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S ince widespread prostate cancer screening was 
introduced in the United States in the late 1980s 
and early 1990s, the incidence of prostate can-
cer has increased dramatically. Prostate cancer 

is now the most commonly diagnosed cancer in US 
men after skin cancer.1 Due to screening efforts, the 
vast majority of newly diagnosed prostate cancers are 
found early, while still confined to the prostate gland. 
Although early diagnosis leads to the possibility of 
curative therapy for most patients, optimal treatment, 
indeed the need for treatment altogether, remains sub-
ject to debate. Using the case of a primary care clinic 
patient who has prostate cancer diagnosed via screen-
ing as a guide, this article reviews the controversies in 
screening for localized prostate cancer as well as in its 
diagnosis and treatment. Given the ubiquity of prostate 
cancer in the US population and the tens of thousands 
of patients diagnosed with localized disease each year, 
all physicians should familiarize themselves with these 
issues and the trends in the field.

PSA Screening

Case Presentation

A 65-year-old white man, LG, presents to his primary care 
physician for his yearly physical examination. Physically active 
and a nonsmoker, he has no medical problems and no signifi-
cant family history of cancer. He reports experiencing noctu-
ria twice per night, but has no increased urinary frequency, 
hesitancy, or dysuria. A routine screening test reveals a serum 
prostate-specific antigen (PSA) level of 2.8 ng/mL. In the prior 
year, his PSA level was 0.7 ng/mL. Because of this significant 
change, a repeat PSA test is performed 4 weeks later, which is 
reported as 2.7 ng/mL. Physical examination, including a digital 
rectal examination (DRE), is unremarkable.

Most prostate cancer diagnoses in the United States 
are made via PSA screening. Following the introduc-
tion of PSA screening, the incidence of prostate cancer 
has risen significantly. For example, prostate cancer in-
cidence in the United States in 1985, before widespread 
screening, was 86,000 cases per year,2 while in 2007, 

well into the PSA era, the incidence was 218,890 cases 
per year.1 Prostate cancer is the second most common 
cancer among men in the United States after nonmela-
noma skin cancer, and it is the third leading cause of 
cancer-related death.1 While the incidence of prostate 
cancer has increased, there has been a decrease in pros-
tate cancer–specific mortality since the establishment of 
widespread PSA screening.3 Screening is presumed to 
be at least partly responsible for this decline, although 
this remains controversial. Observational studies in 
Europe and the United States that have compared the 
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TAKE HOME POINTS

•	 Although survival benefit has not yet been proven, 
screening for prostate cancer with the prostate- 
specific antigen (PSA) test in men older than  
50 years is recommended by the American Cancer 
Society and American Urologic Association. Discus-
sion of the potential harms and benefits of PSA 
screening is important in any conversation with all 
appropriate patients.

•	 Further work is needed to refine the PSA param-
eters and/or other biomarkers that identify high-
risk tumors more accurately.

•	 Curative approaches for treating localized prostate 
cancer include radical prostatectomy and radiation 
therapy.

•	 The primary side effects of surgical and radiation-
based treatments include erectile dysfunction and 
urinary incontinence.

•	 Active surveillance is a reasonable option for many 
men with low-grade localized prostate cancer.
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pre– and post–PSA testing eras estimated that screen-
ing has accounted for a threefold decline in prostate 
cancer–associated mortality.4,5 Large series have demon-
strated that the incidence of high-grade, more aggres-
sive prostate cancer is less common in screened popu-
lations and that the proportion of patients diagnosed 
with metastatic disease has also declined.6,7 A recent 
study showed that screened populations have better 
PSA outcomes (lower PSA failure rates and longer 
postoperative time to doubling of the PSA level) after 
surgical treatment, suggesting that cure rates may be 
improved as well.8 

Despite such indirect evidence of benefit, issues 
around prostate cancer screening continue to be de-
bated. Unlike other screening tests such as mammog-
raphy and colonoscopy, there have been no adequately 
designed prospective, randomized controlled trials prov-
ing the benefit of PSA screening, although there are 
2 such trials currently being conducted in the United 
States and Europe. Results from these studies will not 
be available for several years.9,10 Moreover, it is well ac-
cepted that the PSA test is imperfect. At the traditional 
cutoff for “normal” of 4.0 ng/mL, the test’s positive pre-
dictive value (ie, the proportion of men with a PSA level  
> 4.0 ng/mL who have prostate cancer) is approximate-
ly 30%. It is only 25% with a PSA level between 4 and 
10 ng/mL, the range that includes the majority of men 
who are tested.11 In one series, PSA levels between 2 and 
9 ng/mL had little association with volume or grade of 
prostate cancer.12 The authors concluded that PSA levels 

in this range are more commonly the result of benign 
prostatic hypertrophy (BPH) than cancer. 

Due to the low positive predictive value of the PSA 
test, it is difficult to determine which patients are most 
at risk for prostate cancer–related mortality. The life-
time risk of death from prostate cancer is approximate-
ly 3% for US men, despite autopsy series that show that 
the prevalence of prostate cancer among men older 
than 50 years is greater than 50%.13,14 This suggests that 
a high proportion of men with prostate cancer will die 
with the disease but not from it. PSA screening there-
fore uncovers many clinically insignificant cancers and 
may ultimately expose some patients unnecessarily to 
the anxiety and morbidity associated with prostate can-
cer diagnosis and treatment. On the other hand, an 
estimated 27,000 men died of prostate cancer in 2006,1 
and many more suffered disease-related morbidity. 
Established PSA screening programs may prevent or 
delay these outcomes. However, our ability to predict 
an “insignificant” cancer prospectively is inadequate. 
The challenge is distinguishing prostate cancer that 
will one day become clinically significant from prostate 
cancer that will never threaten a patient’s well being. 

Guideline Recommendations

Based on favorable data and the successes of screen-
ing programs in other cancers, PSA screening has be-
come the standard of care in most US primary care prac-
tices. This has occurred despite the absence of universally 
accepted screening guidelines (Table 1). The American 
Urologic Association and the American Cancer Society 
recommend initiating screening at age 50 years and con-
tinuing until age 70 years, or as long as life expectancy is 
greater than 10 years. The recommended age is lowered 
in higher-risk groups, such as African American men or 
men with a family history of prostate cancer. The US Pre-
ventive Services Task Force argues that there is a lack of 
evidence justifying screening and as such recommends 
discussing with patients whether or not to perform PSA 
testing. The American College of Physicians (ACP) en-
courages physicians to heed patient preferences prior 
to routine screening of all men over age 50 years and 
recommends discussing this option for men with life 
expectancy over 10 years. The ACP argues against earlier 
screening in African American men or in men with a 
family history of prostate cancer due to a paucity of data 
showing benefit.

PSA Threshold for Prostate Biopsy

Evaluating the case patient’s PSA test results, one 
could argue that his level remains low, comfortably below 
the traditional cutoff of 4.0 ng/mL. Yet determination 

Table 1. Guidelines for Prostate Cancer Screening

American Cancer Society (www.cancer.org)

PSA screening at age 50 yr and continuing yearly until age 70 yr, 
or as long as life expectancy is > 10 yr; screening at age 45 yr 
for African Americans and those with a first-degree relative  
diagnosed with PCa before age 65 yr

American Urologic Association (www.urologyhealth.org)

PSA screening at age 50 yr and continuing yearly until age 70 yr, 
or as long as life expectancy is > 10 yr; screening at age 40 yr 
for African Americans and those with a family member diag-
nosed with PCa

US Preventive Services Task Force 
(www.annals.org/cgi/content/summary/137/11/917)

No recommendation for or against screening; patients and  
doctors should discuss potential harms and benefits

American College of Physicians  
(www.annals.org/cgi/content/full/126/6/480)

PSA screening should not be routinely performed for all men; 
physicians should be guided by patient preferences and  
interpretation of potential harms and benefits 

