Chapter 19. Chemotherapy of Urologic Tumors - Eric J. Small, MD
INTRODUCTION
The use of chemotherapy in the treatment of malignant tumors of the genitourinary system serves as a paradigm for a multidisciplinary approach to cancer. The careful integration of surgical and chemotherapeutic treatments has resulted in impressive advances in the management of urologic cancer. By definition, surgical interventions are directed at local management of urologic tumors, whereas chemotherapy and biologic therapy are systemic in nature. While there is no question that there are times in the natural history of genitourinary tumor when only one therapeutic method is required, a multidisciplinary approach is always called for. This chapter details the importance of a joint surgical-medical approach to patients with urologic cancer. A practicing urologist should collaborate closely with a medical oncologist and should feel comfortable speaking with patients about the uses, risks, and benefits of chemotherapy.

PRINCIPLES OF SYSTEMIC THERAPY
A. Clinical Uses of Chemotherapy
Systemic therapy is indicated in the treatment of disseminated cancer when either cure or palliation is the goal. Additionally, chemotherapy may be used as part of a multimodality treatment plan in an effort to improve both local and distant control of the tumor. An understanding of the goals and limitations of systemic therapy in each of these settings is essential to its effective use.

1. Curative intent of metastatic disease In considering the role of potentially curative chemotherapy in patients with metastatic disease, several factors must be taken into account. The first is the responsiveness of the tumor. Responsiveness is generally defined by the observed partial, complete, and overall responses. It is important to note that a complete response implies complete resolution of abnormal serum tumor markers, if any, and complete radiographic resolution of any abnormalities. This makes the assessment of neoplasms with frequent bony metastases such as prostate cancer, renal cell carcinoma, and transitional cell carcinoma difficult, as a persistently abnormal bone scan does not necessarily imply residual cancer. Patients in whom the only site of disease is bone generally must be considered non-assessable by conventional measures, and if available, intermediate markers of response (such as prostate-specific antigen [PSA]) are required.

If cure is the intent with systemic therapy, the relevant response criterion to consider is the percentage of patients achieving a complete response. This number is less than 10% in patients with metastatic renal cell carcinoma and hormone-refractory prostate cancer, 25% or less in patients with metastatic transitional cell carcinoma, and up to 80% in patients with metastatic germ cell malignancies. Under some circumstances, however (for example, in postchemotherapy residual masses in patients with germ cell carcinoma), an apparent partial response can be converted into a complete response with judicious resection (see Section A.3.)

The second feature to consider in treating patients with potentially curative systemic therapy is the anticipated toxicity of such therapy. In general, higher levels of toxicity are acceptable if a cure can be achieved, although care must be exercised to avoid a "cure worse than the disease." This is particularly true in the case of fairly toxic therapies such as interleukin-2 or bone marrow transplantation. These treatments can result in apparent cures of approximately 10% and 30%, respectively, of patients with metastatic renal cell carcinoma or refractory germ cell tumors (GCT). Patients undergoing these rigorous therapies must be carefully selected and must be as fully informed as possible about potential toxicities.

2. Treatment of patients with incurable metastatic cancer When the goal of systemic therapy is palliation of symptoms rather than cure, the toxicity of the treatment to be offered must be balanced against the cancer-related symptoms the patient is experiencing, and in general, more toxic therapies are not indicated. Nonetheless, an understanding of the potential capabilities of systemic therapy must be understood because even in otherwise incurable disease there may be a role for systemic therapy if there is a likelihood that the patient's life can be prolonged with its use. In addition, systemic chemotherapy can be associated with a control of pain, and an improvement in quality of life. This appears to be the case for both mitoxantrone and docetaxel in patients with metastatic hormone refractory prostate cancer.

3. Systemic therapy used in conjunction with surgery: adjuvant and neoadjuvant therapy Systemic therapy administered after a patient has been rendered free of disease surgically is termed adjuvant therapy. Several important criteria must be met if adjuvant therapy is to be used outside of a research setting. First, an assessment must be undertaken of known risk factors predictive of relapse or development of distant metastases. Patients at low risk of relapse generally should not receive adjuvant therapy because they are unlikely to derive a benefit and will be unnecessarily exposed to the toxicity of therapy. Second, the proposed therapy must have been shown to decrease the rate of relapse and increase the disease-free interval (and, it is hoped, survival) in a randomized, phase III trial. Finally, because patients who are being treated with adjuvant therapy are free of disease and presumably asymptomatic, toxicity must be kept at a minimum. This opens the way to a tailored approach in which patients with high-risk disease, as determined by pathologic review of the surgical specimen, are treated in order to decrease the risk of micrometastatic disease.

