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INTRODUCTION
The primary management of genitourologic malignant diseases has been tied to the use of radiation for more than 100 years. In 1895 Roentgen described x-rays; by 1899 a patient with skin cancer was cured with radiation; and within 10 years, radiation was used to treat prostate cancer (Pasteau and Degrais, 1914). Radiotherapy became a mainstay for treatment of bladder and testicular cancers and later prostate cancer as supervoltage sources became available. Although chemotherapy and aggressive surgery have supplanted some of the uses of radiotherapy, radiation continues to play a major role in the management of carcinomas of the penis, urethra, prostate, and bladder. In this chapter we review general principles and the indications for using radiation as a component in the primary management of urologic malignant diseases. The role of radiation as an agent of palliation has been well documented elsewhere and is excluded from this chapter.

GENERAL PRINCIPLES OF RADIOTHERAPY
Mechanisms of Cytotoxicity
The effects of radiation on tumor and surrounding normal tissues are thought to be mediated primarily through the induction of unrepaired double-strand breaks in DNA. Excited electron species generated in the presence of oxygen form peroxide radicals, which fix chemical lesions and result in the generation of either repairable or nonrepairable DNA double-strand breaks. High linear energy transfer radiation (including neutrons and heavy-charged particles) is associated with less repairable DNA damage. Classically, the expression of radiation damage is not seen until the target cells enter mitosis. Differentiated normal tissues with low mitotic activity, such as the heart and spinal cord, tend to express the effects of radiation much later than cells from more kinetically active tissues, such as the epithelial cells lining the rectum, bladder, or urethra. However, differentiated normal tissues with low mitotic activity are more sensitive to the use of high dose per fraction or high linear energy transfer radiotherapy. In organs in which the functional stromal cells are postmitotic, such as muscle cells and neurons, the damage is expressed by slowly dividing support cells such as endothelial cells.

In addition to the classic mechanism described above, radiation has been shown to induce programmed cell death (apoptosis). Androgen-independent human prostate cancer cells activate a genetic program of apoptotic cell death in response to exposure to ionizing radiation, in a dose-dependent fashion (Sklar, 1993). Results from animal models suggest that it is better to achieve maximal androgen suppression before starting radiation treatment (Zietman, 2000).

Radiation Sensitivity  Tolerance
Radiation tolerance levels have been determined for nearby normal tissues that are likely to be affected during conventional fractionated radiotherapy treatment of tumors arising from the urinary tract. The term conventional fractionation generally refers to the delivery of a single daily dose of 180 cGy (1.8 Gy) to 200 cGy (2.0 Gy). When used alone, cumulative doses of at least 65 Gy are necessary for local control of gross disease (adenocarcinomas, transitional cell carcinomas [TCCs], and squamous carcinomas) arising from the prostate, bladder, urethra, or ureters. When used prophylactically for presumed microscopic disease (lymph nodes) or postoperatively, doses of 45-50 Gy are generally sufficient. For testicular seminomas, doses of 25 Gy are usually adequate.

Total dose, dose per fraction, and volume of normal tissue irradiated are the major risk factors for radiation-induced complications. The presence of several comorbid conditions such as previous surgery, diabetes, inflammatory bowel diseases, or old age is also associated with an increased risk of radiation-induced complications. Accurate estimates of the "true tolerance" of surrounding normal tissues have been hampered until recently by our inability to reconstruct the actual relationship between normal tissue doses and volumes in 3 dimensions. Early reports assumed that organ movement and day-to-day treatment setup error had an insignificant impact on the doses of radiation delivered to surrounding normal tissues. Recent studies have demonstrated that these assumptions are inaccurate and probably result in an underestimate of the true tolerance of surrounding normal tissues to radiation (Langen and Jones, 2001).

Dose per Fraction Considerations
Dose per fraction, the total dose, volume and overall treatment time are all critical determinants of chronic genitourinary toxicity. The linear quadratic equation (L-Q equation) has been adopted by many clinical investigators as the most useful model for comparing various doses and fractionation schemes (Fowler et al, 2001). This equation can be written as follows:

Effect = E = n (d + d), where d = Dose per fraction  = Nonrepairable effects  = Repairable effects n = Number of identical fractions 

For comparing two different fractionation schemes, assuming a similar overall treatment time, the L-Q equation also can be written as follows:

D2 / D1 = (1 + d1/)/(1 + d2 /) D = Total dose and D1 = n1d1 d = Dose/fraction 

For most clinical circumstances, it is assumed that the / ratio for late-reacting normal tissues such as the bladder or rectum is 3. For early-responding normal tissues and for tumor, it is assumed that the / ratio is 10.

Altered Fractionation Schedules
Radiobiologic modeling using the / ratios as described previously has been used to develop "altered fractionation schedules" to improve the therapeutic ratio between efficacy and toxicity. Accelerated hyperfractionation is the most frequently used altered fractionation schedule. With accelerated hyperfractionation, more than one treatment is given per day with a minimum of 6 hours between treatments, using a decreased dose per fraction. Since most radiation-induced damage is repaired within 6 hours, the use of multiple treatments per day in theory should allow greater doses of radiation to be given over a shorter period of time, reducing the opportunity for tumor repopulation. Using / modeling, the late effects predicted using 1.2 Gy fractions twice daily (separated by 6 hours) to 69.6 Gy would be expected to be equivalent to those using conventional fractionation to 58 Gy. In contrast, early-responding tissues such as the epithelium of the bladder would be expected to respond as though they had been treated with a dose of 65 Gy using conventional fractionation. This model predicts an increase in acute effects, including tumor response, but a decrease in late effects, such as fibrosis.

Clinical use of hyperfractionation schemes in the management of urologic tumors has been limited. Preliminary results with hyperfractionation for prostate tumors have been mixed. Acceptable toxicity was reported among the first 20 patients treated with 1.3 Gy twice daily to 78 Gy (Forman et al, 1996). Because of practical considerations (such as time and cost), there appears to be more interest in hypofractionated regimens than in hyperfractionated ones.

Hypofractionation involves the use of larger than conventional fraction sizes. Such an approach results in nearly a 10% reduction in the total dose to the tumor without sparing late complications (assuming that the values chosen for the / ratio are correct for normal tissues and for tumors) (Fowler et al, 2001). Several recent investigators have argued that the / ratio for prostate cancer is much lower than previously thought and that this formed a strong rationale for the use of high dose rate (HDR) to treat prostate cancer (Brenner and Hall, 1999; King and Fowler, 2001; Fowler et al, 2001). For patients being treated with external-beam radiotherapy (EBRT), a growing number of investigators are studying the use of larger doses per fraction in an attempt to shorten overall time and cost (Pickett et al, 1999). Because of day-to-day setup variation, some type of monitoring will probably be required to ensure that this can be carried out safely. A number of recent studies suggest that the use of hypofractionated regimens hold promise but the only Phase III Trial completed to date raises concerns about the selection of the most appropriate dose to yield equal or better outcomes (Kupelian et al, 2007; Lukka, 2003; Pollack et al, 2006; Tang et al, 2006).

Brachytherapy
The term brachytherapy refers to a treatment technique that places radioactive sources in close proximity to or directly into the tumor. Brachytherapy can be classified as either interstitial or intracavity. Interstitial brachytherapy involves the placement of radioactive needles, afterloaded needles or catheters, or radioactive seeds directly into the prostate, bladder, penis, or periurethral soft tissues. Intracavitary brachytherapy includes placement of radioactive catheters into a lumen or orifice, such as in the urethra, to treat urethral and penile tumors. Permanent implants involve the use of radioactive seeds that are left in the patient. Nowadays, temporary implants generally involve the use of needles or catheters that act as conduits for delivering radiation from high-activity seeds attached to a long wire. Most modern temporary implants are delivered using HDR brachytherapy systems to deliver moderately high doses of radiation over a relatively short period of time (minutes). HDR brachytherapy is usually delivered over 2 or more treatment sessions to reduce the risk of late complications. Low-dose rate brachytherapy is usually delivered in a continuous fashion over days to weeks via temporary or permanent implants, respectively. Figure 25-1 depicts an example of a transrectal ultrasound-based iodine-125 permanent interstitial implant of the prostate. Figure 25-2 shows an example of intracavitary brachytherapy for a urethral tumor in a female patient.