PCa = prostate cancer; PSA = prostate-specific antigen. 
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of the appropriate PSA cutoff, like screening itself, is 
fraught with controversy as illustrated recently by analysis 
of the Prostate Cancer Prevention Trial (PCPT).15 In this 
trial, nearly 19,000 healthy men older than 55 years with 
a PSA level below 3.0 ng/mL were randomly assigned to 
receive finasteride or placebo, and all patients underwent 
prostate biopsy by 7 years. At the end of 7 years, among 
2950 men in the placebo arm who had never had a PSA 
level above 4.0 ng/mL, 449 (15.2%) had prostate cancer. 
Prevalence was 26.9% among those with a PSA level be-
tween 3.1 and 4.0 ng/mL and 6.6% in those with a PSA 
level less than 0.5 ng/mL. Even more alarming, 67 of 
the 449 (14.9%) cancers diagnosed were intermediate-  
or high-grade cancers.15 

Should these findings lead to a lowering of the PSA 
threshold? Proponents argue that the PCPT proves that 
many aggressive cancers which are undiagnosed at a 
PSA cutoff of 4.0 ng/mL would be found using a lower 
threshold, which may lead to a survival benefit. Oppo-
nents, however, argue that lowering the PSA threshold 
would further increase the number of unnecessary bi-
opsies. Presently, 44 men undergo biopsy to discover 
1 case of high-grade cancer, and the number of those 
who undergo biopsy could increase significantly with 
a lower threshold. Moreover, an estimated 1.2 million 
men in the United States would be diagnosed with pros-
tate cancer each year if the PSA cutoff were lowered to  
2.5 ng/mL. While a minority of those with a PSA level be-
tween 2.5 and 4.0 ng/mL will have potentially aggressive 
disease and will benefit from an earlier diagnosis, many 
more will have low-risk disease and, as a result, may be 
subjected to overly aggressive or premature treatment.16 

Techniques for Improving PSA Precision

Since PSA was first used as a screening tool, much 
effort has been focused on improving its precision. It is 
well established, for example, that the DRE, when posi-
tive, adds significantly to the positive predictive value of 
PSA and should be part of routine patient screening.11 
An early attempt at improving PSA screening utilized 
PSA density, based on the premise that cancer cells pro-
duce more PSA per unit of prostate tissue than do nor-
mal cells. When the PSA level is assessed in association 
with the prostate gland size, the specificity of the assay 
may improve. However, subsequent studies have not 
been able to reproduce the utility of this technique.17,18

Another technique for improving PSA precision is 
the measurement of free PSA, the proportion of PSA 
not bound to other proteins. A lower free-to-total PSA 
ratio is more commonly associated with a finding of 
cancer on biopsy.19 Benign PSA (BPSA) is a form of 
free PSA more densely concentrated in the transition 

zone of the gland, the area giving rise to BPH more 
commonly than prostate cancer. Some studies suggest 
that measuring BPSA better predicts BPH and can 
therefore improve screening specificity.20 Assays have 
also been developed for the direct measurement of 
PSA bound to alpha-1-antichymotrypsin (ACT), which 
is called complexed PSA.21 In prostate cancer, as com-
pared with benign prostate tissue, a higher proportion 
of PSA is ACT-bound. This test has outperformed total 
PSA and free PSA in many,22–24 but not all,25 studies. 

Finally, high PSA velocity (ie, the increase in PSA level 
per year) and PSA doubling time may also be associated 
with a higher likelihood of cancer. PSA velocity has proven 
the most useful in determining prognosis once a prostate 
cancer diagnosis has been established. D’Amico et al26,27  
showed that a rise in PSA level exceeding 2.0 ng/mL  
in the year prior to diagnosis is associated with an in-
creased risk of death due to prostate cancer. PSA velocity 
was an important consideration when assessing the case 
patient’s laboratory test results. His increased PSA level 
from 0.7 to 2.8 ng/mL raised concern that if cancer were 
present, it could very well be an aggressive subtype de-
manding therapeutic intervention. 

Prostate biopsy

Case Presentation Continued

Together, the patient and his physician weigh the risk of un-
necessary biopsy and the risk of diagnosing a clinically insig-
nificant cancer (one that might remain silent over the course 
of his lifetime) against the reasonable likelihood, based on PSA 
velocity, that any cancer present could be aggressive. The deci-
sion is made to refer him to a urologist for biopsy, the gold 
standard for prostate cancer diagnosis.

Transrectal ultrasonography is used to guide a typical 
transrectal 18-gauge core needle biopsy. Biopsy is usual-
ly performed with local anesthesia, and the procedure 
is generally well tolerated. Fewer than 1% of biopsies 
lead to hospitalization due to complications,28 although 
a substantial proportion of patients report pain and 
discomfort associated with the procedure. In addition, 
in a series that evaluated complication rates in 5802 
biopsy specimens, 50.4% of patients developed hema-
tospermia and 22.6% developed hematuria.29 Until the 
2000s, a sextant needle biopsy was considered standard, 
but several studies have shown that cancer detection 
rates are improved significantly with more biopsy speci-
mens.30 Twelve- to 14-core needle biopsies are becom-
ing the standard and are associated with no apparent 
increase in serious complications. Transient, clinically 
insignificant rectal bleeding or hematospermia may 
rarely occur due to the additional biopsy specimens.31 
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When invasive cancer is identified in 1 or more core 
biopsies, the pathologist assigns a Gleason score, which is 
a measure of the glandular architecture. Tumor cells with 
a lower score are more capable of forming glandular- 
appearing tissue than cells with a higher score. The pa-
thologist grades the most prevalent cells in a tumor on a 
scale of 1 to 5, with 1 generally being the most differenti-
ated and 5 being the least differentiated. The second 
most prevalent type of cell is similarly graded, and the 
2 scores are added together to give an overall Gleason 
score. A score of 6 (Gleason 3 + 3) or below is consid-
ered low-grade, 7 (Gleason 3 + 4 or 4 + 3) is considered 
intermediate-grade, and 8 (Gleason 4 + 4) or above is 
considered high-grade disease.32 Based on multiple retro-
spective series, these scores are strong prognostic factors. 
Low-grade cancers are associated with significantly more 
favorable outcomes.33,34 Other aspects of the biopsy that 
provide prognostic information include the number of 
positive core biopsies and the amount of tumor present 
within each core.35,36 Pathologists also report the pres-
ence or absence of perineural invasion of prostate cells. 
While the clinical significance of perineural invasion is 
unclear, it is correlated in most studies with extension of 
tumor cells beyond the confines of the prostate capsule.37

Physicians must keep in mind that prostate biopsy re-
sults are often inconclusive. Needle biopsies survey only 
a small percentage of the gland and therefore may in-
accurately detect the extent or even presence of tumor. 
Moreover, biopsy Gleason score is often upgraded 
when pathologists analyze the entire gland after radical 
prostatectomy (RP). Several reports suggest that a sig-
nificant percentage of low-grade cancers are upgraded 
to intermediate- or high-grade cancers after RP—over 
50% in 1 series.38–40 Since Gleason score at RP is a 
better predictor of prostate cancer–related outcomes 
than is biopsy Gleason score,41 the possibility of under-
estimating the grade of tumor should be taken into 
consideration. Models have been devised to predict the 
probability of a significant Gleason score upgrade using 
PSA, clinical stage, and biopsy Gleason grade.42

Case Presentation Continued

LG undergoes biopsy, and pathologic evaluation of the speci- 
mens reveals a Gleason 3 + 3 adenocarcinoma in 2 out of 7 cores  
taken from the left lobe of the prostate. Cancer is present in 
approximately 5% of each positive core. No cancer is found in  
7 cores taken from the right lobe. Perineural invasion is not 
present. Prostate volume, as estimated by ultrasound, is 32 mL.