By contrast, neoadjuvant therapy is administered before definitive surgical resection. Here, the potential advantages include early therapy of micrometastatic disease and tumor debulking to allow a more complete resection. Patients with known metastatic disease generally do not exhibit high enough response rates to systemic therapy to warrant local surgery following chemotherapy, with the clear exception of patients with GCT. Whether or not patients with metastatic renal cell carcinoma who exhibit a partial response to systemic therapy may benefit from resection of residual masses is not known. As with adjuvant therapy, the proposed therapy must have been demonstrated to impact favorably on rate of relapse, disease-free interval, and survival in a randomized phase III trial.

B. Chemotherapeutic Agents and Their Toxicity
The usefulness of antineoplastic agents lies in their therapeutic index or preferential toxicity to malignant cells over normal, nonmalignant cells. The mechanism of action of most chemotherapeutic drugs is based on their toxicity to rapidly dividing cells. Thus, in general, malignancies that have relatively rapid growth, such as GCT, are relatively chemosensitive, whereas slower growing neoplasms such as renal cell carcinoma are less sensitive. Toxicity from chemotherapeutic agents is seen primarily in normal, nonmalignant cells that are also rapidly dividing, such as hematopoietic cells in the bone marrow, gastrointestinal mucosa, and hair follicles, and is manifested in cytopenias, mucositis, and alopecia. Other common toxicities observed with agents frequently used in the treatment of genitourinary malignancies include nephrotoxicity, neurotoxicity, hemorrhagic cystitis, pulmonary fibrosis, and cardiotoxicity. Table 19-1 summarizes the spectrum of activity and primary toxicities of commonly used chemotherapeutic agents.
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Table 19-1. Commonly Used Chemotherapeutic Agents in Urologic Oncology, and Their Toxicity.

	Agent
	Activity
	Common Toxicities

	Cisplatin
	Bladder cancer, germ cell tumors, prostate cancer
	Renal insufficiency, peripheral neuropathy, auditory toxicity, myelosuppression*

	Carboplatin
	Bladder cancer, germ cell tumors
	Myelosuppression

	Bleomycin
	Germ cell tumors
	Fever, chills, pulmonary fibrosis

	Doxorubicin
	Bladder cancer, prostate cancer
	Myelosuppression, mucositis, cardiomyopathy

	Etoposide (VP-16)
	Germ cell tumors, prostate cancer+
	Myelosuppression

	5-Fluorouracil
	Renal cell carcinoma, bladder cancer, prostate cancer
	Mucositis, diarrhea, myelosuppression

	Floxuridine (FUdR)
	Renal cell carcinoma
	Mucositis, diarrhea

	Methotrexate
	Germ cell tumors, bladder cancer
	Mucositis, myelosuppression, renal toxicity

	Ifosfamide
	Germ cell tumors
	Myelosuppression, neurologic (CNS) toxicity, cystitis

	Vinblastine
	Renal cell carcinoma, bladder cancer, germ cell tumors, prostate cancer+
	Peripheral, autonomic neuropathy; myelosuppression

	Estramustine
	Prostate cancer
	Nausea, thromboembolic events

	Paclitaxel (Taxol)
	Bladder cancer, germ cell tumors, prostate cancer+
	Myelosuppression, neuropathy

	Docetaxel (Taxotere)
	Bladder cancer, germ cell tumors, prostate cancer
	Myelosuppression, neuropathy

	Gemcitabine (Gemzar)
	Bladder cancer
	Myelosuppression

	*Because of recent advances in the treatment of chemotherapy-induced nausea and vomiting, even the most emetogenic agents, such as cisplatin, have virtually no associated nausea and vomiting.

	+In combination with estramustine.


