PROSTATE CANCER 

Anatomy 

Location:

· The prostate lies below the bladder and encompasses the prostatic urethra. 
· It is surrounded by a capsule and is separated from the rectum by a layer of fascia termed the Denonvilliers aponeurosis
· It comprises the most proximal aspect of the urethra. 
· Anatomically it resides in the true pelvis, separated from the pubic symphysis anteriorly by the retropubic space (space of Retzius). 
· The posterior surface of the prostate is separated from the rectal ampulla by Denonvilliers' fascia. 
· The base of the prostate is continuous with the bladder neck, and the apex of the prostate rests on the upper surface of the urogenital diaphragm. 
· Laterally, the prostate is related to the levator ani musculature. 
· The neurovascular bundle lies on either side of the prostate on the rectum. 
· It is derived from the pelvic plexus and is important for erectile function.
Blood supply:

· Its arterial blood supply is derived from branches of the internal iliac artery (inferior vesical and middle rectal arteries). 
· Venous drainage is via the dorsal venous complex, which receives the deep dorsal vein of the penis and vesical branches before draining into the internal iliac veins. 
· Innervation is from the pelvic plexus. 
Size:

· The normal prostate measures 3-4 cm at the base, 4-6 cm in cephalocaudad, and 2-3 cm in anteroposterior dimensions.
· McNeal has popularized the concept of zonal anatomy of the prostate. 
· Three distinct zones have been identified 
· The peripheral zone accounts for 70% of the volume of the young adult prostate, the central zone accounts for 25%, and the transition zone accounts for 5%. 
· These anatomic zones have distinct ductal systems but, more important, are differentially afflicted with neoplastic processes. 
· Sixty to 70 percent of carcinomas of the prostate (CaP) originate in the peripheral zone, 10-20% in the transition zone, and 5-10% in the central zone 
· Benign prostatic hyperplasia uniformly originates in the transition zone

Definition 
· Prostate cancer is second only to lung cancer as a cause of cancer mortality in men
· Among males, no cancer is more prevalent than prostate cancer

· Although many older men who are found to have prostate cancer do not die of prostate cancer, many require treatment of symptoms such as pain, bleeding, and urinary obstruction.
Epidemiology

· Lung and bronchial cancer account for 37% of cancer-related death in males; prostate and colon cancers account for another 10% each.
· 1 in 6 men will have prostate cancer in their lifetime
· 1 in 32 men will die of this disease

· In the modern era, most patients present because of abnormalities in a screening PSA level or findings on digital rectal examination (DRE) rather than because of symptoms

· Prevalence rates of prostate cancer remain significantly higher in African American men than in white men, while the prevalence in Hispanic men is similar to that of white men. 
· Hispanic men and African American men present with more advanced disease, most likely related to external (e.g., income, education, insurance status) and cultural factors. 

· In addition, African American men generally have higher levels of testosterone, which may contribute to the higher incidence of carcinoma
· The prevalence of clinical cancer varies by region, and these differences may be due to some of the genetic, hormonal, and dietary factors 

· High rates are reported in northern Europe and North America, intermediate rates are reported in southern Europe and Central and South America, and low rates are reported in Eastern Europe and Asia

Etiology 
Genetics

· Gene alterations on chromosome 1, 17, and the X chromosome have been found in some patients with a family history of prostate cancer. 
· The hereditary prostate cancer 1 (HPC1) gene and the predisposing for cancer of the prostate (PCAP) gene are on chromosome 1, while the human prostate cancer gene is on the X chromosome. 
· In addition, genetic studies suggest that a strong familial predisposition may be responsible for as many as 5-10% of prostate cancer cases. 
· Recently, several reports have suggested a shared familial risk (inherited or environmental) for prostate and breast cancer. 
· Men with a family history of prostate cancer have a higher risk of developing prostate cancer and are also likely to present 6-7 years earlier
· The risk of prostate cancer is also increased in men with a first-degree female relative with breast or ovarian carcinoma
Race

· African American men have a higher prevalence and more aggressive prostate cancer than white men, who, in turn, have a higher prevalence than men of Asian origin. 

· Studies have found that young African American men have testosterone levels that are 15% higher than in young white men. 

· Furthermore, evidence indicates that 5-alpha reductase may be more active in African Americans than in whites, implying that hormonal differences may play a role.

Diet

· A high-fat diet may lead to increased risks, while a diet rich in soy may be protective.

· Cell culture studies have shown that omega-6 fatty acids are positive stimulants of prostate cancer cell growth, while omega-3 fatty acids are negative stimuli. 