Further Testing After Biopsy

Based on these biopsy results, LG has a low-grade 
prostate cancer likely involving a small volume of glan-

dular tissue. In fact, it is distinctly possible that his in-
creased PSA level was not a reflection of prostate cancer. 
His low-grade, low-volume disease may not be capable of 
producing the fourfold PSA increase to 2.8 ng/mL, and 
other factors such as BPH or local inflammation may be 
to blame. One group of researchers estimated that 25% 
of prostate cancers were not responsible for the PSA test 
results that prompted biopsy.43 

Further staging via bone scan and/or computed 
tomography (CT) scan is not necessary for this patient. 
Although bone is the most common site of distant 
prostate metastases, only 1% of patients with a Gleason 
score of 7 or less, a PSA level of 50 ng/mL or less, and 
tumor confined to 1 lobe of the prostate will have an 
abnormal bone scan.44 CT scans are capable of detect-
ing locally advanced and soft tissue disease, but in an 
analysis of 244 patients, no patients with a Gleason 
score below 7 and a PSA level below 15 ng/mL had 
an abnormal CT scan.45 For patients with higher grade 
and/or higher stage disease, these tests and others, 
such as pelvic or endorectal coil magnetic resonance 
imaging (MRI), may be indicated and may provide 
guidance for further management. If an imaging study 
shows distant metastasis, local therapy to the prostate is 
generally not indicated, and systemic treatment is used. 
If imaging shows locally advanced disease beyond the 
capsule of the prostate (stage cT3), optimal treatment 
is an area of controversy and may involve surgery, ra-
diation therapy, systemic therapy, or a combination of 
treatments. For the case patient, given his clinical and 
pathologic profile, advanced disease was highly unlike-
ly and further imaging was not recommended.

Treatment options

Optimal treatment for low-risk patients such as LG 
is widely debated. Fortunately, his prognosis is excel-
lent no matter which option he chooses—open RP, 
laparoscopic RP, robotic RP, external beam radiation 
therapy (XRT), brachytherapy, or no immediate treat-
ment at all (Table 2). The first decision a patient in this 
situation faces is whether to seek treatment (see Active 
Surveillance). Once the decision is made to treat, both 
RP and XRT offer an excellent chance for cure. Men 
who are candidates for both types of local treatment 
often ask their doctors which is “better,” surgery or 
XRT. Despite years of experience with each modality, 
this has been a difficult question to answer. 

Surgery Versus Radiation Therapy

Several attempts to launch trials randomizing pa-
tients to surgery or XRT have been made, but none 
has adequately accrued patients. Thus, the 2 modalities 
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must be compared using retrospective studies, which 
are imperfect for several reasons. Surgical candidates 
tend to be younger and healthier with better prognoses 
than those who receive XRT, which may bias outcomes 
in favor of RP. Also, the natural history of low- and  
intermediate-grade disease is quite long, and studies 
with follow-up of at least 10 to 15 years are needed in 
order to draw definitive conclusions. Yet, XRT has seen 
great technical improvement, and higher doses are rou-
tinely delivered to the prostate more accurately today 
compared with 15 years ago. Kupelian et al46 focused 
on PSA relapse-free survival in a more modern series of 
almost 3000 patients and showed that outcomes were 
similar among comparably staged patients undergo-
ing XRT and RP when XRT is delivered at modern 
doses. Patients who received lower doses of XRT had 
significantly worse outcomes.46 Another more recent 
variation in XRT, the addition of hormone therapy, also 

improves outcomes for patients with intermediate- and 
high-grade disease, but such therapy was rarely used in 
the most mature retrospective data sets. Thus, historical 
comparisons are difficult. 

The chance for cure is high with surgery or ra-
diation for patients with low-risk disease. Models using 
multiple clinical factors have been created to assess 
the chances of a favorable outcome after treatment. 
The Partin model uses clinical stage, Gleason score, 
and pretreatment PSA level to predict the probabil-
ity of organ-confined disease, and therefore the likeli-
hood of cure with surgical removal of the prostate.47 
In LG’s case, the model estimates an 81% chance of 
having tumor confined to the prostate at the time of 
surgery. Nomograms developed by Kattan et al (avail-
able at www.nomograms.org.) based on similar factors 
predict the chances of 5-year recurrence-free survival 
after treatment.48,49 More detailed models that take 

Table 2. Primary Approaches to Localized Prostate Cancer

Therapy Advantages Disadvantages/Side Effects

Open RP Excellent cure rates when disease is limited to the prostate gland
Widely used, well-established procedure
Nerve-sparing approach minimizes side effects

Risk of ED
Risk of urinary incontinence
Exposure to risks of surgery and general anesthesia
10–14 days with Foley catheter postoperatively

Laparoscopic and 
robot-assisted RP

Cure rates similar to open RP in retrospective series
Fewer surgery-related complications (eg, perioperative bleeding 

and DVT)
Shorter hospital stay and time with Foley catheter

Surgeons have less experience than with open RP
Early reports suggested higher positive surgical margin 

rate (rate likely diminishes as surgeons gain experi-
ence)

External beam XRT Noninvasive
Cure rates comparable with open RP for localized disease
Periprostatic tissue and at-risk areas of pelvis may receive treat-

ment
Emerging technologies improve outcomes and may help minimize 

side effects

7–8 wk of daily treatment
Likelihood of urinary urgency/dysuria during treat-

ment
Risk of ED and/or urinary incontinence
Risk of radiation proctopathy
Remote but appreciable risk of secondary malignancy

XRT with androgen 
ablation therapy

Cancer-related outcomes improved for intermediate- and high-
risk disease, as hormonal therapy may potentiate XRT effects 
and treat micrometastases

May potentiate XRT-related side effects
Decreased erectile function and libido
Hot flashes
Fatigue and weight gain 

Brachytherapy Convenient, single outpatient treatment
Excellent outcomes for low-risk, low-volume disease
Significant radiation dose drop-off at margins of the gland, possi-

bly decreasing toxicity compared with external beam XRT

Risk for undertreating margins of the gland; therefore 
may not be optimal for higher-risk, high-volume 
disease

Side-effect profile similar to external beam XRT
Unknown if supplemental XRT adds benefit 

Androgen ablation 
therapy 

Avoids side effects of local therapy
May forestall the onset of metastases; therefore it is a reasonable 

option for patients with shorter life expectancy
May be administered safely to patients who are not eligible for 

surgery or XRT

Will not lead to cure; in time, the cancer will become 
refractory to treatment

Decreased erectile function and libido
Hot flashes
Fatigue and weight gain
Risk of osteopenia/osteoporosis 

Active surveillance Forestalls or avoids altogether the adverse effects of any treat-
ment

Indicated only for low-risk, low-volume disease
Requires close follow-up, including yearly biopsy
Anxiety associated with living with untreated cancer

DVT = deep vein thrombosis; ED = erectile dysfunction; RP = radical prostatectomy; XRT = radiation therapy. 
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into account endorectal coil MRI results and num-
ber of positive biopsy cores may be used to define 
risk more precisely for those with intermediate- and 
high-grade disease.50 Using a nomogram, LG has an 
approximately 90% chance of remaining disease-free  
5 years after surgery or XRT. Longer-term outcomes 
are needed to provide the most accurate information 
to patients, given the long natural history of this dis-
ease. Nonetheless, this patient has a high likelihood 
of a favorable outcome with any surgical or radiation-
based approach, and thus particular attention must 
be paid to the potential side effects and tolerability of 
each therapeutic option.

Radical Prostatectomy

As with most surgeries, the best candidates for RP 
are generally healthy men with few comorbidities. 
Since the goal of the procedure is complete eradi-
cation of prostate cancer, ideal candidates are also 
those with a high likelihood of having organ-confined 
disease as predicted by the Partin model. The most 
common surgical technique is open RP with a ret-
ropubic approach where a midline incision is made 
from the umbilicus to the top of the pubis. A perineal 
approach may also be used, particularly for patients 
with low-grade disease. The advantage appears to be 
decreased blood loss and a shorter hospital stay. The 
retropubic approach allows sampling of pelvic lymph 
nodes during the operation. There is, however, little 
evidence that surveying lymph nodes provides mean-
ingful benefit in patients with low-grade disease, since 
the chances of having lymph node involvement are 
low. It is not clearly established which patients should 
undergo lymphadenectomy. 