The development of chemotherapy drug resistance remains an important clinical problem in the field of oncology. Malignant cells develop resistance in a variety of ways, including the induction of transport pumps, which

actively pump the drug out of the cell and through increased activity of enzymes necessary to inactivate the particular chemotherapeutic agent. While there are several experimental methods of circumventing these mechanisms of drug resistance, one practical approach to this problem is the use of multiagent chemotherapy. Increased tumor cell killing is achieved by exposing neoplastic cells to multiple agents with different mechanisms of action. Furthermore, this approach allows the selection of agents with nonoverlapping toxicity profiles.

The use of increased dose intensity (higher doses of a drug administered over the same time period) as a means of overcoming drug resistance remains experimental in urologic malignancies with one clear exception. A subset of patients with otherwise incurable GCT appear to be curable with high-dose chemotherapy and autologous bone marrow transplant support (see the section Germ Cell Malignancies, following).

C. Unique Features of Genitourinary Malignancies
The systemic therapy of urologic malignancies offers unique challenges to the practitioner. Renal insufficiency due to obstructive uropathy from local extension of the tumor or postsurgical or postradiotherapy changes is not infrequent and may alter antineoplastic drug clearance. In patients with renal cell carcinoma, previous nephrectomy also may impact on drug clearance. Furthermore, the common use of the nephrotoxic chemotherapeutic agent cisplatin in the treatment of urologic malignancies (most prominently, in bladder and testicular neoplasms) may further diminish renal function. Careful attention must be paid, therefore, to renal function throughout the course of systemic therapy, with appropriate dose adjustments made. Dosing adjustments also must be considered in patients who have undergone cystectomy because ileal conduits or neobladders have the capacity to resorb chemotherapeutic agents that are excreted in the urine in active form (most notably, methotrexate).

Frequent local extension in the pelvis presents additional unique problems. Patients with previous pelvic radiotherapy have markedly diminished bone marrow reserves, which may limit the use of myelosuppressive drugs. Furthermore, local pelvic relapses have the potential to be symptomatic and painful. Particularly in patients who have already received radiotherapy, systemic therapy may be important for palliation.

GERM CELL MALIGNANCIES
A. Overview
The evolution of therapy for GCT has been deliberate and thoughtful, and has resulted in cures of 80-85% of men with GCT, serving as a model for the treatment of curable cancers. Nonetheless, challenges in the management of GCT remain. Because of their young age, patients who have been cured are at risk of delayed, treatment-induced toxicity. Furthermore, an 80-85% cure rate also implies that 15-20% of patients with GCT will not be cured and ultimately will succumb to their disease. An understanding of staging and risk assessment is crucial if (1) patients with good risk features are not to be overtreated and exposed to undue toxic risks, and (2) patients with poor risk features are to receive adequate (curative) therapy.

The most common multiagent chemotherapy regimen for the treatment of GCT is a 3-drug combination consisting of bleomycin, etoposide, and cisplatin (BEP). The treatment is repeated every 21 days. One cycle consists of cisplatin 20 mg/m2 IV day 1-5, etoposide 100 mg/m2 IV day 1-5, and bleomycin, 30 units IV, day 2, 9, and 16. Frequently the first 5 days of treatment require hospitalization. The deletion of bleomycin from this regimen results in the PE regimen. The substitution of ifosfamide for bleomycin yield the VIP regime (UP-16, ifosfamide, platinum).

B. Use of Chemotherapy for Patients with Stage I and II Disease
The standard of care for patients with stage I GCT remains orchiectomy followed by retroperitoneal lymphadenectomy (nonseminoma), radiation therapy (seminoma), or in selected patients, careful surveillance. The use of chemotherapy in stage I GCT in lieu of lymphadenectomy or irradiation remains investigational despite encouraging early results.

Patients with stage II nonseminomatous microscopic disease identified at lymphadenectomy (stage IIA) or patients with low-volume clinical stage II disease (stage IIB) who have undergone retroperitoneal lymphadenectomy may benefit from 2 cycles of adjuvant PE or PEB chemotherapy. The use of adjuvant therapy results in a 96% long-term disease-free survival. While the relapse rate for patients who do not receive adjuvant therapy approaches 40%, the vast majority of relapsing patients can also be cured with either 3 or 4 cycles of chemotherapy, yielding an identical long-term survival rate. The decision about adjuvant chemotherapy after lymphadenectomy must be individualized. Patients at high risk for relapse may choose to undergo 2 cycles of chemotherapy at that point in order to avoid the possibility of 3-4 cycles in the future.