	



	Figure 25-1. Brachytherapy. Example of an ultrasound-guided permanent interstitial implant of the prostate.0 
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	Figure 25-2. Example of intraluminal brachytherapy for urethral cancer. (Reproduced with permission from Sailer SL, Shipley WU, Wang CC: Carcinoma of the female urethra: A review of results with radiation therapy. J Urol 1988; 140:1.)0 
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SPECIFIC UROLOGIC SITES
Prostate Cancer
Many urologists are aware that the radical perineal prostatectomy (RPP) approach was first used to completely remove the prostate in the 1800s (Bilroth, 1869). Unfortunately, the first 2 patients so treated died in 14 months or less. Few urologists are aware that radiotherapy was first used to successfully treat prostate cancer 100 years ago and that it was not until 1949 that Memmelaar first reported the successful use of the retropubic approachthe radical retropubic approach (RRP)for treatment of prostate cancer (Memmelaar, 1949; Reiner and Walsh, 1979). The basic RRP is very much unchanged since his description and is probably still the most common approach used today. In the 1950s and 1960s, it was believed that radiotherapy provided comparable results with less morbidity. However, in 1979 Walsh and Donker demonstrated the potential value of the RRP to preserve nerves (Walsh and Donker, 1982). Radical perineal prostatectomies became less fashionable in the 1980s after Walsh and others reported improvements in the RRP that promised to reduce blood loss, minimize the risk of incontinence, and preserve potency (Reiner and Walsh, 1979). With this advancement, the RRP became the surgical approach of choice in the eyes of most urologists.

A. Conventional Treatment
Conventional EBRT has been used in the United States for treating prostate cancer for more than 35 years. From the late 1960s through the mid-1980s, definitive prostate radiation was delivered to the whole pelvis by using the "4-field box" technique, followed by a "cone down" prostate boost, popularized by Bagshaw and coworkers from Stanford University (Bagshaw et al, 1988). The placement of the treatment fields was based on bony anatomic landmarks. It is now known that this technique resulted in inadequate coverage of the target volume in nearly one-third of patients. Computed tomography has improved our ability to localize and reconstruct pelvic anatomy, allowing more accurate design of treatment portals.

Several retrospective and prospective studies support the efficacy of radiation therapy in the management of localized prostate cancer (Roach et al, 1999). Based on these studies, the local control rate following EBRT has been estimated to be between 70% and 90%. The end points of these studies were based primarily on a clinical assessment of "local control." These end points are now known to underestimate the true incidence of local failures because of the presence of occult cancer in clinically controlled patients. Many patients whose disease was once thought to be controlled locally, according to physical examination, do in fact have persistent disease when assessed by prostate-specific antigen (PSA) or biopsy, or both (Crook et al, 2000). Although the posttreatment PSA is more sensitive, it is a less specific end point for treatment failure than is biopsy, because distant failures can contribute to a rising level. PSA has been long recognized as an acceptable end point for the assessment of disease status, but only recently has it been validated as a predictor of disease-specific survival (DSS) and overall survival (OS) (Roach et al, 2003b; 2006). Based on a Consensus Conference held in January 2005 it was determined that a rise of more than 2 ng/mL was strongly suggestive of recurrences that were subsequently associated with clinical signs and symptoms. The transition from using the so-called American Society of Therapeutic Radiology and Oncology (ASTRO definition) (Roach, 2006) was stimulated by the recognition that the use of androgen derivation therapy complicated a definition based on three rises because PSAs frequently rise after discontinuing ADT due to the recovery of testosterone (ASTRO, 1997).

Table 25-1 summarizes patient characteristics and treatment outcomes for selected surgical and conventional radiotherapy series. It should be kept in mind, however, that in general patients treated with surgery tend to have lower Gleason scores and T-stages, and many surgical series excluded lymph node-positive patients. When matched for pretreatment PSA, freedom from biochemical relapse at 5 years is not significantly different, suggesting similar efficacy for surgery and EBRT in the management of prostate cancer. There is a trend, however, for surgically treated patients to have a slightly higher freedom from biochemical failure. This could be explained in part by the better parameters for surgical patients at the outset.
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Table 25-1. Biochemical Failure from Selected Surgical or Radiotherapy Series.


	Pretreatment PSA
	Surgical Aver. % (range)*
	XRT Aver. % (range)+
	Surgical b-NED 5 y*
	XRT b-NED 5 y+
	Comment

	0-4
4.1-10
10-20
>20
	26 (15-43)
41 (35-52)
26 (16-32)
13 (6-20)
	21 (11-33)
30 (27-32)
21 (18-22)
35 (18-50)
	85-95
55-93
56

	80-86
42-67
30-75
45
	Patients treated with surgery usually were not node-positive and tended to have lower grade and lower stage tumors than those treated with XRT.

	Modified from Roach M, Wallner K: Prostate cancer. In: Leibel SA, Phillips TL (editors): Textbook of Radiation Oncology. Saunders, 1998. b-NED, no evidence of disease based on biochemical failure; PSA, prostate-specific antigen; XRT, external-beam radiotherapy.

	*Most series exclude node-positive patients and PSA failures >0.2-0.6.

	+Clinical staging includes only node-positive and T3-T4 patients and PSA failures >1.0-4.0 or rising.


Table 25-2 summarizes some of the factors contributing to the risk of local failure following external-beam irradiation. Traditional techniques used until recently were associated with inadequate coverage of the target volume in 20-41% of patients treated. Early series also routinely used total doses in the range of 65-70 Gy because it was believed that this dose was sufficient and close to the maximum dose allowable by the surrounding normal tissues. Another factor contributing to the data regarding biochemical relapse is that many of the patients had disease that was underestimated by physical examination, so they were incurable at the time of diagnosis.
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Table 25-2. Issues in Risk of Local Failure following External-Beam Irradiation.

	Explanations for the high local failure rate:

	1. Inadequate target definitions.

	a. Field sizes too small or inferior border too high.

	b. Seminal vesicles not covered.

	2. Inadequate doses of radiation.

	a. Doses limited by the belief that 65-70 Gy is sufficient for cure.

	b. Dose limited by technical difficulties and normal tissue tolerances.

	3. Understanding of patients: patients with metastatic disease.

	Solutions for the problems discussed:

	1. Adequate target definitions: field designed conformally using 3-dimensional reconstructions of CT-based tumor volumes and urethrograms.

	2. Adequate dose: higher doses of radiation to improve local control rate.

	3. Better prestaging of patients: use of pretreatment PSA and Gleason score.

	CT, computed tomography; PSA, prostate-specific antigen.


An analysis of the long-term results from approximately 1500 men treated with EBRT alone between 1980 and 1992 in one of four Phase III randomized trials conducted by the Radiation Therapy Oncology Group (RTOG) has been completed (Roach, 2000a). In a multivariate analysis, Gleason score, clinical stage, and pathologic node status were correlated with OS and DSS. By combining patient groups with similar risk for DSS, 4 distinct prognostic subgroups have been defined with varying risk of death due to prostate cancer. Table 25-3 summarizes the estimated 5-, 10-, and 15-year DSS for each subgroup. These outcome data are likely to represent a worst-case scenario, since the vast majority of these patients were treated before PSA screening. In addition, the patients for whom PSA levels were available had levels in the range of 20-30 ng/mL. Patients with lower PSAs treated with 3-dimensional technology to higher doses are likely to do substantially better (Roach et al, 2003b). Large multi-institutional series are now available for patients treated with EBRT and permanent seed implants as well (Kuban, 2003; Zelefsky, 2007).
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Table 25-3. Disease-Specific Survival by Risk Groups: Radiation Therapy Oncology Group Randomized Trials, Radiotherapy Alone (1975-1992).