Nerve-sparing technique. The actual dissection 
and removal of the prostate is technically challenging. 
Careful dissection may spare nerves responsible for uri-
nary control and erectile function. Attempts to spare 
nerves need to be weighed carefully against the need 
for extensive resection based on tumor volume and 
aggressiveness. Criteria for the selection of patients for 
nerve-sparing surgery have been established. Patients 
considered to be at risk for extraprostatic extension, 
and therefore poor candidates for the procedure, 
include those with high-grade disease and a PSA level 
exceeding 20 ng/mL. One series showed that the 
incidence of positive surgical margins was 2.5% when 
patients were treated according to the criteria versus 
11.8% when they were not.51 

Nerve-sparing approaches have become favored when 
possible in an effort to avoid the major complications of 
RP, such as urinary incontinence and erectile dysfunction 

(ED). Retrospective series, single institutional experienc-
es, and patient surveys have reported variable rates of uri-
nary incontinence after RP. Most men have some degree 
of stress incontinence immediately after the procedure, 
but this generally resolves after a few months. In a study 
of over 1200 men who underwent RP, approximately 
40% reported occasional urinary leakage at 24 months, 
but only 8.7% described incontinence as a moderate to 
severe problem.52 Use of modern surgical techniques 
such as the nerve-sparing approach has led to an appar-
ent fall in rates of urinary incontinence. Contractures of 
the bladder neck are extremely rare.

A more common complication after RP is ED. As 
with urinary continence, ED rates have improved over 
the past 15 years, particularly in the hands of expe-
rienced surgeons using the nerve-sparing approach. 
Many retrospective series have reported widely vari-
able rates of ED after RP, depending on the age of the 
patient, the experience of the surgeon, and the era in 
which the RP was performed (pre– and post–nerve 
sparing). Results also vary based on whether patients 
or urologists are reporting the data, with ED rates con-
sistently higher in patient-based surveys. For example, 
retrospective analysis of several thousand patients in the 
early 1990s showed that less than one third of patients 
maintained erectile function adequate for intercourse 
after RP.53 In a more recent retrospective analysis of 
almost 3500 patients operated on by a single surgeon at 
a major research institution, up to 78% of men under 
age 70 years maintained erectile function sufficient 
for intercourse after bilateral nerve-sparing surgery.54 
While reliable data in this area are lacking, patients can 
be informed that age, pretreatment erectile function, 
and surgical technique are predictors of outcome.

Minimally invasive approaches. In the late 1990s, 
a laparoscopic approach to RP was developed. This 
minimally invasive, video-assisted procedure promised 
lower perioperative complications, such as bleeding, as 
well as shorter hospital stays. Also, proponents of the 
technique hypothesized that having the surgical field 
magnified by the laparoscopic cameras would allow 
for more successful nerve-sparing dissections. Because 
laparoscopic surgery requires a specialized skill set, 
laparoscopic RP gained traction across Europe and the 
United States slowly as urologists at specialized centers 
trained in the approach. The technique was opened to 
a larger number of urologists with the recent introduc-
tion of robot-assisted laparoscopic RP. 

Laparoscopic and robot-assisted RP have never been 
compared head-to-head with the traditional open RP, 
and thus one must examine retrospective series to com-
pare the 2 approaches. Some series focus on outcome 
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data from individual surgeons who have utilized both 
strategies, while other studies report data from single 
institutions in which different surgeons use different 
approaches. A recent review of this literature discussed 
these comparative studies.55 Laparoscopic surgery was 
consistently associated with longer operative times but 
less blood loss during surgery, fewer postoperative com-
plications (eg, thromboembolic disease or pain), and less 
time requiring a Foley catheter. Early reports from lapa-
roscopic series appeared to indicate that rates of positive 
surgical margins were higher with laparoscopic RP. How-
ever, in later series in which the laparoscopic surgeons are 
more experienced, this difference diminishes. This raises 
an important problem for any study comparing the 2  
approaches—laparoscopic surgeons are necessarily less 
experienced as a group than those performing the open 
procedure. In terms of urinary and sexual side effects, 
direct comparisons have been difficult due to different 
population sizes, population comorbidities, and experi-
ence levels of surgeons. Nonetheless, no study has sug-
gested a significant difference between the procedures. 
The laparoscopic and robot-assisted techniques are too 
young for adequate comparison regarding PSA recur-
rence rates. Since laparoscopic and robot-assisted RP 
has clearly not proven superior to open RP, some experi-
enced urologists in the United States feel that minimally 
invasive approaches should be considered less estab-
lished until operators gain more experience and more 
definitive clinical studies are performed.

External Beam Radiation Therapy

Various forms of XRT have been used for the treat-
ment of localized prostate cancer, including external 
beam XRT and brachytherapy. Patients receiving ex-
ternal beam XRT are generally treated 5 days per week 
for 7 to 8 weeks. Many patients experience mild urinary 
urgency or dysuria during the 8 weeks of treatment. 
Long-term urinary incontinence is unusual, but exact 
rates vary depending on the trial. In a cohort of approxi-
mately 1200 patients treated for localized disease in the 
mid 1990s, incontinence rates were 4% at 5 years among 
the 286 patients receiving XRT, as compared with 14% 
to 16% among the 901 who underwent RP. ED was also 
less common in the XRT group (63.5% versus 79.3%).56 
A more modern series shows comparable rates of incon-
tinence and ED between RP and XRT patients.57 The 
pattern of urinary symptoms and erectile function differ 
according to treatment. Men undergoing RP generally 
experience an improvement in symptoms in the months 
following surgery. The symptoms of XRT patients, on 
the other hand, tend to worsen over the course of sev-
eral years before reaching a plateau.57 Unlike surgery, 

external beam XRT is associated with more significant 
gastrointestinal (GI) toxicity. Many experience bowel ir-
ritation during treatment, including burning, diarrhea, 
and hematochezia. A small percentage will develop 
more serious radiation proctopathy. These symptoms 
usually dissipate shortly after treatment but can persist 
in approximately 5% of patients. 

A rare but concerning side effect from XRT deliv-
ered anywhere in the body is secondary malignancy. 
In a large retrospective analysis from the Surveillance 
Epidemiology and End Results (SEER) database, over 
50,000 men who received XRT for localized prostate 
cancer between 1973 and 1993 were compared with 
over 70,000 men who underwent RP. Among long-
term survivors, XRT was associated with a small but 
statistically significant increase in secondary tumors, 
especially bladder cancer, rectal cancer, and sarcoma 
within the treatment field. The risk of developing a 
secondary malignancy was 1 in 70 for those surviving 
at least 10 years after XRT.58 The 20-year and 30-year 
risk may be more profound. For this and other rea-
sons, some physicians recommend RP for their young, 
otherwise healthy patients choosing between RP and 
external beam XRT for localized disease.

Newer technologies. Newer technologies, such as 
3-dimensional conformal radiotherapy (3D-CRT), are 
currently used at most major centers in an attempt to 
improve outcome and decrease side effects. 3D-CRT al-
lows radiation oncologists to define more precisely areas 
that should and should not receive doses of radiation. 
The American Society for Therapeutic Radiation and 
Oncology (ASTRO) convened a task force to review 
the data concerning 3D-CRT in prostate cancer. The 
panel concluded, based on numerous prospective and 
retrospective trials, that acute toxicity, particularly acute 
GI toxicity, was improved with 3D-CRT compared with 
conventional XRT.59 3D-CRT also improved long-term 
GI toxicity but was not associated with an improve-
ment or worsening of long-term bladder or sexual side 
effects. Data suggest that 3D-CRT permits delivery of 
higher doses to the prostate, which may improve cancer- 
related outcomes, especially for those with less favor-
able clinical characteristics (Gleason score > 6, PSA level  
> 10 ng/mL). The limited period of follow-up prevents 
assessment of survival advantage for 3D-CRT.59 A more 
recently developed technique, intensity-modulated ra-
diation therapy (IMRT), delivers varying intensities of 
radiation along irregularly shaped contours. This allows 
physicians to define radiation fields further and permits 
higher dose escalations to the target. Reports suggest an 
improvement in some toxicity, particularly GI toxicity, as 
compared with 3D-CRT.60  
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Hormonal therapy. For patients with localized pros-
tate cancer who are at increased risk for distant and local 
recurrence, emerging data suggest that adjuvant treat-
ments improve outcomes. Adding hormonal therapy to 
standard XRT was a logical approach, since androgen-
deprivation therapy (ADT), usually consisting of a lutein-
izing hormone–releasing hormone agonist, consistently 
induces responses in more advanced disease. Treatment 
with ADT in the setting of XRT may confer benefit 
by both enhancing XRT effect locally and controlling 
subclinical distant metastases.61 Side effects associated 
with ADT include hot flashes, ED, loss of libido, fatigue, 
and decreased bone density. The addition of an antian-
drogen, such as flutamide or bicalutamide, to ADT can 
exacerbate symptoms and increases the risk of gyneco-
mastia. These effects largely resolve upon discontinua-
tion of treatment, but quality of life is diminished during 
therapy, and there is some risk among older patients of 
permanent testosterone suppression.