· These fats may exert their effects by alterations of sex hormones or growth factors or through effects on 5-alpha reductase

· Vitamin E may have some protective effects because it is an antioxidant. 

· Decreased levels of vitamin A may be a risk factor because this can promote cell differentiation and stimulate the immune system. 

· Vitamin D deficiency was suggested as a risk factor

· Selenium may have a protective effect based on epidemiologic studies and is also believed to extend its effect via its antioxidant properties

Hormones

· Hormonal causes have also been postulated. 

· Androgen ablation causes a regression of prostate cancer

· In addition, as indirect evidence of hormonal causes, eunuchs do not develop adenocarcinoma of the prostate
· Androgens are clearly important in prostate cancer. 

· Men who are hypogonadal rarely, if ever, develop prostate cancer. 
· There are data indicating that polymorphisms in both androgen receptor structure as well as the androgen-metabolizing enzyme, 5-alpha reductase, confer increased risk of prostate cancer. 

· Certain polymorphisms in these moieties can enhance androgen effects on target cells, and this may contribute to enhanced prostate cancer risk
Age
· The single greatest risk factor for the development of prostate cancer is age. 

· The incidence of prostate cancer increases exponentially with age
Others

· Another exposure that may increase the risk for CaP involves cadmium, which is found in cigarette smoke, alkaline batteries, and in the welding industry.

· Previous vasectomy has been suggested as a factor that heightens the risk for CaP, but these data are controversial

Pathology 
· The majority of prostatic cancers are adenocarcinomas. 
· Over 95% of the cancers of the prostate are adenocarcinomas. 
· Of the other 5%, 90% are transitional cell carcinomas, and the remaining cancers are neuroendocrine ("small cell") carcinomas or sarcomas.
· Of prostate cancer cases, 70% arise in the peripheral zone, 15-20% arise in the central zone, and 10-15% arise in the transitional zone. 
· Most prostate cancers are multifocal, with synchronous involvement of multiple zones of the prostate, which may be due to clonal and nonclonal tumors.
· The likelihood of both local invasion and metastases is greater in larger or less well differentiated cancers. 

· Small and well-differentiated cancers (grades 1 and 2) are usually confined within the prostate, whereas large-volume (> 4 mL) or poorly differentiated (grades 4 and 5) cancers are more commonly locally extensive or metastatic to regional lymph nodes or bone. 
· Penetration of the prostatic capsule by cancer is common and often occurs along perineural spaces. 
· Seminal vesicle invasion is associated with a high likelihood of regional or distant disease. 
· Lymphatic metastases are most often identified in the obturator lymph node chain. 
· The axial skeleton is the most common site of distant metastases.
Pathophysiology

· Prostate cancer develops when the rates of cell division and cell death are no longer equal, leading to uncontrolled tumor growth. 

· Following the initial transformation event, further mutations of a multitude of genes, including the genes for p53 and retinoblastoma, can lead to tumor progression and metastasis. 

· Most (95%) prostate cancers are adenocarcinomas

· Approximately 4% of cases of prostate cancer have transitional cell morphology and are thought to arise from the urothelial lining of the prostatic urethra. 
· Few cases have neuroendocrine morphology. 
· When present, they are believed to arise from the neuroendocrine stem cells normally present in the prostate or from aberrant differentiation programs during cell transformation

· Evidence suggests that most prostate cancers are multifocal and heterogeneous. 

· Cancers can start in the transitional zone or, more commonly, the peripheral zone. 

· When these cancers are locally invasive, the transitional-zone tumors spread to the bladder neck, while the peripheral-zone tumors extend into the ejaculatory ducts and seminal vesicles. 

· Penetration through the prostatic capsule and along the perineural or vascular spaces occurs relatively late

· The mechanism for distant metastasis is poorly understood. 
· The cancer spreads to bone early, occasionally without significant lymphadenopathy. 
· Currently, 2 predominant theories have been proposed for spread—the mechanical theory and the seed-and-soil theory.

· The mechanical theory involves direct spread through the lymphatics and venous spaces into the lower lumbar spine. 

· Advocates of the seed-and-soil theory believe that tissue factors that allow for preferential growth in certain tissues, such as the bone, must be present. 
· Lung, liver, and adrenal metastases have also been documented. 
· Specific tissue growth factors and extracellular matrices are possible examples.

· The doubling time in early-stage disease is as slow as 2-4 years, but this changes as the tumor grows and becomes more aggressive. 
· Larger tumors usually have a higher Gleason grade and a faster doubling time.