C. Use of Chemotherapy in Patients with Advanced Disease
Patients with advanced GCT should be treated with systemic therapy after completion of their orchiectomy. This group includes some stage IIB nonseminomatous tumors and all stage IIC or higher tumors, both seminomas and nonseminomas. A variety of chemotherapy regimens will result in approximately 80% of patients with advanced GCT achieving a complete response and 70% achieving long-term apparent cures (good prognosis). By the same token, however, 20-30% of patients have a poor prognosis and will still ultimately die from their disease. Studies of pretreatment clinical characteristics have sought to identify prognostic features that can be prospectively used to segregate this diverse group of advanced GCT patients into poor- and good-prognostic subsets.

A common classification system has been developed by the International Germ Cell Cancer Collaborative Group (IGCCC). In this system, good-prognosis patients with nonseminomatous GCT have a testis or retroperitoneal primary tumor, no nonpulmonary visceral metastases, and low-serum tumor markers. Intermediate-prognosis patients are the same as good-prognosis patients but have intermediate serum tumor markers. Poor-prognosis patients have a mediastinal primary tumor or nonpulmonary visceral metastases (liver, bone, brain) or high levels of serum tumor markers. Five-year overall survival for the good-, intermediate-, and poor-prognosis categories with current regimens is 92%, 80%, and 48%, respectively. By definition, seminomas are never in the poor-prognosis category. Seminomas are segregated into good-prognosis cases (any primary site, but no nonpulmonary visceral metastases), with an 86% 5-year survival, and intermediate-prognosis cases (any primary site but with the presence of nonpulmonary visceral metastases), with a 72% 5-year survival.

Because it is not likely that the extraordinarily high cure rate for good-prognosis patients can be improved upon, most efforts in the treatment of these patients have been aimed at optimizing treatment with less toxic regimens that will have equal efficacy. Trials evaluating (1) the elimination of bleomycin, (2) a reduction in the number of chemotherapy cycles administered, or (3) the substitution of carboplatin for cisplatin have been undertaken.

The outlook for poor-prognosis patients is grim, with only 38-62% of patients achieving a complete response. Thus, whereas the major concern in good-prognosis patients has been the reduction of toxicity, the major objective of clinical investigation in poor-prognosis patients has been to improve efficacy, with less concern for reducing toxicity. Clinical trials in poor-prognosis patients have by and large relied on one or both of two approaches. The first has been to exploit agents that have been demonstrated to be efficacious in the salvage setting, and the second has been to evaluate the role of dose escalation.

Currently acceptable regimens for good-prognosis patients are fairly well defined and include 3 cycles of PEB or 4 cycles of PE. By contrast, optimal therapy for poor-prognosis patients continues to be investigational. Four cycles of PEB or 4 cycles of VIP (are appropriate options.

D. Adjunctive Surgery and "Salvage" Therapy
Postchemotherapy adjunctive surgery must be integrated into the treatment plan of patients with advanced GCT. Between 10% and 20% of patients with nonseminomatous tumors have residual masses after systemic therapy, and up to 80% of patients with seminomas have residual radiographic abnormalities. The role of adjunctive surgery in patients with GCT with postchemotherapy residual masses has been reviewed. Except in rare circumstances, adjunctive surgery is not indicated in the presence of persistently elevated serum tumor markers. Adjunctive surgery usually can be undertaken safely within 1-2 months of completion of chemotherapy. It must be noted, however, that all patients who have received bleomycin, whether or not there is clinical evidence of pulmonary fibrosis, are at risk of development of oxygen-related pulmonary toxicity. The anesthesiologist must be made aware of the patient's previous exposure to bleomycin and every effort must be taken to maintain the FiO2 as low as possible throughout the surgical procedure. Patients who are found to have active carcinoma in their resected specimens are frequently treated with further "salvage" chemotherapy, generally with a different regimen, although compelling evidence supporting this procedure is still forthcoming. Patients who appear to benefit from postsurgical chemotherapy are patients with incomplete resections, patients whose resected specimen contains more than 10% viable cancer cells, and patients who were in the IGCCC high-risk group prior to beginning frontline chemotherapy.