In the 1990s, Bolla et al62 established that 3 years 
of ADT after XRT for patients with high-risk localized 
prostate cancer improved survival compared with XRT 
alone. Consideration was then given to administering 
hormonal therapy prior to and during XRT (a neoad-
juvant approach). When hormonal therapy was given  
2 months before and during XRT, cancer-specific survival 
was improved compared with XRT alone.63 Following 
this finding, it was shown that giving hormonal therapy 
before, during, and 2 years after XRT improved cancer- 
related outcomes further. However, those receiving lon-
ger durations of hormonal therapy reported worse side 
effects without clearly superior outcomes.64 D’Amico  
et al65 conducted a trial in which half of patients with  
intermediate- or high-grade disease or a PSA level greater 
than 10 ng/mL were given hormonal therapy 2 months 
prior to, 2 months during, and 2 months after XRT. The 
other half received XRT alone. After a median follow-up 
of 4.5 years, the XRT plus hormonal therapy arm showed 
an improvement in overall survival (88% versus 78%).65 

These randomized controlled trials demonstrate the 
benefit of adding hormonal therapy to radiation, par-
ticularly in the high-risk subset of patients. Hormon-
al treatment before, during, and after XRT appears 
optimal. Yet several questions remain. What exactly 
should the duration of adjuvant therapy be? Hormonal 
durations can range from 6 months to 3 years. The 
optimal dose of radiation also remains unclear. In the 
studies above, 70 Gy was the maximum dose admin-
istered. Present technology allows the safe delivery of  
78 Gy to the prostate. Would 78 Gy be just as effective 
as 70 Gy with hormonal treatment? These studies fo-
cused on intermediate- and high-risk patients. Would a 

short duration of hormonal therapy (neoadjuvant, ad-
juvant, or both) improve outcomes for low-risk patients 
such as LG? Presently, for low-risk patients choosing ex-
ternal beam XRT as local therapy, the standard of care 
is IMRT, if available, at doses of at least 72 Gy.

Brachytherapy

Brachytherapy consists of transperineal implantation 
of small radioactive pellets, or “seeds,” into the pros-
tate gland with ultrasound or MRI guidance. Unlike 
external beam XRT, only 1 outpatient visit is required. 
Proponents of the procedure argue that brachytherapy 
offers the best opportunity for dose escalation because 
the radiation source is in the prostate gland itself rather 
than a beam that must travel through other tissue. On 
the other hand, because the type of radiation delivered 
via seed implantation does not easily penetrate tissue, 
there is risk for undertreating the margins of the gland. 
Biochemical outcomes of brachytherapy in multiple 
trials for patients with low-grade, low-stage disease and 
low PSA level are excellent, with 5- to 10-year biochemi-
cal control rates between 87% and 96%.66 Outcomes 
for those with intermediate- or high-grade disease 
are not as clear. While some have reported a 6-year  
biochemical-free survival of 90% for patients with Glea-
son 7 disease, others reported 5-year biochemical-free 
survival of 28%.67,68 

The majority of patients report urinary symptoms, 
usually mild urinary frequency, urgency, or dysuria in 
the months immediately following treatment. Prostate 
swelling and urinary retention occur in 1% to 14% of 
patients,69 results that appear to occur at higher fre-
quency in those with larger gland volume.70 As a result, 
the procedure is discouraged in any patient with a recent 
history of prostatitis, a history of transurethral resection 
of the prostate, or a gland size exceeding 60 g. The 
long-term side effect profile is similar to XRT, although 
the incidence of specific complications may differ. One 
analysis of brachytherapy and 3D-CRT from the 1990s 
showed that urinary toxicity persisted in 31% of patients 
1 year after brachytherapy, higher than toxicity seen with 
3D-CRT. Urinary stricture in particular was more preva-
lent in the brachytherapy group.71 A more recent series 
showed that the rate of incontinence after brachytherapy 
is similar to that after 3D-CRT and RP. However, as seen 
with external beam XRT patients, the pattern of dysfunc-
tion differs from postsurgical complications, deteriorat-
ing over time.57 Rectal complications from brachytherapy 
appear comparable with external beam treatment and 
seem to improve with time.57 Rates of ED again depend 
on whether physicians or patients are reporting. In  
1 patient survey, ED was reported in 73% of patients  
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receiving brachytherapy.72 Physician-reported series sug-
gest that potency is preserved more often for brachyther-
apy patients than for RP or external beam XRT patients. 
Physician-reported series, on the other hand, are often 
dramatically different. One series, for example, reported 
impotence in only 4% to 14% of men who were potent 
prior to treatment.73

Supplemental external beam XRT may enhance re-
sponse to brachytherapy. The addition of external beam 
XRT allows further dose escalation and enables treat-
ment to periglandular tissue, and, if indicated, seminal 
vesicles and lymph nodes. For patients with low- and  
intermediate-risk disease, however, external beam XRT 
does not appear to add benefit in terms of PSA-free sur-
vival. Results among high-risk cohorts are mixed. Results 
from a randomized clinical trial addressing this issue are 
pending.74 Hormonal therapy would be a logical adjunct 
to brachytherapy, given its established utility in external 
beam treatment. However, there are no randomized tri-
als addressing the issue, and retrospective analyses have 
provided conflicting results.66 

Active Surveillance

Though LG’s chance for cure is excellent with ei-
ther surgery or XRT, one must ask, is cure necessary? 
As mentioned above, most men with prostate cancer 
do not die of the disease. Indeed, several recent stud-
ies confirm that expectant management, often called 
watchful waiting or active surveillance, is a reasonable 
choice for a large proportion of men with low-risk 
prostate cancers. The Connecticut Tumor Registry has 
followed 767 men with known prostate cancer who 
did not receive treatment. A 2005 update of the data 
showed that after a median follow-up of 24 years, 23% 
of men with Gleason 6 disease died of prostate cancer.75 
The pathology from these cases was recently reanalyzed, 
and most of the Gleason 6 cancers were upgraded to 
Gleason 7.76 This suggests that outcomes would be im-
proved for patients diagnosed with Gleason 6 prostate 
cancer using today’s standards. It is also noteworthy 
that this study was initiated prior to the widespread 
use of the PSA screening test. Most of the patients in 
this registry were diagnosed via transurethral biopsy of 
the prostate. A PSA-screened population would likely 
be diagnosed sooner. PSA screening is estimated to 
provide a diagnostic lead-time of at least 5 to 10 years,77 
which could push cancer-specific survival to more than 
30 years for the large majority of patients with low-grade 
disease. Of note, this study and other similar retrospec-
tive series do not record all morbidity associated with 
progression of disease. While these studies demonstrate 
that survival without treatment is quite long for those 

with low-risk disease, treatment may remain preferable 
if quality of life is significantly improved.

