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Abstract

Prostate cancer is the second leading cause of cancer death in North America men. Moreover, due to its asymptomatic progression, most patients are diagnosed with an advanced stage disease. Initially, most patients respond to treatment but eventually, the majority of them relapse. And even though it is a high incidence disease, there is currently no good treatment for patient with recurrent or advanced disease. Thus, there is an urgent need to understand the underlying mechanisms of prostate cancer in order to identify new treatment targets. This article is an overview of the disease and of the challenges that clinicians face for the treatment of patients with prostate cancer. It also summarizes the new treatments that academic laboratories and biopharmaceutical companies have developed, in order to help save many lives.

Overview of prostate cancer 

The prostate gland

The prostate is a male gland of about the size and shape of a walnut. It is located under the bladder, and its main function is to add important fluids to the semen to help sustain the sperm during ejaculation. This protects the semen against naturally occurring acids located within the vagina (prostate.com). 

Structure of the prostate gland

The prostate gland is composed of epithelial glands, lined by a layer of basal cells, a basement membrane and a fibro muscular stroma (Figure 1).  The glandular epithelium (which gives rise to prostate adenocarcinomas) is composed of three types of cells: basal cells, luminal secretory cells and neuroendocrine cells. The luminal cells secrete the different components of the prostatic fluid, express the androgen receptor (AR), and secrete prostatic specific antigen (PSA) in an androgen-dependent manner. The stroma is composed of fibroblasts, smooth muscle cells, dendritic cells, nerves, and infiltrating mast cells and lymphocytes. Stromal cells are androgen-responsive and produce growth factors, which act in a paracrine fashion on epithelial cells. This stromal-epithelial cross talk is an important regulator of growth, development and hormonal responses of the prostate [1].

Prostate malfunctions 

Many problems can be associated with the prostate, as men get older. Indeed, benign prostatic hyperplasia (BPH) is the most common benign tumor in men older than 60 years old [2]. Benign growth of the prostate gland is accompanied by a significant increase in the proliferation rate of epithelial cells in the hyperplasic acini [3]. This, in turn, leads to the constriction of the prostatic part of the urethra, resulting in problems to urinate. BPH also increases the risk of bladder and kidney infections. Current therapies for the treatment of BPH include alpha-adrenergic blockade or inhibition of the 5-alpha-reductase enzyme, which converts testosterone into its metabolite dihydroxytestosterone (DHT). When these therapy fail, different treatments such as microwave treatment to decrease the prostate volume [4], and transurethral ablation of the prostate (transurethral prostatectomy: TURP) are examined. Although BPH was originally thought to lead to prostate cancer, it is now established that it is not the case. 

Incidence

Prostate cancer is the second leading cause of cancer death among the male population in North America. Indeed, in 2005, about 230,110 men were diagnosed with prostate cancer, and 29,900 died from it in the United States [5]. These incidences are similar to the Canadian ones, since for the same year, about 20,500 Canadian men were diagnosed with the disease while 4,300 died from it (cancer.ca). The survival of patients with prostate cancer is related to the extent of the tumor. Indeed, when the cancer is confined to the prostate gland, a median survival of more than 5 years can be anticipated. Patients with locally advanced cancer are not usually curable, and a substantial fraction will eventually die of their tumor, though median survival may be as long as 5 years. If prostate cancer has spread to distant organs, current therapy will not cure it. Median survival is usually 1 to 3 years, and most such patients will die of prostate cancer. Even in this group of patients, however, indolent clinical courses lasting for many years may be observed. 

Despite an improvement in prostate cancer early diagnosis in the last 20 years, approximately one-third of patients are still diagnosed at a clinically advanced stage [5]. Therefore, metastatic disease presents a continuing therapeutic challenge, and is the most common cause of cancer-related death [6]. Moreover, progression to an androgen-independent state remains the primary cause of mortality in these patients [7]. Unfortunately, there is currently no effective treatment to cure these patients with a late stage disease or a recurrent tumor.
Risk factors