	Group*
	Deaths/No.
	5-Year (%)+
	10-Year (%)+
	15-Year (%)+

	1
	63/474
	97 (95-99)
	85 (81-89)
	71 (61-81)

	2
	69/335
	91 (88-94)
	75 (69-81)
	59 (49-69)

	3
	89/336
	82 (78-86)
	60 (52-68)
	38 (21-55)

	4
	138/314
	66 (60-72)
	34 (26-42)
	28 (19-37)

	Modified from Roach M et al: Four prognostic groups predict long term survival from prostate cancer following radiotherapy alone in RT0G Clinical Trials. Int J Radiat Oncol Biol Phys 2000; 47(3):609.

	*Group 1 had patients with a Gleason score (GS) = 2-5, any T stage, or T1-2Nx and GS = 6; group 2 had stage T3Nx, GS = 6, or any T stage, N+, GS = 6, or T1-2Nx, Gs = 7; group 3 had T3Nx, GS = 7, or any T stage, N+, GS = 7, or T1-2Nx, GS = 8-10; group 4 had T3Nx, GS = 8-10, or any T stage, N+, GS = 8-10.

	+95% confidence intervals in parentheses.


Early attempts at developing risk stratification system to predict OS were validated using contemporary patients (Roach et al, 2003a). Since this approach, numerous other risk-stratification schemes have gained increasing popularity among radiation oncologists managing prostate cancer (D'Amico et al, 2000; Kattan et al, 2001; Kattan et al, 2000; Ross and Scardino, 2001). More recent classification schemes have emphasized more clinically meaningful endpoints than PSA recurrences alone (Roach et al, 2006). The application of such approaches may improve our ability to design and implement Phase III trials. Reasonable treatment guidelines using the most common risk-stratification systems and incorporating exceptions and considerations in selecting treatment options have become well established (Speight, 2005). In future it is anticipated that the staging system for prostate cancer will be modified to reflect these risk-stratification systems (Roach et al, 2007).

Regarding hormonal therapy and radiotherapy, there currently exists no uniform consensus as to who should receive hormonal therapy and how long it should last. However, the best evidence suggests that low-risk patients do not benefit, and when treated with EBRT at doses of 65-70 Gy intermediate-risk patients benefit from short-term hormonal therapy, and high-risk patients benefit from long-term hormonal therapy (Speight, 2005). The standard for "short-term" hormonal therapy consists of combined androgen blockade using a luteinizing hormone-releasing hormone agent and an anti-androgen for a duration of as few as 3 months to as long as 8 months, with little or no obvious advantage to OS for intermediate-risk patients confirmed to date (Roach, 2004). Patients with intermediate- to high-risk disease receiving hormonal therapy should probably also receive whole-pelvic radiotherapy to the L5/S1 level (Roach, 2006). Patients with high-risk disease (T3, GS 7-10 or GS = 8-10 or very high PSAs) should receive neoadjuvant and concurrent hormonal therapy, but they should also receive long-term adjuvant hormonal therapy consisting of a luteinizing hormone-releasing hormone for 2-3 years or more (Bolla et al, 2002; Hanks et al, 2003; Roach et al, 2000, 2003).

B. Three-Dimensional Conformal Radiotherapy (3DCRT) and Intensity Modulated Radiotherapy (IMRT)
The technical problems mentioned in Table 25-2 have been addressed in several centers by the use of computed tomography-assisted localization and reconstruction of the pelvic anatomy. Beginning in the early 1990s, 3DCRT began to be established as the new standard of care for treating clinically localized prostate cancer. This technology takes advantage of sophisticated imaging and computerized treatment planning software that allows high-dose radiation to conform to the target volume with greater sparing of the surrounding normal tissues. Figure 25-3 is an example of the dose distribution associated with the use of several different types of IMRT. IMRT is a more sophisticated form of 3DCRT that allows higher doses of radiation to be given with less toxicity (Zelefsky, 2002). Figures 25-4A demonstrates a digitally reconstructed radiograph (DRR) from the treatment planning computed tomography and Figures 25-4B is a lateral port (treatment) film. The advantages provided by using improved imaging modality and treatment planning have resulted in the adoption of 3DCRT and more recently IMRT by major centers as the new standard of care (Table 25-4) (Speight, 2005, 2007; Boyer, 2001).
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Table 25-4. 3DCRT and IMRT: Selected Major Prospective Trials.

	First Author (year)
	Institution(s)
	Type of Study
	Conclusions

	Dearnaley et al (1999)
	United Kingdom, Medical Research Council
	Prospective randomized phase III trial (n = 225)
	Less late GI and GU toxicity with 3D compared to non-3D, but only 64 Gy delivered and 3D technology used for only a portion of the treatment

	Pollack et al (2002b)
	MD Anderson
	Prospective randomized phase III trial (n = 305) T1-3 randomized: 70 vs. 78 Gy
	Patients with a PSA > 10 ng/mL benefited the most from the 78 Gy arm vs. 70 Gy (62% vs. 43%; P= .01). Rectal side effects were also greater with Grade 2 or higher toxicity rates at 6 years; rates were 12% and 26% for the 70 Gy and 78 Gy arms, respectively (P= .001).

	Zelefsky et al (2002)
	Memorial Sloan Kettering
	Phase I-II including more (n = 772) patients treated with IMRT
	After 81-86.4 Gy with IMRT, the 3-year risk of  late Grade 2 rectal or urinary toxicity was 4% and 15%. The 3-year PSA relapse-free rates for low, intermediate, and high-risk patients were 92%, 86%, and 81%.

	Ryu et al (2002)
	RTOG (Radiation Therapy Oncology Group) Multi-institutional
	Prospective phase I-II trial (n = 173)
	Feasible to treat safely to higher than conventional dose of 79.2 Gy in a multi-institutional setting

	3DCRT, three-dimensional conformal radiotherapy; IMRT, Intensity Modulated Radiotherapy.

	From Roach M, Hsu IC: Fifteen year minimum follow-up of prostate brachytherapy series: Comparing the past with the present. Urology 2000;56(3):439.


Although there appears to be no reduction in acute toxicity in patients treated with 3DCRT compared to those receiving conventional radiotherapy, chronic rectal toxicity was reduced in patients treated with conformal radiotherapy and appears to be lower with 3DCRT when the same dose is delivered (Dearnaley et al, 1999). When higher doses are given to the patients receiving 3DCRT, late complications may be increased if the technique used is not sophisticated enough to compensate for the higher doses used (Pollack et al, 2002b). Biochemical failure rates appear to be improved, but no significant difference in local control or OS has been seen so far, although the follow-up is relatively short. To date there have been six Phase III Trials addressing the issue of radiation dose. Despite a variety of approaches, doses, and differences in patient selection, a consistent pattern of outcomes supporting higher doses can be seen (Table 25-5). A much larger Phase III trial, being conducted by the RTOG (RTOG 0126), comparing results using 72.9 or 83.2 Gy for "intermediate" risk patients has recently closed to accrual. The results of this study will be available in a few years.
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Table 25-5. Major Phase III Randomized Trials Addressing the Issue of Dose of Radiation.


	First Author
	Trial Design
	Estimated Control Rate at 5 years Low-Dose Arm/High-Dose Arm
	T-Stages and PSA (Median)**
	Impact of Higher Doses of Radiation

	Pollack et al (2002)
	70 vs 78 Gy
	60/90%
	T1-3 7.8 ng/mL
	Improved PSA control rates and trend for reduced DM

	Sathya et al, 2005
	66 Gy EBRT versus 40 Gy EBRT + 35 Gy iridium192 boost
	~40/70%
	T2 and T3 19 ng/mL
	Better outcomes with iridium implant (higher biologic dose)

	Lukka et al, 2005
	66 Gy in 33 fractions versus 52.5 Gy in 20 fractions
	53/60%
	T1c to T2c 10.5 ng/mL
	Patients receiving lower doses did worse

	Zietman et al, 2005
	70 Gy versus 79 GyE (Protons)
	60/82%
	T1-2, PSA 6.3 ng/mL
	Improved PSA control rates, no difference in OS, CSS, DM

	Peeters et al, 2006
	68 versus 78 Gy
	64/74%
	T1-4 10-20 ng/mL
	Improved PSA control rates (not by Phoenix definition) no difference in OS, CSS, DM

	Dearnaley et al, 2007
	64*** versus 74 Gy***
	60/71%
	T1-3 12.8 ng/mL
	Improved PSA control rates, no difference in OS, CSS, DM

	*OS, overall survival, CSS, cause-specific survival, DM, distant metastasis.