Perhaps the most important study examining the 
relative benefits of watchful waiting is the Scandinavian 
Prostate Cancer Group Study 4. This trial randomized 
695 men diagnosed with prostate cancer to watchful 
waiting or RP. Approximately two thirds of the cancers 
were Gleason 6 or lower. The absolute risk reduction for 
death from prostate cancer was 5.4% in favor of the RP 
arm. Those receiving RP also had a 10% absolute risk re-
duction in incidence of metastases and an improvement 
in 10-year survival (73% versus 68%). RP appeared to 
benefit primarily those younger than 65 years, with no 
advantage detected for patients older than 65 years.78 
The results suggest that radical treatment should be 
considered for men diagnosed by age 65 years. While a 
small but significant absolute reduction in mortality was 
detected at 10 years, a reported 10% absolute risk reduc-
tion in incidence of metastases is perhaps more compel-
ling. Those developing progressive or metastatic disease 
will likely suffer greater morbidity and are more likely 
to die of the disease with longer follow-up. Indeed, in a 
2002 update of this cohort, rates of urinary obstruction 
were significantly higher in the watchful waiting group. 
Also, despite the morbidities associated with RP, subjec-
tive quality of life was no higher in the observed group 
compared with the RP group.79

When considering these results, several factors must 
be considered. First, the side effects from RP are con-
siderable. In the 2002 update, rates of ED and urinary 
leakage were 35% and 28% higher in the RP group, 
respectively. Moreover, the absolute risk reduction of 
disease progression of 10% means that the majority 
of RPs were performed without benefit, at least at the 
current endpoint. Almost 20 RPs would need to be 
performed to prevent 1 death in 10 years. A patient at 
low risk for progression in the short term may look at 
these factors and reasonably choose to avoid the com-
plications from RP.

It is also important to note that the population in 
this study was not PSA-screened. Most were diagnosed 
via a positive DRE, and 19% of patients had a PSA level 
greater than 20 ng/mL at diagnosis. Taking into con-
sideration the lead time associated with PSA screening, 
most of the patients in the study would have been diag-
nosed years earlier had they been screened. Therefore, 
a screened population, like that in the United States, 
would have to wait much longer than 10 years to derive 
the 5% survival benefit seen in the trial. In the mean-
time, this screened population would have to endure 
the side effects of treatment for a longer period. 

A sensible approach could entail close monitoring 
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of patients diagnosed with low-risk disease, withhold-
ing radical local therapy until certain criteria are met, 
and initiating radical local therapy well before disease-
related symptoms occur. This approach, called active 
surveillance, could reduce the risk in mortality and 
progression of disease observed in the watchful waiting 
arm of the Scandinavian trial while forestalling or avoid-
ing altogether the side effects associated with treatment. 
The challenges in devising an active surveillance ap-
proach include defining patient eligibility and outlining 
a monitoring strategy. Klotz80 recently reviewed these 
and described an algorithm for active surveillance. Eli-
gible patients should have a Gleason score of 6 or less, 
PSA level of less than 10 ng/mL, and stage T1c-T2a 
disease. These men should have fewer than 3 cores 
involved on biopsy, and disease should consist of less 
than 50% of any 1 core. PSA level is monitored every  
3 months and prostate biopsy is performed yearly. Crite-
ria for intervention with radical local therapy—surgery 
or radiation—include a PSA doubling time of less than 
3 years or more aggressive disease on biopsy, such as an 
increase to Gleason 7.80 Klotz’s group is using this strat-
egy in an ongoing phase 2 study initiated in 1995 that 
is following 423 patients. At 10 years, overall survival was 
85% and disease-specific survival was 99.5%, with 65% 
remaining on surveillance.81 Although a protocol for ac-
tive surveillance is not yet fully established or validated, 
this strategy appears to be a reasonable approach for 
such a subgroup of prostate cancer patients. 

Conclusion

Case Resolution

LG is currently weighing his options. He is wary of the side 
effects associated with treatment, but at the same time is 
reasonably anxious about the recent increase in his PSA level. 
He is also understandably anxious about harboring untreated 
cancer. His physician refers him to a multidisciplinary clinic, 
where he will discuss RP with a urologist, external beam XRT 
and brachytherapy with a radiation oncologist, and overall 
choices with a medical oncologist. 

This case illustrates the controversies surrounding 
PSA screening and the appropriate threshold for biopsy. 
In addition, his low-grade disease, very common among 
PSA-screened patients, is amenable to multiple thera-
pies, which illustrates the difficult choices patients must 
face. Much effort is being made among medical oncolo-
gists, radiation oncologists, and urologists to identify pa-
tients for whom treatment is required and those whose 
disease will never become clinically relevant. Until that 
time, patients need guidance by their physicians as they 
navigate their various options.	 HP

Test your knowledge and  
comprehension of this article with the 

Clinical Review Quiz on page 8.

Corresponding author: Mark M. Pomerantz, MD, Dana-Farber Can-
cer Institute, 44 Binney Street, Boston, MA 02115; mark_pomerantz@
dfci.harvard.edu.

REFERENCES
	 1.	Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2007. CA Cancer J Clin 

2007;57:43–66.
	 2.	Silverberg E. Cancer statistics, 1985. CA Cancer J Clin 1985;35:19–35.
	 3.	American Cancer Society. Cancer facts & figures, 2005. Available at www.

cancer.org/downloads/STT/CAFF2005f4PWSecured.pdf. Accessed 18 Sep 
2007.

	 4.	Bartsch G, Horninger W, Klocker H, et al; Tyrol Prostate Cancer Screen-
ing Group. Prostate cancer mortality after introduction of prostate- 
specific antigen mass screening in the Federal State of Tyrol, Austria. Urology 
2001;58:417–24.

	 5.	Roberts RO, Bergstralh EJ, Katusic SK, et al. Decline in prostate cancer 
mortality from 1980 to 1997, and an update on incidence trends in Olmsted 
County, Minnesota. J Urol 1999;161:529–33.

	 6.	Catalona WJ, Smith DS, Ratliff TL, Basler JW. Detection of organ-confined 
prostate cancer is increased through prostate-specific antigen-based screen-
ing. JAMA 1993;270:948–54.

	 7.	Schroder FH, Denis LJ, Kirkels W, et al. European randomized study of 
screening for prostate cancer. Progress report of Antwerp and Rotterdam 
pilot studies. Cancer 1995;76:129–34.

	 8.	Galper SL, Chen MH, Catalona WJ, et al. Evidence to support a continued 
stage migration and decrease in prostate cancer specific mortality. J Urol 
2006;175(3 Pt 1):907–12.

	 9.	Andriole GL, Levin DL, Crawford ED, et al; PLCO Project Team. Prostate 
Cancer Screening in the Prostate, Lung, Colorectal and Ovarian (PLCO) 
Cancer Screening Trial: findings from the initial screening round of a ran-
domized trial. J Natl Cancer Inst 2005;97:433–8.

10.	 Gosselaar C, Roobol MJ, Roemeling S, et al; European Randomized Study of 
Screening for Prostate Cancer (ERSPC). Screening for prostate cancer with-
out digital rectal examination and transrectal ultrasound: results after four 
years in the European Randomized Study of Screening for Prostate Cancer 
(ERSPC), Rotterdam. Prostate 2006;66:625–31.

11.	 Catalona WJ, Rickie JP, Ahmann FR, et al. Comparison of digital rectal exami-
nation and serum prostate specific antigen in the early detection of prostate 
cancer: results of a multicenter clinical trial of 6,630 men. J Urol 1994; 
151:1283–90. 

12.	 Stamey TA, Johnstone IM, McNeal JE, et al. Preoperative serum prostate 
specific antigen levels between 2 and 22 ng./ml. correlate poorly with post-
radical prostatectomy cancer morphology: prostate specific antigen cure 
rates appear constant between 2 and 9 ng./ml. J Urol 2002;167:103–11.

13.	 Jemal A, Tiwari RC, Muray T, et al; American Cancer Society. Cancer statistics, 
2004. CA Cancer J Clin 2004;54:8–29.

14.	 Sakr WA, Grignon DJ, Crissman JD, et al. High grade prostatic intraepithe-
lial neoplasia (HGPIN) and prostatic adenocarcinoma between the ages of 
20–69: an autopsy study of 249 cases. In Vivo 1994;8:439–43.

15.	 Thompson IM, Pauler DK, Goodman PJ, et al. Prevalence of prostate cancer 
among men with a prostate-specific antigen level < or = 4.0 ng per milliliter.  
N Engl J Med 2004;350:2239–46.

