with CCI-779 
in phase I/II trials in RCC and metastatic 
breast cancer have been reported [30,31].

However, experimental resistance to 
rapamycin and its esterified derivatives has 
already been shown through the anti-
apoptotic effects of Bcl-2 in a mouse model 
of prostate intraepithelial neoplasia [32]. As 
high levels of Bcl-2 family proteins are 
prevalent in HRPC, and inhibition at the level 
of mTOR is unlikely to inhibit the Akt driven 
boost in the levels and function of the Bcl-2 
proteins, clinical resistance to mTOR inhibitors 
in HRPC might be expected to inevitably 
ensue.

Clinical trials with mTOR inhibitors are 
currently underway in advanced prostate 
cancer [33]. However, it is likely that these 
agents will need to be combined with either 
chemotherapeutic or newer anti-Bcl-2 agents 
in development before the potential promise 
of this class of inhibitors can be properly 
assessed.

 

CONCLUSIONS

 

Overactivity of cell-survival signalling 
pathways appears to be a critical molecular 
switch in the progression of prostate cancer 
to androgen independence. Advances in 
our understanding of cellular survival 

mechanisms, coupled with the development 
and trialling of several inhibitors of survival/
treatment resistance signalling cascades, 
allow cautious optimism that agents able to 
some degree to circumvent the clinical 
progression of prostate cancer will become 
available in the not too distant future.
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