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EDITORIAL

Prostate Cancer: Moving Forward by Reinventing the Wheel ... But This Time It Is Round

Derek Raghavan, Eric A. Klein 
Cleveland Clinic Taussig Cancer Institute and Glickman Urological and Kidney Institute, Cleveland, OH 
The article by Attard et al1 in this issue of Journal of Clinical Oncology illustrates elegantly that we are gradually coming to understand the molecular basis of prostate cancer progression. The use of abiraterone acetate is predicated on the recognition that it can selectively block CYP17, a microsomal enzyme that catalyzes a series of reactions critical to nongonadal androgen biosynthesis. Furthermore, this study provides provocative preliminary evidence that this effect may be associated with expression of a TMPRSS2-ERG fusion protein that may be involved in the regulation of one of the pathways that drive the so-called hormone-resistant or refractory state.2 The important features in this article are the science and the clinical durability of response. 
All too often in the recent past, we have fallen prey to the trumpeting of statistically significant but clinically irrelevant outcomes, such as minor increments in progression-free survival, prostate-specific antigen dips, and other end points that really do not help patients who are in trouble. This study suggests that abiraterone acetate actually will be helpful to patients, and thus it should be taken seriously as a salvage therapeutic choice. This work is all the more exciting because other potentially useful second-line options, such as aminoglutethimide,3,4 LY 320236,5 and tesmilifene,6 which would give us added salvage options, have not been developed or maintained for the market for a range of reasons. 
The thought that the hormone-refractory state is not absolute is really not new. Our colleagues in the world of breast cancer care have known this for years, and a quite standard therapeutic approach to that malignancy involves shifting back and forth between cytotoxic and endocrinologic manipulation, often with some success. The history of prostate cancer management has illustrated quite clearly that hormonal manipulation can be used repeatedly, and often with durable responses. Several published clinical trials have shown the potentially beneficial effects of aminoglutethimide,3,4 ketoconazole,7 estrogens,8 combined 5-5 INCLUDEPICTURE "http://jco.ascopubs.org/math/agr.gif" \* MERGEFORMATINET 


 reductase inhibitors, peripheral receptor blockers,9 and even surgical removal of the adrenals, testes, or pituitary gland after initial failure of castration.10 In the past, this has been explained by a range of mechanisms (Table 1). In a study of aminoglutethimide in the 1980s, we demonstrated that low circulating gonadotrophins after surgical castration had some predictive value for a response to adrenal blockade, suggesting extratesticular origins of the remaining androgenic drivers.3 Similarly, Ahmann et al4 showed that fluxes in adrenal hormones, in response to aminoglutethimide, were also associated (in some instances) with predictable responses. In turn, these data supported the concepts arising from earlier studies of surgical adrenalectomy and hypophysectomy. We learn from the past as we design our forays into the future. 
Table 1. Mechanisms of Secondary Hormonal Therapy for Prostate Cancer in Castration-Resistant and Castration-Refractory Disease 

	Primary Hormone Manipulation

	Secondary Therapy

	Potential Mechanism


	


	Surgical castration

	Estrogens

	Residual subcapsular testicular tissue; central feedback; possible direct effect on prostate cancer


	Estrogens

	Surgical castration

	Hormone impact of poor compliance in taking prescribed estrogens overcome by bilateral orchiectomy


	Surgical castration/estrogens

	Surgical adrenalectomy, aminoglutethimide, ketoconazole

	Blockade of adrenal androgen production


	Surgical castration/estrogens

	Surgical hypophysectomy

	Unclear; possible impact on adrenal function


	Surgical castration/estrogens

	Peripheral androgen blockade

	Action at level of androgen receptor function


	LHRH agonists

	Aminoglutethimide, ketoconazole

	Blockade of adrenal androgen production


	LHRH agonists

	Peripheral androgen blockade

	Action at level of androgen receptor function


	Combined androgen blockade

	Discontinuation of peripheral androgen blockade

	Action at level of androgen receptors—possible mutation or possible impact of upregulation of androgen receptors


	Surgical castration/LHRH agonists

	Abiraterone acetate

	Inhibition of CYP17; effect on non-gonadal androgens; interaction with fusion protein unknown



	


Abbreviation: LHRH, luteinizing hormone-releasing hormone.

So what happens now? First, we must continue to extend our molecular studies to elucidate the mechanisms of hormone response and resistance, and to define more suitable targets for cytotoxic design or for the modification of cytotoxic therapy. Second, we need to involve our patients more often in well-designed and relevant clinical trials,11 analogous to what has been achieved for breast cancer. Third, we need to develop an altruistic mechanism, either with the support of the pharmaceutical industry, venture capitalists, and/or government mechanisms to allow the development of potentially useful orphan drugs in the domain of relapsed prostate cancer. Thus, if the perceived market share for a proven useful second-line agent is not sufficiently robust, one of these mechanisms might take over and provide the agent for the population of needful patients at reasonable cost, with vast savings to the community of prostate cancer patients and potentially high bang for the buck. 
Also of importance, we need to help the US Food and Drug Administration and other regulatory agencies to define optimal surrogate end points that translate into real patient benefit—the rhetoric surrounding minor impacts on outcome must be replaced by robust surrogates that translate into prolonged overall survival. Perhaps progression-free or disease-free survival will ultimately predict for sustained overall survival, and maybe a decrease of prostate-specific antigen from 6 to 3 ng/mL will eventually identify the patients who are likely to respond to new therapies. However, on the basis of the available published data and our own experience, this seems to be quite unlikely. 
Our recent data using the assessment of circulating tumor cells have suggested that outcomes in salvage therapy of prostate cancer can be predicted by this technology,12 but this information will have to be validated in randomized, well-designed trials before becoming a routine part of our management lexicon. Until useful surrogates are identified and validated, new agents must show improvements in overall survival and/or major improvement in symptom control for a minimum of 4 to 6 months in randomized clinical trials before we can claim real progress. Rhetoric must be replaced by careful and consistent clinical and translational science, taking advantage of our improved understanding of molecular mechanisms, and of our recognition that well-powered clinical trials, with robust end points, have underwritten most of the true clinical advances in modern oncology. 
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