There are some well-established risk factors for prostate cancer, including: ethnic origin (African-American males), aging, oxidative stress, high body mass index, and patients in the highest quartile of IGF-I (insulin growth factor I) blood concentrations [8]. Diet is also a well-studied risk factor for prostate cancer. Indeed, while dietary vitamin E, carotenoids, and selenium protect against the disease, a diet rich in saturated fat, red meats, and dairy products exerts a promotional effect [9]. Vitamin D-deficient men and men with high levels of testosterone and dihydroxytestosterone (the active metabolite of testosterone) also have a higher risk of developing prostate cancer. Familial history is also important in this disease. Indeed, familial prostate cancer susceptibility loci have been found on chromosomes 1, 3, 8, 17, 20, and X. For example, a locus on chromosome 3p24 is associated with a lod score of 3.08 in Finland families [10]. The environment also plays an important role in the aetiology of prostate cancer. Indeed, the incidence of prostate cancer has risen from 5 to 118% in Asian countries.  Thus, with their gradual westernisation, many Asian countries are losing their environmental protective factors such as the consumption of high amounts of isoflavonoids, tea polyphenols, and a low-fat diet, to acquire high-risk ones like obesity and a high red meats content diet [11]. On the other hand, some putative risk factors such as alcohol consumption, vasectomy, and marital status have been excluded. However, it is still uncertain if physical activity and cigarette smoking can increase the risk of developing prostate cancer [9].

Diagnosis 

Prostate cancer is usually diagnosed upon palpation by putting a finger in the rectum, and assessing the volume and the texture of the prostate. It can also be diagnosed by dosage of the PSA protein in the patient’s blood. PSA has been identified in 1979, and is the most useful biomarker for monitoring prostate cancer, as its concentration follows the clinical stage of the disease [12]. Indeed, the blood PSA levels drop according to the patient’s treatment response, and it rises if the cancer reoccurs. Thus, PSA is a very good biomarker to monitor disease progression and treatment response. However, it is not very sensitive for the early detection of prostate cancer. The screening for early-stage disease is logical, but costly. Moreover, the utility of prostate cancer screening is limited by the inability of conventional diagnostic and histologic parameters to predict accurately the true extent and prognosis of most clinically localized cancers. This limitation is due to the subjectivity of current grading and staging systems [13]. There is thus a critical need for new markers that will distinguish accurately those histologic lesions and disseminated cells that have a high probability of causing clinically important metastatic disease, from those who will remain indolent. The discovery of a new blood marker for the early detection of prostate cancer is one of the biggest challenges undertaken by research laboratories and pharmaceutical companies working in this field. The improvement of the early diagnosis for prostate cancer could probably save many useless biopsies performed on patients with a benign disease, and may also decrease the proportion of patients diagnosed at an advanced stage. 

Histological and clinical staging 

Prostate cancer is hard to stage because of its cellular heterogeneity. In humans, heterogeneity is a common phenomenon that includes different histological grades among different tumor foci and different genotypes among phenotypically similar foci in one primary tumor [14]. The Gleason score system is still the most frequently used grading system for prostate cancer [15]. Unusually, the overall grade is not based on the highest grade within the tumor, but on an intermediate between the most predominant pattern of cancer and the second most prevalent one. These patterns are graded from 1 (most differentiated) to 5 (least differentiated), and the two grades are added. If a tumor has only one histological pattern, the primary and secondary scores are the same. The combined Gleason scores (called the Gleason sum) range from 2 (for tumors uniformly of grade 1) to 10 (for undifferentiated grade 5 tumors). However, the Gleason score system has some important difficulties with inter-observer reproducibility. Nonetheless, the Gleason score is a powerful prognostic indicator. Indeed, it correlates with all important pathological variables seen in the radical prostatectomy sample, with the prognosis after surgery, and with the outcome after radiotherapy [16]; [17]; [18]. For predicting the outcome, the following combinations are very helpful: score 2-4 (well differentiated), 5-6 (moderately differentiated), 7 (moderately to poorly differentiated) and 8-10 (poorly differentiated). The Gleason score grade also has an influence on the treatment given to patients [19].  Indeed, clinicians use this grading system to predict the probability of tumor extension outside of the prostate [20].  

The TNM tumor staging is a standardized system for classifying the extent of the disease in order to compare therapeutic intervention and to estimate the outcome. The “T” (T1 to T4) describes the tumor topography and is characterized by the size of the tumor at its primary site and/or the involvement of local structures. The “N” (N1 to N3) evaluates the presence and extent of regional lymph nodes involvement, while the “M” (M1 and M2) indicates the spread of the tumor by documenting evidence of distant metastases [21].  After modifications of the TNM staging system in 1992 and 1997, clinicians found that it could still predict progression-free survival after radical prostatectomy [22].  However, some controversies and suggestions for additional modifications were proposed [23]; [24]. Moreover, by conducting a study with 12 prostate cancer cases to assess the reproducibility of TNM staging system among 20 physicians with special expertise, a study has shown that the overall staging reproducibility is less than 80% of consensus [25].  Furthermore, they have shown that the levels of PSA seem to be even more indicative of the extent of prostate cancer than the current clinical staging. Thus, whether the clinical TNM staging system reveals the true biological significance of prostate cancer is still questionable [25].

