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Foreword

The front lines of genitourinary (GU) oncology have shifted over the past decade 
with growing awareness of the benefit of a multidisciplinary approach. Additionally, 
physician shortages and emphasis on continuity of care and survivorship have led 
to an increased role of the advanced practice provider (APP). Out of these two 
concepts has emerged the defined position of an APP in Genitourinary Oncology. 
We long ago recognized the value of this model and have promoted it in our prac-
tice for the last 10+ years. We firmly believe that this gives optimal care to our 
patients.

The idea for this book was created out of the ongoing collaboration between 
urologic oncologists, genitourinary oncologists, GU radiation oncologists, and 
advanced practice providers at our institution and others. Each chapter is a result of 
team effort by field experts and an APP, who works closely with them, helping them 
communicate with and manage their patients. These teams represent the new face 
of care in GU oncology and provide a prime example of stewardship, scholarship, 
and comprehensive care. Each team not only focuses on the science behind their 
tumor of choice but the individual patient concerns that are seen in everyday prac-
tice and how to best recognize and manage them. Key concepts, denoted as clinical 
pearls, are highlighted at the end of each chapter. The book represents the culmina-
tion of interprofessional bidirectional mentorship, hard work, and unfaltering 
comradery.



vi

It is our hope that this book provides useful information and guidance to compre-
hensively care for our genitourinary cancer patients in order to obtain the best 
outcomes.

Edouard J. Trabulsi, MD, MBA, FACS
Department of Urology

Sidney Kimmel Medical College at  
Thomas Jefferson University 

Philadelphia, PA, USA

Costas D. Lallas, MD, FACS
Department of Urology

Sidney Kimmel Medical College at  
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Chapter 1
Introduction: Integration of APP into 
Urologic Oncology Practice

Leonard G. Gomella

Improvements in the management of all stages and types of cancer have occurred 
at a rapid pace. Perhaps, where this is most apparent is in the area of advanced 
disease states. The traditional approach in the development of cancer therapeutics 
was to identify an active compound that worked in one type of cancer and then 
perform Phase 2 trials in a variety of other malignancies to determine its effect. 
Today’s therapeutic development programs rely upon the identification of precise 
alterations in the structure and/or function of the malignant cell and specifically 
targets those abnormalities. This concept is broadly known as precision medicine 
where the delivery of the intervention is targeted to the right patient at the 
right time.

The field of urologic oncology has benefited greatly from this new approach to 
the discovery of new agents then the treatment of prostate, bladder, kidney, and 
other genitourinary specific cancers. Advanced prostate cancer is a shining example 
of how the treatment landscape of this disease has changed through the introduction 
of many new agents. The number of available treatment options for patients with 
advanced prostate cancer (e.g., metastatic at initial diagnosis, recurrent after local 
therapy, or metastatic and castration-resistant) has increased considerably in recent 
years. Before 2004, the treatment metastatic castration-resistant prostate cancer was 
considered palliative until two key clinical trials demonstrated that docetaxel could 
benefit these men. In 2010, immunotherapy entered the prostate care continuum 
with the FDA approval of sipuleucel-T. In rapid succession, other agents such as 
abiraterone, enzalutamide, cabazitaxel, and radium Ra 223 dichloride received 
approval. Immunotherapy using the tumor agnostic agent, pembrolizumab, is bring-
ing the anti PD-1 agents into the next phase of metastatic prostate cancer therapeu-
tics. Next on the horizon for prostate cancer are clinical trials combining 
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immunotherapeutic agents with other agents and using genomic studies to identify 
men with advanced disease who may respond to a completely new class of medica-
tions known as PARP inhibitors.

These new medications are redefining what we are prescribing and how we treat 
our patients with advanced urologic oncology diseases; we are also increasingly 
relying on multidisciplinary care models. The traditional multidisciplinary care 
combines the collective skills of surgeons, radiation and medical oncologists to 
offer our patients the best care possible. Today, that multidisciplinary care is increas-
ingly engaging advanced care providers such as nurse practitioners and physicians’ 
assistants to help manage the complexities of these new agents. While the precision 
medicine model is based on basic science discoveries, many other factors are con-
sidered in this process. Beyond an individual’s genomics, biomarkers, and molecu-
lar characterization of the tumor to be most effective, precision medicine should 
take into account lifestyle, patient preferences, health history, socioeconomic fac-
tors, and other unique patient characteristics that cannot be determined by any labo-
ratory test. Often, the skillset of the advanced practice provider can help integrate 
these complex patient factors into effective and compassionate care.