While approximately 80% of patients with GCT can currently be cured with platinum-based therapy, 20% ultimately die of their disease, either because a complete response is not achieved with induction therapy or because they relapse after becoming disease-free with primary therapy. Before the initiation of salvage therapy, the diagnosis of relapsed or primary, refractory GCT must be clearly established. In particular, falsely elevated human chorionic gonadotropin or alpha-fetoprotein values and false-positive radiographic studies of the chest due to previous bleomycin use must be ruled out. Persistent or slowly growing masses, particularly in the absence of serologic progression, may represent benign teratoma. Therapies based on ifosfamide, paclitaxel, or high-dose chemotherapy with autologous bone marrow transplant provide a salvage rate of approximately 25% in patients with relapsed or refractory GCT.

TRANSITIONAL CELL CARCINOMA OF THE UROEPITHELIUM
A. Nonmetastatic Disease
The development of effective chemotherapy regimens for the treatment of metastatic transitional cell carcinoma (TCC) has resulted in more widespread use of these regimens in combination with other modes for the treatment of locally advanced but nonmetastatic disease. In bulky inoperable invasive bladder tumors (T3b, T4, N+), chemotherapy has been used as a means of cytoreduction in order to make surgery possible. Chemotherapy before surgery, termed neoadjuvant therapy, has also been used in muscle-invasive cancers that are resectable, in an effort to treat micrometastatic disease before cystectomy. It must be borne in mind that the pathologic complete response rate in the bladder after neoadjuvant chemotherapy is probably in the 30-40% range; therefore, definitive surgical resection after chemotherapy is usually required. A modest survival advantage has been demonstrated with neoadjuvant MVAC chemotherapy (see below).

Other investigators believe that adjuvant therapy administered after radical cystectomy should be the means of treating patients with invasive bladder cancer at risk for relapse. Adjuvant trials generally have been used to treat only patients found to have pathologic T3 and T4 lesions. Several small randomized trials have shown a benefit to various adjuvant chemotherapy regimens; a large randomized multi-institution trial remains to be done.

Chemotherapy in combination with radiation therapy has been advocated by some as a bladder-preserving approach for muscle-invasive tumors. Patients are usually treated with 2 cycles of chemotherapy, followed by radiation therapy and concomitant cisplatin as a radiosensitizer. If follow-up cystoscopy reveals no cancer, consolidative multiagent systemic chemotherapy is administered. This approach appears to be particularly useful for smaller, lower-stage tumors. The presence of hydronephrosis or hydroureter is a contradiction to this approach, as these patients do less well with a bladder sparing approach. While longer follow-up is required, it appears that approximately 30-50% of patients can attain long-term disease-free status with a functional bladder with this approach.

B. Metastatic Disease
The development of successful therapy of metastatic bladder TCC has been based on the use of cisplatin. Until recently, two common cisplatin-based regimens are in wide use: (1) cisplatin, methotrexate, and vinblastine (CMV) and (2) the same drugs in a slightly different schedule and dose along with doxorubicin (Adriamycin), in a regimen known as MVAC. These regimens result in overall response rates of approximately 50-60% and complete remission rates in the 20-35% range. Median overall survival for patients with metastatic disease treated with these regimens is in the 8- to 14-month range. Despite early promise, however, long-term survival after MVAC or CMV remains in the single digits. Both CMV and MVAC are intensive regimens, with myelosuppression occurring commonly. The use of hematopoietic growth factors has made it easier to administer full doses on schedule, although this improvement in dose intensity does not appear to translate into a clinical benefit.

More recently, the combination of gemcitabine and cisplatin has been compared to MVAC. This new regimen is far less toxic, is better tolerated, and appears to be equivalent in efficacy to MVAC. As a consequence, gemcitabine/cisplatin can be considered the new standard of care for the treatment of advanced TCC. However, it should be noted that the gemcitabine/cisplatin regime has been tested in a randomized study only in patients with metastatic disease, and its utility as an adjuvant or neoadjuvant has not been tested. For patients with impaired renal function, agents such as carboplatin and paclitaxel have been utilized.