Clinico-pathology 

Prostate cancer is a multiple stage disease (Figure 2) that often originates from prostatic intraepithelial neoplasia (PIN), which is characterized by architecturally benign prostatic acini lined by cells that seem to be malignant [19]. PIN can lead to localized prostate cancer, where cancer cells are confined into the prostate capsule and still androgen-dependent. Unfortunately, prostate cancer often become more aggressive (advanced prostate cancer) as it metastasizes to adjacent, and remote tissues to form new foci of cancer cells in regional lymph nodes, bones and sometimes lungs and liver. At this stage, hormonal therapy to reduce the level of dihydrotestosterone is used to slow down the progression of the disease. However, it is mostly genetic changes that are associated with the progression of the disease and it is likely the accumulation of these changes, rather than their specific order that transform a normal cell into a tumorigenic one.

Although the number of men presenting with metastatic prostate cancer has decreased significantly over the last several years, the death rate for those men is essentially unchanged. To alter the currently inevitable progression of hormone refractory prostate cancer to death, there is an urgent need for the biopharmaceutical industry to identify new targets and new therapies [26]. 

Androgen independence

In normal conditions, androgens regulate the development and the homeostasis of the prostate gland. Indeed, they act on prostatic epithelial cells by binding to an intracellular protein (the androgen receptor) that binds both testosterone and dihydroxytestosterone. Upon binding, the receptor dimerizes and stimulates the proliferation of prostate cells [27]; [28]; [29]; [30]. In early stage prostate cancer patients, the primary treatment given aims at depleting the tumor from its necessary androgens. This androgen-ablation therapy initially slows down the proliferation of the prostate cancer cells. However, too often, some tumors cells circumvent the androgen depletion and become androgen-independent. By increasing their sensitivity to very low amounts of androgens, by up regulating the expression of their androgen receptor, or by amplifying the androgen receptor gene, the prostate cancer cells bypass the androgen depletion treatment. Moreover, prostate cancer cells can increase the local production of androgens to compensate for the overall decline. They can also increase the amount of receptor in the nucleus, or change its specificity, allowing it to be activated by other ligands than androgens (such as by epidermal growth factor, EGF). This small proportion of cells survives and grows to form a recurrent tumor, which is the cause of most prostate cancer deaths.

Metastasis

The metastatic cascade

Metastasis is defined as the formation of progressively growing secondary tumor foci at sites discontinuous from the primary lesion. In the past, extravasation and survival at the metastatic site were thought to be inefficient processes as only 0.1% of injected cells in an animal model went into secondary organs to form tumor foci [31]. The main factors that could explain why these processes are inefficient is the low survival rate of cells shed in the circulation, and the low percentage of them that can escape from blood vessels [32]. While disseminated cells are likely to be present in numerous organs, only certain environments appear to allow their survival and subsequent growth [33]. However, a recent study showed that extravasation and survival at the metastatic site were relatively efficient processes [34]. Thus, metastasizing cells growth at the secondary site appears to be the limiting step in the metastatic process.

The formation of a primary tumor requires a cadre of molecular and cellular alterations that enable a cell to circumvent normal growth control mechanisms as well as to manipulate its local environment [35].  One of these changes is the development of blood supply that allows tumor cells to be nourished (angiogenesis) [36]. The development of clinically significant metastases requires that a cancer cell complete a series of well-defined steps, generally referred to as the metastatic cascade (Figure 2). Acquisition of invasive abilities involves the loss of adhesion molecules, and the initiation of motility, which culminates in the shedding of cells into the blood circulation either directly or via the lymphatics [37].  Beyond this step, the survival of cancer cells in the blood stream, their arrest at a distant organ, and initial extravasation were recently found to be efficient processes [34].  At the secondary site, cells are arrested by binding to specific molecules in particular organs or tissues [6]; [38].  They then leave the blood stream and enter the secondary organ. They can thus form a clinically detectable metastatic focus in this organ, if they can develop sufficient blood supply to survive.  