Common areas where nurse practitioners and physicians assistants provide 
important assistance in patient care in the setting of urologic oncology diseases 
include patient counseling about the disease state and medications that are being 
administered, assisting with laboratory and imaging monitoring, administration of 
the agents, identification and management of toxicity, and perhaps most impor-
tantly, providing a knowledgeable resource for patient questions or concerns.

The advanced practice providers’ role can vary widely based on the particular 
practice setting. Some may work as independent providers or more commonly as 
physician extenders working alongside the various urologic oncology specialists. 
They may be integrated into multidisciplinary clinics or tumor boards where key 
treatment decisions may be made. In the modern busy practice, they are often 
viewed as resources and educators for other members of the staff or students who 
they may be working with.

This book takes a unique approach with each major section partnering an expe-
rienced physician with an advanced practice provider. This approach closely repli-
cates the real-world contemporary approach to advanced urologic diseases that in 
many cases are based on this strong interaction in the continuum of clinical care. 
Where appropriate, the chapters discuss the practical aspects of surgical and radia-
tion management that are essential elements in many urologic oncology diseases 
that use a multidisciplinary management approach.

The editors of Chemotherapy and Immunotherapy in Urologic Oncology: A 
Guide for the Advanced Practice Provider are all participants of our well-developed 
multidisciplinary genitourinary oncology care team at the Sidney Kimmel Cancer 
Center at Jefferson. We have been engaged in a weekly real-time multidisciplinary 
clinic at our center since 1996, long before the concept became more widely 
adopted. We and others have demonstrated this approach improves outcomes in 
particular for more complicated and high-risk disease states. Other benefits of a 
multidisciplinary approach include improved patient and family satisfaction, 
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education of a variety of trainees, and enhanced clinical trials recruitment critical to 
maintain our NCI Cancer Center designation. Our ongoing clinical cancer care 
relies heavily on the expertise and support of our advanced practice providers.

Although written with the advanced care provider in mind, this book serves as an 
up-to-date reference for the spectrum of modern urologic oncology. Others who 
work in genitourinary oncology including physicians, fellows, nurses, and students 
will find the subject matter and style of presentation of these chapters a useful and 
practical reference.

1 Introduction: Integration of APP into Urologic Oncology Practice



Part I
Prostate Cancer
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Chapter 2
Overview and Active Surveillance 
of Prostate Cancer

Joseph K. Izes and Thomas Patrick McBride

 Introduction

Adenocarcinoma of the prostate is the most common noncutaneous cancer among 
American men and the second leading cause of cancer death after lung cancer. Over 
the past decades, our understanding of this disease has continued to evolve. We have 
faced a dramatic increase in the incidence of prostate cancer secondary to an 
expanding population of older men, the development of increasingly sensitive tech-
niques for prostate cancer detection such as prostate-specific antigen, ultrasound- 
directed needle biopsy techniques, and advanced imaging. As such, prostate cancer 
has been a target of special concern from the medical and socioeconomic standpoint 
and the disease has attracted much popular interest.

Almost 30 years into the prostate-specific antigen (PSA) era, our understanding 
of this ubiquitous malignancy continues to develop. While great strides have been 
made, meaningful outcomes data may take several more decades to gather, given the 
generally slow progression rate and relatively glacial natural history of this disease. 
While it seemed intuitively reasonable to urologists three decades ago that prostate 
cancer screening for early-stage disease would reduce morbidity and mortality sec-
ondary to this malignancy, a clear survival benefit from all of our diagnostic and 
therapeutic research effort is only beginning to emerge.