Clinical features
History
· In the pre-PSA era, patients with prostate cancer commonly presented with local symptoms. 
· Urinary retention developed in 20-25% of these patients, back or leg pain developed in 20-40%, and hematuria developed in 10-15%. 
· Currently, with PSA screening, patients report urinary frequency (38%), decreased urine stream (23%), urinary urgency (10%), and hematuria (1.4%). 
· However, none of these symptoms is unique to prostate cancer and each could arise from various other ailments. 
· Forty-seven percent of patients are asymptomatic
· Most patients with early-stage CaP are asymptomatic. 

· The presence of symptoms often suggests locally advanced or metastatic disease. 

· However, large or locally extensive prostatic cancers can cause obstructive voiding symptoms. 
· Obstructive or irritative voiding complaints can result from local growth of the tumor into the urethra or bladder neck or from its direct extension into the trigone of the bladder. 

· Obstructive voiding symptoms are most often due to benign prostatic hyperplasia, which occurs in the same age group. 

· Metastatic disease to the bones may cause bone pain. 

· Metastatic disease to the vertebral column with impingement on the spinal cord may be associated with symptoms of cord compression, including paresthesias and weakness of the lower extremities and urinary or fecal incontinence.

· Metastatic symptoms include weight loss and loss of appetite; bone pain, with or without pathologic fracture (because prostate cancer, when metastatic, has a strong predilection for bone); and lower extremity pain and edema due to obstruction of venous and lymphatic tributaries by nodal metastasis. 
· Uremic symptoms can occur from ureteral obstruction caused by local prostate growth or retroperitoneal adenopathy secondary to nodal metastasis
Physical examination
· Rarely, patients present with signs of urinary retention (palpable bladder) or neurologic symptoms as a result of epidural metastases and cord compression. 

· Cancer cachexia

· A physical examination, including a DRE is needed. 
· A nodule is important, but findings such as asymmetry, difference in texture, and bogginess are important clues to the patient's condition and should be considered in conjunction with the PSA level. 

· Change in texture over time can offer important clues about the need for intervention. 

· Cysts or stones cannot be accurately differentiated from cancer based on DRE findings alone; therefore, maintain a high index of suspicion if the DRE results are abnormal. 

· In addition, if cancer is detected, the DRE findings form the basis of clinical staging of the primary tumor (i.e. tumor [T] stage in the tumor node metastases [TNM] staging system). 

· In current practice, the DRE results are normal but the PSA readings are abnormal in most patients diagnosed with prostate cancer

· Prostate cancer may be manifested as focal nodules or areas of induration within the prostate at the time of digital rectal examination.

· Induration, if detected, must alert the physician to the possibility of cancer and the need for further evaluation (i.e. PSA, TRUS, and biopsy). 
· Locally advanced disease with bulky regional lymphadenopathy may lead to lymphedema of the lower extremities. 

· Lymph node metastases can lead to lower extremity lymphedema. 

· Specific signs of cord compression relate to the level of the compression and may include weakness or spasticity of the lower extremities and a hyperreflexic bulbocavernosus reflex.

· As the axial skeleton is the most common site of metastases, patients may present with back pain or pathologic fractures.

· Lower extremity deep venous thrombosis
Investigations 

Laboratory:

Prostate-specific antigen

· PSA is a single-chain glycoprotein that has chymotrypsinlike properties. 
· PSA slowly hydrolyzes peptide bonds, thereby liquifying semen. 
· The upper limit of normal for PSA is 4 ng/mL. 
· Some advocate age-related cutoffs, such as 2.5 ng/mL for the fifth decade of life, 3.5 ng/mL for the sixth decade of life, and 4.5 ng/mL for the seventh decade of life.
· PSA levels may reflect abnormalities in the prostate that are benign, for example, hypertrophy, infection, or infarction.

· Approximately 18-30% of men with intermediate degrees of elevation (4.1-10ng/mL; normal < 4ng/mL) will be found to have prostatic cancer. 
· Between 50% and 70% of those with elevations greater than 10 ng/mL will have prostatic cancer
· The measurement of bound and free PSA is a recent development that can help to differentiate mildly elevated PSA levels due to cancer from elevated levels due to benign prostatic hyperplasia. 
· The lower the ratio of free-to-total PSA, the higher the likelihood of cancer. 
· Free PSA is reported as a percentage
· For example, among men with greater than 25% free PSA, only 8% are found to have cancer at prostate biopsy. In contrast, more than half of men with less than 10% free PSA are found to have cancer at biopsy.
· Men who choose to undergo screening should begin at age 50 years. 
· Men in high-risk groups, such as African Americans and those with a strong familial predisposition (2 or more affected first-degree relatives), should begin screening at a younger age (40-45 y).
Histology

· Perform a biopsy to aid in diagnosis and determine the Gleason score. 