RENAL CELL CARCINOMA
The treatment of metastatic renal cell carcinoma with chemotherapy remains largely unsatisfactory. The general lack of active agents and the excessive toxicity of many of the agents that exhibit some activity have contributed to the absence of adjuvant or neoadjuvant trials. The only such trials used adjuvant interferon-alpha for patients considered at high risk for relapse after nephrectomy and failed to show an advantage of the adjuvant therapy. Nephrectomy prior to systemic therapy is recommended, particularly in patients in whom the bulk of disease is in the renal mass, and who have a good performance status.

Metastatic renal cell carcinoma is relatively resistant to chemotherapy. The fluoropyrimidines floxuridine, 5-fluorouracil, and capecitabine have modest activity, as does gemcitabine, with response proportions of 10-15% reported. Renal cell carcinoma is one of very few neoplasms that clearly are responsive to biologic response modifiers. The utility of biologic response modifiers and anti-angiogenic agents in renal cell carcinoma is discussed elsewhere in Chapter 20. In general, these agents are used prior to using chemotherapy.

HORMONE-REFRACTORY PROSTATE CANCER
The systemic therapy of patients with metastatic prostate cancer in whom hormonal therapy has failed generally consists of secondary hormonal manipulations followed by chemotherapy. Approximately 15% of patients who have had progressive disease despite therapy with combined androgen blockade will have a fall in PSA when their antiandrogen is discontinued. This maneuver is mandated, therefore, before initiating other systemic therapy. Furthermore, second-line hormonal maneuvers such as adrenal androgen deprivation with ketoconazole, estrogens, or secondary antiandrogens such as nilutamide clearly have activity and, particularly in asymptomatic patients, should be considered. As noted previously, the evaluation of responses in patients with bone disease only is difficult at best. The use of the PSA in this setting has been fairly extensively evaluated, and it appears to be a reasonable intermediate endpoint. Thus, a decline in PSA of 35-50% appears to be predictive of longer survival for these patients.

Several agents or combinations of agents show promise in the therapy of HRPC. Not only can a significant decline in PSA be demonstrated in some patients, but also objective responses in patients with soft-tissue disease have been observed. Furthermore, considerable palliation of pain is often possible with chemotherapy in patients in whom narcotics or corticosteroids have failed and for whom palliative irradiation is not an option.

Mitoxantrone is approved in combination with prednisone for the treatment of progressive, symptomatic HRPC. Twenty-nine percent of those treated with the combination experienced decreased pain, compared with 12% receiving prednisone alone. In addition, there were greater improvements in quality-of-life measures. The toxicity of the treatment was mild in both groups; fewer than 2% of patients had infectious episodes. Median survival for both groups was approximately 1 year. Mitoxantrone has modest albeit definable activity in HRPC, although it probably does not significantly prolong survival.

Until recently, chemotherapy for prostate cancer was considered ineffective in prolonging survival. However, the results of 2 phase III trials have established docetaxel-based chemotherapy as the standard-of-care for first-line treatment of metastatic HRPC. SWOG 9916 compared the combination of docetaxel/estramustine with mitoxantrone/prednisone, while Tax 327, a trial conducted by Aventis, tested 2 schedules (weekly and q 3 week) of the combination of docetaxel/prednisone versus mitoxantrone/prednisone. The q 3 week docetaxel regimens in each one of these trials demonstrated a modest but statistically significant (2 month) survival benefit over mitoxantrone/prednisone. The median survival with docetaxel was 18-19 months. In Tax 327, the difference in survival between weekly docetaxel and mitoxantrone did not reach statistical significance. While docetaxel/prednisone was not directly compared with docetaxel/estramustine, the overall survival of the 2 q 3 week docetaxel-based regimens was similar, whether prednisone or estramustine was added, and the use of estramustine was associated with greater toxicity. Thus, every 3-week docetaxel/prednisone has emerged as the FDA-approved, first-line regimen for HRPC. Future directions and the subject of ongoing trials include (1) exploring the addition of novel agents to the docetaxel/prednisone backbone, and (2) using docetaxel in earlier stages of prostate cancer, such as neoadjuvantly prior to prostatectomy, or together with radiation therapy, or for patients with a climbing PSA after definitive local therapy.
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