16.	 Hoffman RM. Viewpoint: limiting prostate cancer screening. Ann Intern 
Med 2006;144:438–40.

17.	 Benson MC, Whang IS, Pantuck A, et al. Prostate specific antigen density: a 
means of distinguishing benign prostatic hypertrophy and prostate cancer.  
J Urol 1992;147(3 Pt 2):815–6.

18.	 Brawer MK, Aramburu EA, Chen GL, et al. The inability of prostate specific 
antigen index to enhance the predictive value of prostate specific antigen in 
the diagnosis of prostatic carcinoma. J Urol 1993;150(2 Pt 1):369–73.

19.	 Catalona WJ, Partin AW, Slawin KM, et al. Use of the percentage of free 
prostate-specific antigen to enhance differentiation of prostate cancer from 
benign prostatic disease: a prospective multicenter clinical trial. JAMA 



www.turner-white.com	 Hospital Physician  March 2008  19

P o m e r a n t z  e t  a l  :  P r o s t a t e  C a n c e r  :  p p .  9 – 2 0

1998;279:1542–7.
20.	 Canto EI, Singh H, Shariat SF, et al. Serum BPSA outperforms both total PSA 

and free PSA as a predictor of prostatic enlargement in men without prostate 
cancer. Urology 2004;63:905–10.

21.	 Allard WJ, Zhou Z, Yeung KK. Novel immunoassay for the measurement of 
complexed prostate-specific antigen in serum. Clin Chem 1998;44(6 Pt 1): 
1216–23.

22.	 Brawer MK, Cheli CD, Neaman IE, et al. Complexed prostate specific antigen 
provides significant enhancement of specificity compared with total prostate 
specific antigen for detecting prostate cancer. J Urol 2000;163:1476–80.

23.	 Mitchell ID, Croal BL, Dickie A, et al. A prospective study to evaluate the role 
of complexed prostate specific antigen and free/total prostate specific anti-
gen ratio for the diagnosis of prostate cancer. J Urol 2001;165:1549–53.

24.	 Partin AW, Brawer MK, Bartsch G, et al. Complexed prostate specific antigen 
improves specificity for prostate cancer detection: results of a prospective 
multicenter clinical trial. J Urol 2003;170:1787–91.

25.	 Okihara K, Cheli CD, Partin AW, et al. Comparative analysis of complexed 
prostate specific antigen, free prostate specific antigen and their ratio in de-
tecting prostate cancer. J Urol 2002;167:2017–23.

26.	 D’Amico AV, Chen MH, Roehl KA, Catalona WJ. Preoperative PSA veloc-
ity and the risk of death from prostate cancer after radical prostatectomy.  
N Engl J Med 2004;351:125–35.

27.	 D’Amico AV, Renshaw AA, Sussman B, Chen MH. Pretreatment PSA veloc-
ity and risk of death from prostate cancer following external beam radiation 
therapy. JAMA 2005;294:440–7.

28.	 Rietbergen JB, Kruger AE, Kranse R, Schroder FH. Complications of trans
rectal ultrasound-guided systematic sextant biopsies of the prostate: evalua-
tion of complication rates and risk factors within a population-based screen-
ing program. Urology 1997;49:875–80.

29.	 Raaijmakers R, Kirkels WJ, Roobol MJ, et al. Complication rates and risk 
factors of 5802 transrectal ultrasound-guided sextant biopsies of the prostate 
within a population-based screening program. Urology 2002;60:826–30.

30.	 Presti JC, O’Dowd GJ, Miller MC, et al. Extended peripheral zone biopsy 
schemes increase cancer detection rates and minimize variance in prostate 
specific antigen and age related cancer rates: results of a community multi-
practice study. J Urol 2003;169:125–9.

31.	 Naughton CK, Miler DC, Mager DE, et al. A prospective randomized trial 
comparing 6 versus 12 prostate biopsy cores: impact on cancer detection.  
J Urol 2000;164:388–92.

32.	 Gleason DF, Mellinger GT. Prediction of prognosis for prostatic adeno-
carcinoma by combined histological grading and clinical staging. J Urol 
1974;111:58–64.

33.	 Goto Y, Ohori M, Arakawa A, et al. Distinguishing clinically important from 
unimportant prostate cancers before treatment: value of systematic biopsies.  
J Urol 1996;156:1059–63.

34.	 Epstein JI, Pound CR, Partin AW, Walsh PC. Disease progression follow-
ing radical prostatectomy in men with Gleason score 7 tumor. J Urol 1998; 
160:97–100.

35.	 D’Amico AV, Whittington R, Malkowicz SB, et al. Clinical utility of the per-
centage of positive prostate biopsies in defining biochemical outcome after 
radical prostatectomy for patients with clinically localized prostate cancer.  
J Clin Oncol 2000;18:1164–72.

36.	 Grossfeld GD, Chang JJ, Broering JM, et al. Under staging and under grad-
ing in a contemporary series of patients undergoing radical prostatectomy: 
results from the Cancer of the Prostate Strategic Urologic Research Endeavor 
database. J Urol 2001;165:851–6.

37.	 D’Amico AV, Wu Y, Chen MH, et al. Perineural invasion as a predictor of 
biochemical outcome following radical prostatectomy for select men with 
clinically localized prostate cancer. J Urol 2001;165:126–9.

38.	 Pinthus JH, Witkos M, Fleshner NE, et al. Prostate cancers scored as Gleason 
6 on prostate biopsy are frequently Gleason 7 tumors at radical prostatec-
tomy: implication on outcome. J Urol 2006;176:979–84.

39.	 Cam K, Yucel S, Turkeri L, Akdas A. Accuracy of transrectal ultrasound guid-
ed prostate biopsy: histopathological correlation to matched prostatectomy 
specimens. Int J Urol 2002;9:257–60.

40.	 King CR, Long JP. Prostate biopsy grading errors: a sampling problem? Int J 
Cancer 2000;90:326–30.

41.	 D’Amico AV, Whittington R, Malkowicz SB, et al. A multivariate analysis of 
clinical and pathological factors that predict for prostate specific antigen 
failure after radical prostatectomy for prostate cancer. J Urol 1995;154:131–8.

42.	 Chun FK, Briganti A, Shariat SF, et al. Significant upgrading affects a third 
of men diagnosed with prostate cancer: predictive nomogram and internal 
validation. BJU Int 2006;98:329–34.

43.	 McNaughton Collins M, Ransohoff DF, Barry MJ. Early detection of prostate 

cancer. Serendipity strikes again. JAMA 1997;278:1516–9.
44.	 Lee N, Fawaaz R, Olsson CA, et al. Which patients with newly diagnosed 

prostate cancer need a radionuclide bone scan? An analysis based on 631 
patients. Int J Radiat Oncol Biol Phys 2000;48:1443–6.

45.	 Lee N, Newhouse JH, Olsson CA, et al. Which patients with newly diagnosed 
prostate cancer need a computed tomography scan of the abdomen and 
pelvis? An analysis based on 588 patients. Urology 1999;54:490–4.

46.	 Kupelian PA, Potters L, Khuntia D, et al. Radical prostatectomy, external 
beam radiotherapy < 72 Gy, external beam radiotherapy > or = 72 Gy, perma-
nent seed implantation, or combined seeds/external beam radiotherapy for 
stage T1–T2 prostate cancer. Int J Radiat Oncol Biol Phys 2004;58:25–33.

47.	 Partin AW, Mangold LA, Lamm DM, et al. Contemporary update of prostate 
cancer staging nomograms (Partin Tables) for the new millennium. Urology 
2001;58:843–8.

48.	 Kattan MW, Eastham JA, Stapleton AM, et al. A preoperative nomogram for 
disease recurrence following radical prostatectomy for prostate cancer. J Natl 
Cancer Inst 1998;90:766–71.

49.	 Kattan MW, Zelefsky MJ, Kupelian PA, et al. Pretreatment nomogram for 
predicting the outcome of three-dimensional conformal radiotherapy in 
prostate cancer. J Clin Oncol 2000;18:3352–9.