	**Estimated from papers.

	***Neoadjuvant androgen deprivation therapy used on each arm.


C. Brachytherapy
Alternative forms of radiation for the treatment of prostate cancer are growing in popularity. The most common of these alternative forms of radiation is brachytherapy. The major theoretic advantage with this form of radiation is the ability to deliver a very high dose of radiation to a localized area with a decreased number of treatment visits. The use of modern-era imaging techniques for visualizing the placement of radioactive seeds has obviated the need for open surgical procedures. Transrectal ultrasound-guided closed techniques are currently the standard. Permanent implants involve a lower dose rate of delivery but a higher total dose. Temporary implants generally involve a lower total dose but at a higher dose rate; hence the term "high dose rate" brachytherapy. An example of an ultrasound-based iodine-125 permanent seed implant of the prostate, performed at our institution, is shown in Figure 25-1. The failure rates reported in several older studies (done in the late 1960s and 1970s) suggested that the permanent implants are less effective than EBRT. More recent series suggest that the results of permanent implants may be improved with the use of transrectal ultrasound, with long-term results equal to or better than other treatments (Blasko et al, 2002; Pickett et al, 2006).

At many centers, intermediate- and high-risk patients (groups 2, 3, and 4, Table 25-3) are treated with a combination of EBRT and interstitial implant with or without hormonal therapy. Some clinicians routinely add EBRT for all patients undergoing permanent seed implants (Critz et al, 2000). However, most brachytherapists agree that low-risk patients can be equally well treated without the additional cost or morbidity of EBRT (Frank et al, 2007; Potters et al, 2000; Robinson et al, 2002). Although proponents of prostate brachytherapy commonly believe that the morbidity associated with interstitial brachytherapy is less than that associated with 3DCRT, most recent studies suggest that acute morbidity is greater with permanent implants, whereas long-term morbidity tends to be similar.

Temporary implants have the advantage of decreasing radiation exposure to hospital personnel and greater flexibility because of the ability to compensate for less than optimal needle placement. Temporary implants tend to be used for patients with more advanced disease in part because they are usually combined with EBRT and because HDR can be used to cover disease that is thought to be outside the gland. Iridium-192 is the only widely used isotope for temporary prostate implants. Based on the available data, in the hands of experts, it appears that HDR represents an excellent treatment option.

D. Neutrons, Protons, and Heavy-Charged Particles
Eradication of tumor by radiation is believed to be dose dependent. Unfortunately, the dose beyond which no additional benefit is likely is unknown. Conformal treatment approaches have 3 interrelated goals: (1) more accurate tumor targeting, (2) the safe delivery of higher doses of radiation to the tumor, and (3) diminishing of the normal tissue toxicity associated with high-dose radiation. Particle beam radiation is an alternative form of EBRT. This class of radiation involves the use of heavy particles (eg, neutrons), charged particles (eg, protons), or heavy-charged particles (eg, neons). The theoretic advantage of proton-based radiotherapy is the potential for a more conformal dose distribution. The largest and most recently completed prospective randomized trial to date, addressing the use of proton beam radiotherapy, showed a significant improvement in biochemical control, but no obvious advantage to the outcomes that would be expected if conventional x-rays had been used (Zietman et al, 2005).

The attractiveness of neutron or carbon ion-based radiotherapy relates to the relative lack of oxygen dependence (Forman et al, 1996; Chuba, 1999). Heavy-charged particles (e.g. carbon ions) are thought to have the advantages of both neutrons and protons. Early studies using this technology have been encouraging, but the series are small, follow-up is relatively short, and this equipment has limited availability (Russell et al, 1994). Longer follow-up studies will be required to assess the impact of these alternative types of radiation on long-term survival.

E. Postoperative Radiotherapy
The objective of postoperative radiotherapy is to improve local-regional control by eliminating microscopic residual tumor in the surgical bed, periprostatic tissues, and regional lymph nodes. As such, there are several indications for the use of adjuvant radiation, including (1) positive surgical margins, (2) seminal vesicle involvement, (3) lymph node involvement, (4) extracapsular extension, (5) increasing PSA, and (6) biopsy-proven recurrence. The presence of any of these variables is associated with a higher incidence of local recurrence. Based on the results of two Phase III randomized trails, adjuvant, EBRT appears to reduce the incidence of local recurrence in patients with postsurgical microscopic residual tumor after radical prostatectomy (Bolla et al, 2005; Thompson et al, 2006). Patients who are treated before clinically manifesting a local recurrence appear to have improved disease-free survival, time to distant metastasis, freedom from biochemical relapse, and the need for androgen deprivation therapy (ADT) compared with patients undergoing salvage treatment. With the use of modern equipment and contemporary planning techniques, the incidence of complications is quite low. The addition of ADT with or without pelvic nodal postoperative radiotherapy may be of value in selected patients, but prospective randomized trials are needed to confirm this assertion supported by retrospective studies (Katz et al, 2003; Stephenson et al, 2004; Spiotto, 2007).

F. Complications of Radiotherapy for Prostate Cancer
Most patients experience urinary frequency and dysuria during the course of their treatment. In patients receiving whole-pelvic irradiation, mild diarrhea may develop, but moderate-to-severe late complications are similar (Roach, 2003a). Mild, self-limited rectal bleeding occurs in approximately 10% of patients and is dose and volume related. Urinary incontinence is usually associated with a history of a prior transurethral resection of the prostate. Hematuria and ureteral strictures occur in 2-10% of patients and are usually mild and self-limited. Fecal incontinence is uncommon, but rectal urgency due to reduction in rectal distensibility may occur in 10% of patients (Litwin, 1994). Loss of erectile function is the most worrisome, the most common, and the most permanent sequela of radiotherapy. Impotence is reported in 35-40% of patients who were potent before treatment. Sexual dysfunction may be slightly lower after brachytherapy than after EBRT (Robinson et al, 2002). However, most patients experience a decrease in the frequency and quality of intercourse, and most note a decrease in the volume of ejaculate. Potency diminishes further with time owing to aging and late radiation-induced normal tissue injury. Sparing proximal penile structures appears to be beneficial in reducing the risk of radiation-induced impotency (Roach et al, 2004; Merrick et al, 2002).

Acute urinary toxicity associated with brachytherapy is more common and longer lasting than that seen with 3DCRT. The incidence of strictures is also higher. Acute obstruction occurs in 2-20% of patients. Although incontinence is quite uncommon following radiotherapy, it can occur in up to 50% of patients if they have had a previous transurethral resection of the prostate. The frequency of rectal toxicity following brachytherapy is generally believed to be less than that with external beam treatment 3DCRT (Roach and Hsu, 2002).

	


	Figure 25-3. Example of the dose distribution associated with the use of several different types of IMRT.0 
[image: image10.png]




	


	Figure 25-4. Example of a 7-field conformal external-beam irradiation technique for the treatment of prostate cancer. A: A digitally reconstructed radiograph (DRR) from the treatment planning CT. B: A lateral port (treatment) film.0 
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NON-PROSTATE GENITOURINARY CANCERS
Urinary Tract Tumors
Urothelial cancers (UC) can occur along the entirety of the urinary tract, from the kidney to the urethra. Most occur in the bladder, though up to 5% of UC occur in the upper urinary tract. The majority of these involve the renal pelvis (Munoz, 2000). The role for radiation therapy in the management of UC varies by site, ranging from a palliative role, as in the management of renal cell cancers, to a joint role with surgery and chemotherapy, as in organ-sparing approaches for the management of muscle-invasive bladder cancer, to a primary, role as can be considered for the management of penile cancer. This section will review the common uses of EBRT and brachytherapy in the management of urinary tract malignancies.