· Antibiotics are administered, and an enema is often provided before the procedure, followed by a short course of antibiotics after the biopsy
Others

· Patients in urinary retention or those with ureteral obstruction due to locally or regionally advanced prostatic cancers may present with elevations in serum urea nitrogen or creatinine.

· Patients with bony metastases may have elevations in alkaline phosphatase or hypercalcemia. 

· Laboratory and clinical evidence of disseminated intravascular coagulation can occur in patients with advanced prostatic cancers.

· In all cases, the diagnosis of prostate cancer should be established by biopsy
· Once the diagnosis of prostate cancer has been established, a limited staging evaluation, typically consisting of a bone scan and routine laboratory studies, is often performed
· Molecular Staging: Molecular staging refers to the detection of circulating prostate cells in the peripheral blood of men with CaP.
Imaging

Transrectal ultrasonography

· TRUS is useful in performing prostatic biopsies and in providing some useful local staging information if cancer is detected. 
· Almost all prostate needle biopsies are performed under TRUS guidance.
· Modern transrectal ultrasound instrumentation provides high-definition images of the prostate.

· TRUS is used to examine the prostate for hypoechoic areas, which are commonly associated with cancers but are not specific enough for diagnostic purposes
Endorectal magnetic resonance imaging
· The reported staging accuracy of endorectal coil magnetic resonance imaging (MRI) varies from 51% to 92%. 
· While rendering high image quality, the endorectal coil

Axial imaging (CT, MRI)
· Cross-sectional imaging of the pelvis in patients with CaP is selectively performed to exclude lymph node metastases in high-risk patients who are thought to be candidates for definitive local therapy, whether it be surgery or irradiation. 
· Both MRI and computed tomography (CT) are used for this purpose.

Bone scan
· When prostate cancer metastasizes, it most commonly does so to the bone

Differential Diagnosis
· Not all patients with an elevated PSA concentration have CaP. 

· Other factors that elevate serum PSA include BPH, urethral instrumentation, infection, prostatic infarction, or vigorous prostate massage. 

· Induration of the prostate is associated not only with CaP, but also with chronic granulomatous prostatitis, previous TURP or needle biopsy, or prostatic calculi. 

· Sclerotic lesions on plain x-ray films and elevated levels of alkaline phosphatase can be seen in Paget disease and can often be difficult to distinguish from metastatic CaP. 

· In Paget disease, PSA levels are usually normal and x-ray findings demonstrate subperiosteal cortical thickening.
Staging
TNM staging system for prostate cancer

T: Primary tumor 

TX:  Cannot be assessed 
T0:  No evidence of primary tumor 
Tis:  Carcinoma in situ (CIS) 

T1a:  Carcinoma in 5% or less of tissue resected; normal DRE 
T1b:  Carcinoma in more than 5% of tissue resected; normal DRE 
T1c:  Detected from elevated PSA alone; normal DRE 
T2a: Tumor in one lobe 
T2b: Tumor in both lobes 
T3a: Extracapsular extension 
T3b: Seminal vesicle involvement 
T4:   Adjacent organ involvement
N: Regional lymph nodes 

Nx:  Cannot be assessed 
N0:  No regional lymph node metastasis 
N1:   Metastasis in one or more regional lymph nodes 
M: Distant metastasis 

Mx: Cannot be assessed 
M0: No distant metastasis 
M1: Distant metastasis present

Grading 
· The most commonly used system of classifying histologic characteristics of prostate cancer is the Gleason score, which is determined using the glandular architecture within the tumor.
· The predominant pattern and the second most common pattern are given grades from 1-5. 
· The sum of these 2 grades is referred to as the Gleason score
· Grades are based on the extent to which the epithelium assumes a normal glandular structure. 
· A grade of 1 indicates a near-normal pattern, and grade 5 indicates the absence of any glandular pattern (less malignant to more malignant).
· A score of 2-4 is considered low grade or well differentiated. 

· A score of 5-7 is considered moderate grade or moderately differentiated. 

· A score of 8-10 is considered high grade or poorly differentiated

· Historically, tumors having a Gleason sum of 7 have sometimes been grouped with the moderately differentiated tumors and at other times with the poorly differentiated tumors.