Bone metastases

To explain the homing of cancer cells to specific organs, Ewing proposed in 1928 the haemodynamic theory. This states that the development of metastases in a given organ is dependent on the blood volume flowing into that organ [39]. Unfortunately, this cannot be applied to bones since they do not have a high blood flow in the red marrow.  However, it is now accepted that prostate cancer cells possess inherent capacities, which not only direct them to bones, but also enable them to survive, proliferate, and colonize bones [40]. Bones have several unique features in their morphological structure and cellularity. Indeed, they have a hard calcified matrix, which shows relatively low cellularity and metabolic activity. This matrix acts as storage for a variety of factors, such as osteoblast-derived growth factors, which may serve as essential nutrients for cancer cells that have metastasized to bones [40]. These growth factors are constantly released into the bone marrow cavity. Thus, bones are thought to attract prostate cancer cells and to provide a fertile microenvironment that facilitates its colonisation by metastatic cancer cells [40].  Bones are a target organ for both breast and prostate cancer metastases, which validates the “seed and soil” theory proposed by Paget more than a century ago [41]. This theory states that prostate cancer cells (the “seeds”) need to encounter a fertile microenvironment (the “soil”) to grow and develop metastases.  

There are two patterns by which cancer cells can affect bones: osteolytic (bone resorption by breast cancer cells) and osteoblastic (bone formation by prostate cancer cells). Prostate cancer cells themselves often produce certain factors that stimulate osteoblastic bone formation. Moreover, some other factors regulate osteoblast function by activating signalling pathways involved in the regulation of osteoblast proliferation and differentiation. Primary prostate cancer grows at a relatively slow rate. However, once it is spread to bones, its growth is accelerated, suggesting that the bone microenvironment provides proliferation-stimulating factors for metastatic prostate cancer cells.  

Treatments

When detected early enough, choices have to be made in order to treat organ-confined prostate cancer.  Here is a list of possible treatments:  watchful waiting; early, deferred, intermittent, or sequential androgen suppression; external or conformal external beam radiotherapy; iodine or palladium seed brachytherapy; high dose rate brachytherapy; radical retropubic, perineal or laparoscopic prostatectomy; cryotherapy [42]. However, there is currently no efficient treatment to cure patients with recurrent or androgen-independent tumors. In the last decade, the biopharmaceutical industry has developed a very encouraging generation of treatments that could help the patients with advanced prostate cancer. Those are, for example; chemotherapy combinations; biphosphonates (for bones metastases); calcitriol; antibodies against PSMA; bortezomib; thalidomide; immunotherapy; cancer vaccines; BCL2 antisense; high intensity focused ultrasound therapy; and inhibition and/or blockade of growth factor receptor or growth factor receptor pathways [26]. It is still too early to definitively say if any of these treatments will really improve our ability to treat patients with recurrent or androgen-independent prostate cancer, or if one of them will help improve the survival of these patients.  Nonetheless, it is crucial that academic research laboratories and pharmaceutical companies pursue their quest to identifying new treatments, and therapy targets to improve the survival and, ultimately save the life of these patients.

Economy

Experts agree that a sustained annual growth of more than 3.4% in sales of prostate cancer therapies from 2005 to 2015 will be driven primarily by new entries to the market that will add to, rather than replace, existing therapies. Indeed, a massive growth for minimally invasive prostate cancer devices and treatments is expected. The rapidly aging of the population will certainly increase the need for treatment, since over 75% percent of cases are diagnosed in men over the age of 65. Presently, the average age at the time of diagnosis is 70 and the disease if extremely rare in men under 40. According to Decision Resources, Inc., the success of Sanofi-Aventis's Taxotere (docetaxel) in the treatment of hormone-refractory metastatic prostate cancer has fueled drug developers' interest in novel agents to treat this poor-prognosis population. As a result, other pharmaceutical companies are expected to shortly launch several novel drug classes for prostate cancer treatment including vaccines, vascular endothelial growth factor (VEGF) inhibitors, and vitamin D analogues. Novel agents with proven benefit have huge potential and could add an impressive $1.5 billion in annual sales to this underserved market.

Summary

Since the discovery of the prostate specific antigen (PSA) biomarker in 1979, very little progress has been done for the diagnosis of prostate cancer. Indeed, no other clinically useful diagnostic and/or disease progression marker have been identified. Thankfully, more development has been done toward the treatment of this disease. In fact, in clinical trials, certain combinations of chemotherapeutics agents, biphosphonates, and immunotherapies have been shown to improve the survival of prostate cancer patients. This is very encouraging for patients and clinicians since the next decade could provide them with new useful treatments for this very poor prognosis disease.
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