Bladder Cancer
In the absence of durable local control, the natural history of bladder cancer is that of progressive growth and invasion with the eventual development of distant metastases. At diagnosis, the majority of patients (85%) with TCC of the bladder have superficial mucosal lesions (Ta, T1), however 70% of patients recur locally following transurethral resection of the bladder tumor (TURBT). About 50-65% of these patients will progress to muscle-invasive disease (Brake, 2000). The presence of TCC in situ is associated with a more aggressive natural history, with higher probability of recurrence and progression to muscle invasive disease (Wolf, 1994). The addition of intravesicle immunotherapy (Bacille Calmette-Guerin; BCG) or chemotherapy decreases the overall recurrence rate by approximately 30% compared with TURBT alone. Nonetheless, within the first 5 years, tumor progression is noted in 20-40% of patients despite this additional treatment (Smith, 1999; Soloway, 2002). The development of muscle invasion (T2-T4) is accompanied by a significant increase in the incidence of metastatic spread and cause-specific death. Unfortunately, more than half of the patients diagnosed with muscle-invasive TCC have disseminated disease, often occult, at diagnosis. Five-year survival rates of up to 60% are reported for early invasive lesions (T1/T2a, N0); however, rates fall to 40% for more advanced tumors (T2b/T4, N+). Late systemic disease recurrence, most frequently pulmonary metastases, with or without local recurrence accounts for the decline in survival (Stein, 2001; Dalbagni et al, 2001), emphasizing the importance of adjuvant cytotoxic chemotherapy in the management of TCC. Following decades of unsuccessful single and bimodality treatments, contemporary management plans utilize combinations of cytotoxic chemotherapy, radiotherapy, and/or surgery in an attempt to improve survival and if possible, achieve organ preservation.

A. EBRT Management of Bladder Cancer
EBRT has had no role in the management of in situ (Tis) or superficial (T1) bladder cancer. Recently, investigators at the University of Erlangen, Germany proposed a role for post-TURBT EBRT or EBRT with chemotherapy (EBRT/CT; cisplatin or carboplatin with 5-fluorouracil) for high-risk (T1G3, T1G1-2 associated with Tis, multifocality or tumor diameter >5 cm) or multiply recurrent superficial bladder cancers (Weiss, 2006). Eighty-eight percent of (121/137) patients treated with EBRT or EBRT/CT 4-6 weeks after initial TURBT were found to have a complete response (CR) at restaging TURBT. Patients not achieving a CR (16/137; 12%) were managed with immediate cystectomy. Five- and 10-year DSS and OS rates for patients with CR were 89% and 75%, and 79% and 53%, respectively. When the evaluation was limited to patients with T1G3 tumors, 5- and 10-year DSS and OS rates were 80% and 64% and 71% and 47%. These rates are comparable to those seen in primary cystectomy series in T1 bladder cancer (Amling, 1994; Freeman, 1995; Malkowicz, 1990). Of note, patients receiving EBRT/CT had significantly lower 5-year DSS rates than patients treated with EBRT only. These findings are provocative, however a randomized trial comparing EBRT or EBRT/CT with BCG will be necessary to fully investigate the utility of this organ-sparing approach. A Phase III randomized trial by Harland et al reported that adjuvant EBRT provided no benefit over observation alone for time to progression, progression-free survival or OS for T1G3 bladder tumors (Harland et al, 2007).

The primary use of EBRT has been in muscle-invasive TCC, however many oncologists have felt that the role for radiotherapy in the management of TCC has been limited. Surgical and medical oncologists typically recommend EBRT only for those patients who are medically unfit for or refuse cystectomy, or as palliation for locally advanced, unresectable tumors. Radical cystectomy remains the "gold standard" for the management of recurrent superficial and primary muscle-invasive TCC in the United States, despite the absence of robust evidence supporting its superiority. In fact, the "optimum" management approach remains undetermined.

In earlier studies, neither radiotherapy monotherapy or pre-cystectomy radiotherapy have shown DSS or OS benefits versus radical cystectomy (Huncharek, 1998). However, most of these studies had small sample sizes, compared pathologically and clinically staged patients, and used inadequate radiotherapy techniques by current standards. Radiotherapy monotherapy yields poorer local control rates, but comparable 5-year survival rates to radical cystectomy. For muscle-invasive TCC, three of four randomized trials comparing EBRT (50 Gy) plus immediate cystectomy versus primary EBRT (60 Gy) and delayed (salvage) cystectomy demonstrated equivalent long-term survival rates with either treatment; only one trial demonstrated a significant benefit associated with immediate cystectomy (Bloom, 1982; Miller, 1977; Sell, 1991). In addition, no significant difference in 5- and 10-year survival rates or rates of development of distant metastases is seen with delayed or salvage cystectomy (Horowich, 1995; Petrovich, 2001). The use of combined modality treatments to achieve organ preservation without compromising treatment outcome has become a management approach of choice for many malignancies, including breast, esophageal, laryngeal, and anorectal cancers. Demonstration of equivalent outcomes with salvage surgery has made organ preservation a reasonable and appropriate treatment choice for some patients with muscle-invasive TCC.

B. Combined Modality Management of Muscle-Invasive Bladder Cancer (Transurethral Bladder Resection, Chemotherapy, and EBRT) and Organ Preservation
Several prospective randomized trials evaluating combined modality therapy for bladder preservation have been completed. In general, each of the trials has followed a common bladder-preservation algorithm including maximal TURBT, followed by induction chemoradiation, and an assessment of treatment response. Individuals with clinically complete response continued with bladder-sparing therapy; all others were recommended for extirpative surgery. Completeness of TURBT (visibly complete versus not visibly complete) is associated with significantly lower salvage cystectomy rates. The key features of the contemporary bladder-sparing trials are summarized in Table 25-6.
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Table 25-6. Contemporary Combined Modality Bladder Preservation Trials.


	Series (yr)
	Induction Treatment*
	CR Rate**
	5-yr OS

	Shipley: RTOG 85-12 (1987)
	CDDP+EBRT
	66%
	52%

	Tester: RTOG 88-02 (1993) (Tester, 1993)
	MCV+ CDDP + EBRT
	75%
	51%

	Sauer et al (1998)
	CDDP/Carbo + EBRT
	71%
	56%

	Shipley: RTOG 89-03 (1998) (Shipley, 1998)
	+/ neoadj MCV then CDDP+EBRT
	59%
	49%

	Kaufman: RTOG 95-06 (2000) (Kaufman, 2000)
	5FU+CDDP+EBRT
	67%
	 

	Arias (2000)
	Neoadj MVAC then CDDP + EBRT
	68%
	48%

	Hussain: SWOG (2001) (Hussain, 2001)
	CDDP + 5FU + EBRT
	 
	45%

	Rodel: Erlangen
	CDDP/Carbo + EBRT
	72%
	50%

	(2002) (Rodel, 2002)
	 
	 
	 

	Hagan: RTOG 97-06 (2003) (Hagan, 2003)
	CDDP + bid EBRT
	74%
	 

	Kaufman: RTOG 99-06 (2005)
	TAX + CDDP + bid EBRT
	87%
	N/A

	RTOG 0223
	TAX +CDDP + bid EBRT vs 5FU + CDDP + bid EBRT
	N/A
	N/A

	RTOG 0524
	PAX +TMaB +EBRT vs PAX + EBRT
	N/A
	N/A

	*All patients underwent TURBT before induction treatment.

	**Complete response rate at time of post-induction cystoscopy.

	CR rate, complete response rate; OS, overall survival; RTOG, Radiation Therapy Oncology Group; CDDP, cisplatin; EBRT, external beam radiotherapy; neoadj, neoadjuvant; MCV, methotrexate, cisplatin, vinblastine; 5FU, 5-fluorouracil; TAX, Taxotere; bid EBRT, twice daily EBRT; GEM, gemcitabine; MVAC, methotrexate, vinblastine, Adriamycin, cisplatin; Carbo, carboplatin; Pax, paclitaxel; TMaB, trastuzumab.