· Primary Gleason grade is perhaps the most important with respect to placing patients in prognostic groups. 

· This is most important in assessing patients with a Gleason sum of 7. 

· Patients with a Gleason sum of 7 who have a primary Gleason grade of 4 (4 + 3) tend to have a worse prognosis than those who have a primary Gleason grade of 3 (3 + 4)
· Prostatic intraepithelial neoplasia (PIN) represents the putative precancerous end of the morphologic continuum of cellular proliferations within prostatic ducts, ductules, and acini
· Two grades of PIN are identified. 
· Low-grade PIN is mild dysplasia. 
· High-grade PIN encompasses moderate and severe dysplasia. 
· High-grade PIN is considered by most to be a precursor of invasive carcinoma. 
· Men with high-grade PIN alone can be started on finasteride and monitored closely
· Clinical studies suggest that PIN predates a carcinoma by 10 or more years.
Treatment 
· In general, patients can be grouped into three categories: 
1) Those with organ-confined disease 
2) Those with regionally advanced disease; 
3) Those with metastatic disease.

Organ-Confined Disease
· This category is composed of patients with localized prostate cancer 

· The two definitive therapeutic modalities that have been utilized to treat this disease are radical prostatectomy and irradiation.
· The three standard therapeutic approaches for men with early stage (organ-confined) prostate cancer are radical prostatectomy (RP), RT (external beam RT [EBRT], brachytherapy, or both), and active surveillance for carefully selected men. 
· Options with selective or evolving indications include primary androgen deprivation therapy (ADT) and cryotherapy
Regionally Advanced Disease
· These patients have cancer that is no longer confined to the prostate gland but has not spread to the soft tissue structures or lymph nodes in the pelvis

· Patients with clinical T3 tumors have 5-year survival of 64% to 72% following radical prostatectomy, external beam radiotherapy, or hormonal therapy, and 10-year survival of 29% to 47%. 

· Adjunctive Androgen Deprivation (usually GnRHa  antiandrogen) in conjunction with irradiation and surgery for localized disease.

Metastatic Disease

· Male hormones (testosterone, androgens) are critical to growth of prostate cancer

· Hormonal therapy is 1st line therapy
· Hormonal Therapy Options
· Orchiectomy (Surgical Castration)- surgical removal of the testes which produce 95% of the body’s testosterone

· Medical Castration (LHRH analogs)- prevents testosterone production by the testes

· Antiandrogens- block the action of testosterone on the prostate (5% androgens produced by adrenal gland)
· Metastatic prostate cancer is a significant cause of morbidity and mortality in the elderly male population
· Hormonal therapy of patients with metastatic prostate cancer is one of the most effective therapies available for the treatment of disseminated malignancy.

· ADT (androgen deprivation therapy) had been utilized with great palliative benefit in patients with disseminated prostate cancer. 
· ADT can be accomplished by removing the testicles (bilateral orchiectomy), which produce the majority of the body's androgens, or by medical means.
· Response rates of 80% to 90% are reported with each of the currently available therapies: estrogens, orchiectomy, and the LHRHa Diethylstilbestrol (DES) is the primary estrogen used in the therapy of prostate cancer. 
· This agent is clearly effective in treating metastatic prostate cancer; clinical responses following DES occur as often as with orchiectomy.

· Orchiectomy is the "gold standard" for ADT, particularly for men at high risk for complications as indicated by extensive bony involvement, obstructive uropathy, or cord compression.
· The available drugs fall into one of the following categories: 
· Continuous therapy with gonadotropin releasing hormone (GnRH) agonists, such as leuprolide and goserelin reduces LH production, and therefore, production of testicular androgens.
· Because these drugs act as agonists, there is an initial brief surge of LH (and therefore serum testosterone), which may be hazardous in some clinical circumstances, such as an impending epidural spinal cord compression. 
· The temporary addition of an antiandrogen (combined androgen blockade) can overcome this "flare" phenomenon.
· The flare phenomenon can also be avoided through the use of pure GnRH antagonists, which immediately suppresses androgen production without the initial testosterone surge that occurs with GnRH agonists.
· Estrogen therapy reduces LH production by its inhibitory effect on the hypothalamic/pituitary axis
Prevention

· Early Detection/Screening

· Consider annual PSA screening for men (ACS, NCCN, AUA, ACR)

· >50 yr with estimated survival >10 yrs

· >40 yr with family history or black men