50.	 D’Amico AV, Whittington R, Malkowicz SB, et al. Combination of the pre-
operative PSA level, biopsy gleason score, percentage of positive biopsies, 
and MRI T-stage to predict early PSA failure in men with clinically localized 
prostate cancer. Urology 2000;55:572–7.

51.	 Kamat AM, Jacobsohn KM, Troncoso P, et al. Validation of criteria used to 
predict extraprostatic cancer extension: a tool for use in selecting patients for 
nerve sparing radical prostatectomy. J Urol 2005;174(4 Pt 1):1262–5.

52.	 Stanford JL, Feng Z, Hamilton AS, et al. Urinary and sexual function after 
radical prostatectomy for clinically localized prostate cancer: the Prostate 
Cancer Outcomes Study. JAMA 2000;283:354–60.

53.	 Mettlin CJ, Murphy GP, Sylvester J, et al. Results of hospital cancer registry 
surveys by the American College of Surgeons: outcomes of prostate cancer 
treatment by radical prostatectomy. Cancer 1997;80:1875–81.

54.	 Kundu SD, Roehl KA, Eggener SE, et al. Potency, continence and complica-
tions in 3,477 consecutive radical retropubic prostatectomies. J Urol 2004; 
172(6 Pt 1):2227–31.

55.	 Rassweiler J, Hruza M, Teber D, Su LM. Laparoscopic and robotic as-
sisted radical prostatectomy—critical analysis of the results. Eur Urol 2006;49: 
612–24.

56.	 Potosky AL, Davis WW, Hoffman RM, et al. Five-year outcomes after prosta-
tectomy or radiotherapy for prostate cancer: the prostate cancer outcomes 
study. J Natl Cancer Inst 2004;96:1358–67.

57.	 Miller DC, Sanda MG, Dunn RL, et al. Long-term outcomes among local-
ized prostate cancer survivors: health-related quality-of-life changes after 
radical prostatectomy, external radiation, and brachytherapy. J Clin Oncol 
2005;23:2772–80.

58.	 Brenner DJ, Curtis RE, Hall EJ, Ron E. Second malignancies in prostate 
carcinoma patients after radiotherapy compared with surgery. Cancer 2000; 
88:398–406.

59.	 Morris DE, Emami B, Mauch PM, et al. Evidence-based review of three- 
dimensional conformal radiotherapy for localized prostate cancer: an 
ASTRO outcomes initiative. Int J Radiat Oncol Biol Phys 2005;62:3–19.

60.	 Zelefsky MJ, Fuks Z, Hapersett L, et al. Clinical experience with intensity 
modulated radiation therapy (IMRT) in prostate cancer. Radiother Oncol 
2000;55:241–9.

61.	 Zietman AL, Prince EA, Nakfoor BM, Park JJ. Androgen deprivation and ra-
diation therapy: sequencing studies using the Shionogi in vivo tumor system. 
Int J Radiat Oncol Biol Phys 1997;38:1067–70.

62.	 Bolla M, Gonzalez D, Warde P, et al. Improved survival in patients with locally 
advanced prostate cancer treated with radiotherapy and goserelin. N Engl J 
Med 1997;337:295–300.

63.	 Pilepich MV, Winter K, John MJ, et al. Phase III radiation therapy oncology 
group (RTOG) trial 86-10 of androgen deprivation adjuvant to definitive ra-
diotherapy in locally advanced carcinoma of the prostate. Int J Radiat Oncol 
Biol Phys 2001;50:1243–52.

64.	 Hanks GE, Pajak TF, Porter A, et al. Phase III trial of long-term adjuvant 
androgen deprivation after neoadjuvant hormonal cytoreduction and radio-
therapy in locally advanced carcinoma of the prostate: the Radiation Therapy 
Oncology Group Protocol 92-02. J Clin Oncol 2003;21:3972–8.

65.	 D’Amico AV, Manola J, Loffredo M, et al. 6-month androgen suppression 
plus radiation therapy vs radiation therapy alone for patients with clinically lo-
calized prostate cancer: a randomized controlled trial. JAMA 2004;292:821–7.

66.	 Merrick GS, Wallner KE, Butler WM. Permanent interstitial brachytherapy 
for the management of carcinoma of the prostate gland. J Urol 2003;169: 



P o m e r a n t z  e t  a l  :  P r o s t a t e  C a n c e r  :  p p .  9 – 2 0

20  Hospital Physician  March 2008� www.turner-white.com

1643–52.
67.	 Merrick GS, Butler WM, Galbreath RW, et al. Biochemical outcome for 

hormone-naive patients with Gleason score 3+4 versus 4+3 prostate cancer 
undergoing permanent prostate brachytherapy. Urology 2002;60:98–103.

68.	 Brachman DG, Thomas T, Hilbe J, Beyer DC. Failure-free survival following 
brachytherapy alone or external beam irradiation alone for T1-2 prostate 
tumors in 2222 patients: results from a single practice. Int J Radiat Oncol Biol 
Phys 2000;48:111–7.

69.	 Crook J, Luka H, Klotz L, et al. Systematic overview of the evidence for 
brachytherapy in clinically localized prostate cancer. CMAJ 2001;164:975–81.

70.	 Crook J, McLean M, Catton C, et al. Factors influencing risk of acute urinary 
retention after TRUS-guided permanent prostate seed implantation. Int J 
Radiat Oncol Biol Phys 2002;52:453–60.

71.	 Zelefsky MJ, Wallner KE, Ling CC, et al. Comparison of the 5-year outcome 
and morbidity of three-dimensional conformal radiotherapy versus trans-
perineal permanent iodine-125 implantation for early-stage prostatic cancer. 
J Clin Oncol 1999;17:517–22.

72.	 Talcott JA, Clark JA, Stark PC, Mitchell SP. Long-term treatment related 
complications of brachytherapy for early prostate cancer: a survey of patients 
previously treated. J Urol 2001;166:494–9.

73.	 Crook J, Lukka H, Klotz L, et al. Genitourinary Cancer Disease Site Group of 
the Cancer Care Ontario Practice Guidelines Initiative. Systematic overview 
of the evidence for brachytherapy in clinically localized prostate cancer. 
CMAJ 2001;164:975–81.

74.	 Merrick GS, Wallner KE, Butler WM, Blasko JC. Permanent prostate brachy-
therapy: is supplemental external-beam radiation therapy necessary? Oncol-
ogy (Williston Park) 2006;20:514–22.

75.	 Albertsen PC, Hanley JA, Fine J. 20-year outcomes following conserva-
tive management of clinically localized prostate cancer. JAMA 2005;293: 
2095–101.

76.	 Albertsen PC, Hanley JA, Barrows GH, et al. Prostate cancer and the Will 
Rogers phenomenon. J Natl Cancer Inst 2005;97:1248–53.

77.	 Draisma G, Boer R, Otto SJ, et al. Lead times and overdetection due to  
prostate-specific antigen screening: estimates from the European Random-
ized Study of Screening for Prostate Cancer. J Natl Cancer Inst 2003;95: 
868–78.

78.	 Bill-Axelson A, Holmberg L, Ruutu M, et al; Scandinavian Prostate Cancer 
Group Study No. 4. Radical prostatectomy versus watchful waiting in early 
prostate cancer. N Engl J Med 2005;352:1977–84.

79.	 Steineck G, Helgesen F, Adolfsson J, et al; Scandinavian Prostatic Cancer 
Group Study Number 4. Quality of life after radical prostatectomy or watch-
ful waiting. N Engl J Med 2002;347:790–6.

80.	 Klotz L. Active surveillance for prostate cancer: for whom? J Clin Oncol 
2005;23:8165–9.

81.	 Loblaw DA, Choo R, Zhang L, et al. Updated follow-up of active surveillance 
with selected delayed intervention for localized prostate cancer [abstract]. Pre- 
sented at the 2006 Multidisciplinary Prostate Cancer Symposium; 2006 Feb 
24–26; San Francisco, CA. Available at www.asco.org. Accessed 18 Sep 2007.

Copyright 2008 by Turner White Communications Inc., Wayne, PA. All rights reserved.