As a body of work, nearly 1000 patients have been enrolled on these trials. Various cytotoxic agents have been evaluated for efficacy and safety when administered with EBRT. The timing of chemotherapy delivery has also been addressed. Concurrent chemoradiation schedules offer higher complete response rates compared with sequential administration (Shipley, 1998; 2005). Combinations of cisplatin-based chemotherapy with 5-fluorouracil (5-FU), Paclitaxel, or gemcitabine appear well suited for multimodality treatment for tolerability, radiosensitizing, and complementary cell-killing effects (Kaufman, 2000; von der Maase, 2005). Cisplatinum-based chemotherapy regimens administered concurrently with EBRT were well tolerated and resulted in a significant increase in freedom from distant metastases and OS. However, additional cycles of neoadjuvant chemotherapy were found not beneficial with regard to complete response rates, metastasis-free or overall survival, and were associated with higher morbidity and mortality (Tester, 1993; Shipley, 1998). Gemcitabine and the taxanes have also demonstrated significant single-agent activity against TCC. Assessment of whether or not concurrent administration of these agents with EBRT will yield acceptable toxicity and improved outcomes is on-going. Preliminary data is promising, with 87% CR rates and acceptable toxicity with cisplatin and paclitaxel (Kaufman, 2000).

For patients achieving a complete response to the induction phase of treatment, this approach, followed by consolidation chemotherapy, yields long-term disease-free, overall, and metastases-free survival rates equivalent to those achieved with radical cystectomy. Five-year survival rates range from 50% to 62%, with nearly two-thirds of the surviving patients maintaining a well-functioning bladder. The incidence of cystectomy performed for palliation of treatment-related morbidity is low (Zeitman, 2001). Overall survival and metastases-free survival rates realized from these organ-preserving strategies approximate those achieved with primary radical cystectomy (Zeitman 2000; Nichols et al, 2000; Stein, 2001), suggesting that overall survival is driven by the presence or absence of occult distant disease at diagnosis. Limited overall survival, driven by high rates of distant metastases highlights the need to optimize systemic therapy and better select for patients who are likely to benefit from local treatment.

Several studies have evaluated epidermal growth factor receptor (EGFR) and Her-2/neu expression in bladder cancer. Immunohistochemical staining has revealed Her-2/neu over expression in 40-80% of tumors. Data regarding the relationship between expression and treatment response and outcome are conflicting. One report evaluated the use of EGFR and/or Her-2 with chemotherapy and radiotherapy resistance and treatment outcomes (Chakravarti et al, 2005). EGFR expression appears to be a favorable prognostic factor for muscle-invasive TCC, and correlates with significantly higher absolute and disease-specific survival (p=0.044 and p=0.42, respectively). A trend toward decreased incidence of distant metastases was also associated with EGFR expression. Her-2 expression was significantly correlated with reduced response rates to chemoradiation. Unlike other studies, p53, p16 had no prognostic significance (del Muro, 2004). In vitro, a synergistic effect between EGFR and ionizing radiation has been shown to increase apoptosis when compared to EGFR alone (Maddineni et al, 2005). The potential diagnostic and therapeutic implications of these findings remain to be clarified.

Following chemoradiation, residual tumor will be found in 20-30% of patients at restaging cystoscopy and TURBT. In addition, 20-30% of patients who achieve a complete response develop a new or recurrent TCC. Typically, half of these tumors are superficial and half are muscle invasive. Persistent and superficial recurrences of TCC are successfully managed with TURBT with or without intravesical chemotherapy. Treatment outcomes for patients with superficial recurrences are comparable to those for patients who achieve a complete response. Invasive recurrences are managed with prompt cystectomy. Salvage surgery is not associated with compromised in overall survival (Rodel, 2002; Dunst et al, 2001; Zeitman, 2001). Although no difference in overall survival is seen in patients who subsequently develop a superficial disease relapse, the 5-year survival rate is less for patients with a native bladder than for patients who do not develop a recurrence.

C. Improving Treatment Outcomes
It appears that an EBRT dose-response relationship exists for TCC. The ability to deliver higher radiotherapy doses requires sophisticated treatment planning and delivery techniques that can spare the small bowel and rectum. Anatomy-based, image-guided EBRT has multiple goals including accurate tumor targeting, the ability to safely deliver higher radiation doses, and minimizing normal tissue toxicity. The importance of image-guided conformal EBRT has been discussed in the section on prostate cancer. Here again, treatment precision including accommodation for organ motion and patient positioning is particularly important. As with prostate and other pelvic malignancies, external pressure from surrounding bowel and rectum as well as changes in the volume of urine within the bladder, lead to considerable variation in the position of the bladder (Pos et al, 2003; Langen, 2001). Fiducial marker placement and real-time imaging has been used and appears promising (Shimizu, 2000). For bladder-sparing treatment of TCC, this also preserves the option for later creation of continent diversions for patients who have an incomplete response to induction chemoradiation.

Other approaches to dose intensification include brachytherapy and altered fractionation regimens. Select European centers have used interstitial brachytherapy, usually in addition to EBRT, to treat TCC with reported local control rates of 70-90%, excellent preservation of bladder function, and low treatment-related toxicity. However in the absence of randomized prospective trials comparing treatment outcome and toxicity, interstitial brachytherapy cannot be considered a standard of care for TCC. As discussed in the section on general principles of radiotherapy, dose escalation via altered fractionation schedules (Housset et al, 1993; Hagan, 2003; Sangar et al, 2005; Kaufman, 2000) enhances the therapeutic ratio by delivering a higher effective radiotherapy dose. Aggressive dose-intensified regimens yield higher complete response rates though at the cost of moderate severe toxicity. Longer follow-up data is needed to comprehensively assess efficacy and safety.

Bladder preservation therapy provides an alternative treatment option for select patients with invasive TCC, without compromised survival. Patient selection for bladder-sparing approaches is of prime importance. Only those patients that would be suitable primary surgical candidates should be considered for this approach, since salvage cystectomy may be indicated. The optimal regimen of combined radiotherapy and chemotherapy remains to be determined.

D. Toxicity of Radiotherapy Treatment for Bladder Cancer
Treatment-related toxicities during and after chemoradiation primarily effect the bladder, rectum, and small bowel. Acute enteritis and cystitis are frequent complaints occurring in the majority of patients. There are usually mild and are managed symptomatically. Severe marrow-related toxicity is reported in 10% of organ-preservation patients. Rates of chronic bladder dysfunction of up to 10% have been reported, but symptomatic reduction of the bladder capacity is rare. Chronic, moderately severe rectal and small-bowel injuries are reported in 3-4% and 1-2%, respectively. Mortality rates are 1% (Chao, 1995). With wider use of conformal radiotherapy techniques, continued declines in toxicity may be anticipated.

CANCERS OF THE KIDNEY, RENAL PELVIS,  URETER
EBRT has had limited use in the management of primary renal cell adenocarcinoma. In vivo and in vitro experiments have demonstrated variable though low radiosensitivity to conventionally fractionated EBRT (Ning et al, 1997). Randomized trials have failed to show a survival or relapse-free survival benefit from preoperative or postoperative radiotherapy (van der werf Messing, 1981; van der werf Messing, 1973; Juusela et al, 1977; Finney, 1973; Kjaer, 1987). More contemporary retrospective studies with better patient selection and using contemporary EBRT techniques have suggested a benefit of postoperative EBRT in select patients with a high-risk of local-regional failure (T3a and T3c) (Makarewicz, 1998; Kao et al, 1994; Stein, 1992). Similarly, scant data exists supporting a benefit from EBRT for renal pelvis or ureteral carcinoma. Some studies have shown a local control benefit from post-nephroureterectomy irradiation in T3-T4, N0 or node-positive patients (Maulard-Durdux et al, 1996; Cozad, 1992, 1995).

A role exists for palliative EBRT for metastatic renal cell renal pelvis and ureteral carcinomas. Palliative radiotherapy is effective at relieving pain from bone metastases, palliation of neurologic sequelae from brain metastases, spinal cord and nerve root compression, or invasion (Sheehan et al, 2003; Huguenin et al, 1998; Onufrey and Mohiuddin, 1985; Wronski et al, 1997).

URETHRAL CANCERS
Introduction
Primary urethral cancers are very rare in both men and women. The National Cancer Institute Surveillance, Epidemiology and End Results (SEER) database in the United States identified only 1615 cases in the time period between 1973 and 2002 (www.seer.cancer.gov). As a result, knowledge regarding risk factors is extremely limited and no consensus exists regarding optimal management. Squamous cell histologies appear to be the most common followed by adenocarcinoma and TCC. Distal or anterior lesions appear to have a more favorable prognosis than proximal or posterior lesions.

Cancer of the Female Urethra
Urethral adenocarcinoma comprises 0.003% of urogenital tract cancers in women (Meis, 1987). The treatment strategy for each patient is largely based upon tumor size and location; however, prognosis remains relatively poor, regardless of treatment approach.

Surgical excision has been used for small lesions of the distal urethra with limited success (Bracken, 1976). Both EBRT and brachytherapy are alternatives to surgical resection of early-stage urethral cancers 1 cm in size. For larger lesions, or lesions that extend into surrounding structures, preoperative EBRT radiation to the inguinal, external iliac, and hypogastric nodes is recommended (Grigsby, 1998b). Doses of 45-50 Gy are delivered to clinically uninvolved nodes, with an additional 10-15 Gy boost to any involved nodes. A total dose of 60-70 Gy is delivered to the tumor through reduced fields.

Tumors involving the posterior urethra often involve the bladder and have a high incidence of nodal involvement. Locally advanced tumors may be managed with preoperative radiotherapy and exenteration. If feasible, early lesions may be treated with surgical resection and postoperative EBRT or EBRT alone. Local control rates of 20-30% and correspondingly low 5-year survival rates are noted (Grigsby, 1998b). Preoperative EBRT doses are typically in the range of 45-50 Gy. Definitive and postoperative doses deliver 45-50 Gy to the pelvis and clinically uninvolved nodes, with an additional 10-15 Gy boost to involved nodes. A total dose of 60 Gy is delivered to the entire surface of the vaginal mucosa and brachytherapy is employed to deliver a final dose of 70-80 Gy (Grigsby, 1998a) to the primary tumor.

Urethral strictures are the most frequently reported complication of radiotherapy treatment. Urinary incontinence, cystitis, and vaginal atrophy and stenosis may also occur. Fistulas and small-bowel obstruction due to radiation or tumor necrosis are uncommon.

Cancer of the Penis  Male Urethra
Surgery has been the primary management choice for penile cancer. Although quite effective, neither a partial nor a total penectomy is a desirable therapeutic choice. Because of the rarity of penile cancer, no randomized trials comparing various treatment options have been or are likely to be completed. High success rates achievable with surgical salvage have made possible attempts at organ preservation with the use of radiation alone. Similarly, the relative paucity of cases has precluded the development of standardized radiotherapy management; a minimum dose of 60-65 Gy is needed for control of the primary tumor. Careful patient selection is important, with optimal candidates described as having distal, well to moderately well-differentiated tumors that are 4 cm in diameter.

Both EBRT and interstitial brachytherapy may be used to treat penile lesions. If not previously performed, circumcision is required prior to radiotherapy treatment. Small superficial lesions of the glans and distal shaft may be treated with orthovoltage or low-energy electron beams. Larger, invasive lesions of the penis, penile urethra, and bulbous urethra are managed with EBRT alone or EBRT followed by an interstitial brachytherapy boost. Brachytherapy is required to achieve doses to the primary >65 Gy. Prophylactic irradiation of the bilateral inguinal and pelvic lymph nodes to 45-50 Gy accompanies management of all but the most superficial primary lesions. Palpable and clinically suspicious nodes receive 65-70 Gy. Local failure rates of 15-37% have been reported (Sarin et al, 1997; Rozan, 1995). Lesions of the prostatic urethra are managed in a manner similar to that of prostate cancer.

The high risk of systemic failure associated with urethral tumors results in 5-year survival rates of 55% and 15% for distal and proximal urethral tumors, respectively (Heysek et al, 1985). Neoadjuvant chemotherapy and radiotherapy, with surgery reserved for salvage, is one strategy for more advanced lesions (Husein, Benedetto and Sridhar, 1990; Eisenberger, 1992). Regarding treatment toxicity, acute, transient sequelae include brisk, moist desquamation of the skin of the penis, urinary frequency, urgency, dysuria, nocturia, and intermittent diarrhea. The risk of soft tissue necrosis, fibrosis, and phimosis are dose-limiting sequelae for penile irradiation. Urethral or meatal stricture or both are the most common complication of penile and urethral irradiation and are dose and technique dependent. Symptomatic strictures are managed with urethral dilation, with urethrotomy reserved for severe cases. Although sexual activity is almost uniformly interrupted during the course of treatment, most patients maintain full or slightly diminished potency after radiotherapy (Opjordsmoen and Fossa, 1994).

TESTICLE TUMORS
Introduction
Testicular cancer is the most common malignancy in men aged 15-34 years. For unknown reasons, the incidence of testicular carcinoma has been increasing worldwide, with the greatest increases seen in seminoma. Testicular cancer remains one of the most curable cancers with 5-year relative survival rates of 96-99% for non-metastatic cases. EBRT has played a primary role in the management of pure seminoma germ cell tumors (GCTs) of the testicles, but predominantly an adjuvant or palliative role in management of nonseminomatous GCT (NSGCT). Furthermore, EBRT has a limited role as palliative therapy in disseminated NSGCT, since patients with brain metastases may still be cured with chemotherapy.

Germ Cell Tumors
Seminoma accounts for 40% of testicular GCTs and occurs in slightly older men (median age, 33 years) than does nonseminoma testicular GCT. Nonseminoma GCTs (embryonal carcinoma, teratoma, choriocarcinoma, yolk sac tumor, and mixed GCT) comprise the remaining 60% of testicular tumors, peak at a slightly younger age (median age, 27 years), and are associated with elevations in -hCG or alpha fetoprotein or both in 80% of cases. Radical inguinal orchiectomy with high ligation of the spermatic cord remains the therapeutic mainstay for pure seminomatous GCT, followed by surveillance, radiotherapy, or chemotherapy.

Adjuvant radiotherapy has been used to reduce the risk of local and regional recurrence in ipsilateral pelvic and para-aortic lymph nodes. Figure 25-5 shows the incidence and location of nodal metastases in early-stage left- and right-sided testicular tumors. The classic prophylactic post-orchiectomy EBRT portal used to reduce the incidence of ipsilateral pelvic and para-aortic nodal recurrences is shown in Figures 25-6B. The exquisite radiosensitivity of pure seminoma has permitted progressive reduction in the radiotherapy dose used to treat seminoma, without a reduction relapse-free survival rates (Jones et al, 2005; Gurkaynak et al, 2003; Niewald et al, 1995). The role for EBRT in the management of pure seminoma has changed greatly over the past 3-5 years. Since equivalent disease-specific and overall survival rates may be achieved with adjuvant EBRT or surveillance for stage I seminoma (pT1-3, N0, M0, S0), in addition to the absence of treatment-related sequelae and the risk of secondary malignancy (Huyge, 2004; Zagars, 2004: Travis, 1997; Chao, 1995), surveillance has become a preferred approach for many centers (Choo et al, 2005; Warde, 1995, 2002, 1997; Miki et al, 1998).

Investigators at Princess Margaret Hospital (PMH) noted 80-85%, 5-year relapse-free rate (RFR) for stage I patients participating in an active surveillance protocol, compared with those undergoing adjuvant EBRT (95-99%) (Warde, 2005). Comparable 5-year cause-specific survival rates were achieved with EBRT salvage following surveillance and post-orchiectomy EBRT, 99.8% and 100%, respectively. The 10-year actuarial risk of requiring chemotherapy salvage was not significantly increased with surveillance.

The primary site of relapse in the surveillance population was isolated para-aortic lymph nodes (89%). Only 10% of relapses involved pelvic nodal regions. Seventy percent of relapses following prophylactic para-aortic and pelvic nodal EBRT were also in supra-diaphragmatic locations. These findings prompted their conclusion that surveillance should be the standard of care in stage I seminoma (Warde, 2005). However, until recently, surveillance had not been widely accepted as a management standard. A pattern of care study evaluating treatment practices at hospital centers in Canada and the United States showed significant variations in practice patterns (Choo et al, 2002). In addition, not all patients choose post-orchiectomy observation, nor are all patients suitable candidates for surveillance protocols. Patients who are not compliant and patients with pathologic features, which are associated with significantly higher recurrence rates including tumors >4 cm, rete testis invasion, lymphovascular space invasion, and age  33 years may not be ideal candidates for surveillance (Richie, 2003; Parker et al, 2002; Warde, 1997, 2002). Additional considerations are the long-term side effects of frequent radiographic examinations over several years and the cost associated with surveillance. A summary of surveillance guidelines for stage I testicular seminoma is shown in Table 25-7.
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Table 25-7. Surveillance Guidelines for Stage I Testicular Seminoma.

	Every 3-4 months, years 1-3**


	History and physical

	Serum AFP, beta-hCG, LDH


	Every 3-4 months, years 1-10


	Abdominal/pelvic CT scan


	Every 6 months years 1-10


	Chest x-ray


	**After year 3 the frequency changes to every 6 months until year 7 and then annually.

	AFP, alpha fetoprotein; hCG, human chorionic gonadotrophin; LDH, lactate dehydrogenase.


The pattern of recurrence following surveillance and prophylactic EBRT spurred investigations of use of smaller treatment fields, targeting the para-aortic nodes and omitting treatment of the pelvic nodes (limited-field irradiation; Figures 25-6A), including a randomized trial by the Medical Research Council (MRC). Relapse-free survival rates using limited-field EBRT were equivalent to those seen with classic "dog-leg" irradiation, and hematologic, gastrointestinal, and gonadal toxicity were reduced. Pelvic nodal recurrences, however, were higher with limited-field EBRT (Niazi et al, 2005; Rowland et al, 2005; Fossa et al, 1999; Kiricuta, Sauer, and Bohndort, 1996; Logue et al, 2003; Sultanem, 1998). Patients who elect limited-field EBRT should have pelvic surveillance for a minimum of 10 years as a component of their treatment plan. Pelvic nodal recurrences are readily salvaged with EBRT or chemotherapy (Power et al, 2005). In addition to the benefit of reduced treatment portals, it is reasonable to assume that increased use of IMRT will lead to further reductions in EBRT-related toxicity.

The greatest change in the management of stage I seminoma has been the use single agent carboplatin. Five Phase II trials conducted in Europe assessed relapse-free survival rates with two cycles of post-orchiectomy, adjuvant carboplatin. With follow-up ranging from 14-74 months, relapse rates were 1% and there was 5% grade three to four hematologic toxicity. The MRC conducted a prospective Phase III trial that randomized men with stage I seminoma to 20-30 Gy limited-field (para-aortic nodal) or large-field (pelvis and para-aortic nodal irradiation) EBRT or one cycle of adjuvant carboplatin (AUCx7) (Oliver et al, 2004; Oliver et al, 2005; Reiter et al, 2001; Dieckmann et al, 2000; Krege et al, 1997; Germa-Lluch et al, 2002). At 4 years median follow-up, the results indicated that single-cycle carboplatin was non-inferior to prophylactic nodal irradiation; relapse-free survival rates were equivalent, patients receiving carboplatin were less likely to take time off from work and significantly fewer secondary tumors were reported.

With an absence of consensus regarding treatment for stage I seminoma, the Spanish Germ Cell Cooperative group developed a risk-adapted management strategy (Figure 25-7) (Aparicio et al, 2005). In January 2007, the NCCN published new practice guidelines for the management of testicular seminoma (http://www.nccn.org) incorporating the data from the contemporary seminoma trials. The impetus for these treatment recommendations appears to be the judicious use of adjuvant therapy in patients with significant risk of disease relapse. In so doing the late toxicities associated with chemotherapy and radiotherapy may be reduced or avoided.

The use for adjuvant post-orchiectomy EBRT in stage II seminoma (pT1-3, N1-3, M0, S0-1) is determined by the bulk of the retroperitoneal lymphadenopathy. Stage IIA (single or multiple nodes all  2 cm) and IIB (single or multiple nodes 2-5 cm) patients are successfully treated with EBRT directed to the para-aortic and ipsilateral pelvic lymph nodes, using the so called "hockey stick" or "dog-leg" fields (Figures 25-6B). Doses of 20-30 Gy to the pelvis and para-aortic nodes followed by a 5-10-Gy boost to bulky nodes yield 5-year and 10-year relapse-free, cause-specific, and overall survival rates of 85%, 94%, and 93%, respectively (Rowland et al, 2005; Chung et al, 2004; Classen et al, 2003; Warde, 1998). Heterogeneity within clinical stages IIA and IIB seminoma due to the presence of one versus multiple nodal masses has led to the suggested use of single agent carboplatin with EBRT, particularly for stage IIB (Patterson, et al. 2001). Patients with bulky retroperitoneal nodal disease (5 cm, IIC) have high rates of distant relapse. Standard of care is three cycles of cisplatin-etoposide and bleomycin (PEB) or four cycles of etoposide and cisplatinum, followed by surveillance. Residual disease 3 cm may be closely observed, treated with radiotherapy, or surgically resected. Masses 3 cm should be resected. Prophylactic mediastinal irradiation for stage II seminoma has long been abandoned. Supradiaphragmatic recurrence rates approximate 3% and may be successfully salvaged with multiagent chemotherapy. EBRT has no role in the primary management of stages IIC, III, and IV seminoma.

A. Toxicity from Radiotherapy Treatment of Testicular Seminoma
Treatment-related toxicity associated with pelvic and para-aortic EBRT are primarily gastrointestinal in nature and can be easily managed. The most common sequelae may include nausea, diarrhea, rectal urgency, peptic ulcer disease, GERD, and transient reduction in spermatogenesis (Garcia-Serra et al, 2005; Joos et al, 1997). It has been estimated that 50% or more of the men diagnosed with testicular cancer have impaired spermatogenesis at the time of diagnosis, complicating precise characterization of EBRT effects on fertility (Fossa et al, 1986; Gordon et al, 1997; Pasquolotto, 2003). The severity and duration of oligospermia appears to be dose related and testicular scatter doses are thought to be responsible for fertility disturbances. Radiation-related disturbances in spermatogenesis can be minimized by maintaining scatter doses to 20 cGy and the use of smaller treatment fields (Joos et al, 1997; Melchior et al, 2001). This is readily achieved with contemporary treatment approaches. Patients treated with post-orchiectomy EBRT have >50% chance of regaining normal spermatogenesis and all patients regain at least some spermatogenesis, usually within 1-2 years after treatment completion (Gordon et al, 1997; Nalesnik et al, 2004). The existence of severe disturbances in spermatogenesis late in the post-EBRT course probably result from impaired pretreatment sperm cell production and less so the impact of scatter radiation on the remaining testicle.

A small but measurable increase in the risk of second malignancies after a 10-20-year latent period has been reported (Travis, 1997; Zagars, 2004; Hughes et al, 2003). In some reports however, the overall observed incidence of second nonseminomatous malignancy was not significantly increased when compared with the expected incidence (Chao, 1995; Travis, 1997).

	


	Figure 25-5. A: Incidence and location of lymph nodes at risk for an early-stage left-sided testicular seminoma. B: Incidence and location of lymph nodes at risk for an early-stage right-sided testicular seminoma. (Adapted from Donohue JP et al: Distribution of nodal nets in nonseminomatous testis cancer. J Urol 1982;126:315.)0 
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	Figure 25-6. A: Para-aortic treatment field ("limited-field") for prophylactic nodal irradiation for stage I testicular seminoma. B: Pelvic and para-aortic treatment field ("hockey stick or dog-leg") for prophylactic nodal irradiation for stage I testicular seminoma.0 
[image: image18.png]





	


	Figure 25-7. Risk-adapted strategy for the management of stage I seminoma.0 
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SUMMARY
Therapeutic radiation has an extensive history in the management of genitourinary (GU) malignancies. Major advances have been made in its use, particularly for prostate cancer, muscle-invasive TCC of the bladder and testicular seminoma, and a continued role for radiation therapy in the multidisciplinary management of genitourinary malignancies seems certain. Overall treatment outcomes continue to improve, accompanied by diminishing rates of toxicity. With continued technologic development, including the use of adaptive radiotherapy, the discovery and application of novel treatment agents, and the combined efforts of each discipline within urologic oncology, patients with GU tumors have greater opportunities to become and remain disease free.
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