Prostate cancer is a heterogeneous disease of varying aggressiveness. While the 
5-year survival rate for early localized prostate cancer is close to 100%, survival is 
less than 30% for patients presenting distant metastatic disease [1]. While multiple 
measures of tumor aggressiveness have been developed, these are each somewhat 
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limited and imperfect. Multiple treatment options exist for both localized and 
advanced disease. As such, the counseling of affected patients, toward the end of 
educated shared decision-making will occupy a significant percentage of the treat-
ing professional’s time and energy for the foreseeable future.

 Epidemiology

It is estimated that 191,930 new cases of prostate cancer will be diagnosed in the 
United States in 2020. It is predicted to be the leading visceral site of new cancer 
cases in the male body at 21%. Prostate cancer will cause an estimated 33,330 
deaths, accounting for 10% of male deaths from cancers, second only to malignan-
cies of lung and bronchus which will comprise 23% [2]. The disease may be less 
common in developing countries; however, its incidence and mortality have been on 
the rise internationally as well [3].

Overall prostate cancer death rates have declined by 52% from a peak of 39.3 
deaths per 100,000 men in 1993 to a low of 18.8 per 100,000 men in 2017. This 
substantial decrease occurred during a time of increased male life expectancy, a 
circumstance under which prostate cancer mortality would be expected to increase. 
The explanation is likely multifactorial, reflecting more extensive screening as well 
as improved treatment. It is controversial; however, in that the number of prostate 
cancer deaths is far outweighed by the number of diagnoses annually. Critics of 
PSA-based screening suggest that these improvements in mortality are achieved at 
the cost of substantial overdiagnosis and overtreatment.

The age-adjusted incidence rate of prostate cancer in African-American men is 
more than 30% higher than white men and historically, mortality rates have been 
higher and survival substantially shorter [4]. A genetic versus socioeconomic expla-
nation for this is favored as these findings are consistent in patients within the same 
large health maintenance organization and in the military [4], where there is an 
expectation of identical screening and postdiagnosis care. A higher incidence of 
lymph node versus bone or other metastasis has been identified among African- 
Americans based on a national review of hospitalized patients with metastatic dis-
ease [5].

 Risk Factors

Multiple risk factors for prostatic adenocarcinoma have been identified to be both 
endogenous and exogenous. Awareness of these is critical to assessing which 
patients are best served increased screening vigilance, lowered threshold for recom-
mending biopsy, and intensity/timing of therapy.

Endogenous risk factors include family history, race, and age. As above, racial 
disparities exist affecting the incidence, stage at diagnosis, and mortality. 

J. K. Izes and T. P. McBride
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African-American men have the highest rates of prostate cancer in the world. 
This may partially be related to access to care and differences in the decision-
making process, but appear to also reflect genetic differences including allelic 
frequencies of microsatellites of androgen receptor locus and polymorphic varia-
tion [6].

The incidence of prostate cancer is clearly related to advancing age, and unlike 
other cancers which have a peak age incidence, the risk of prostate cancer contin-
ues to increase throughout a man’s lifetime. After 50 years of age, mortality and 
incidence rates from prostate cancer increase almost exponentially. In interpret-
ing this data, it is critical to distinguish between incidentally discovered cancers 
that are clinically insignificant and indolent versus those that are more aggressive 
and possibly lethal if left untreated. Autopsy studies have shown histologic evi-
dence of prostate cancer and more than 40% of men dying in their 80s [7]. The 
lifetime risk of a 50-year-old man for a cancer detected at autopsy not related to 
the cause of death is 40%. The risk of diagnosis of prostate cancer while alive is 
roughly 15% whereas the risk of death from prostate cancer is 2.9% [8]. Clinicians 
must remain mindful that the goal in diagnosing prostate cancer is decreasing of 
risk of progression to symptomatic disease, which generally takes many years. As 
such, detection of disease in the elderly with competing comorbidities is of lim-
ited benefit.

Familial clustering of prostate cancer has been observed in studies dating back 
to the 1960s. Relative risk estimates associated with a history of prostate cancer in 
a first-degree relative range from 1.7 to 3.7. Younger ages at diagnosis and multi-
ple relatives with prostate cancer are associated with even higher relative risks [9, 
10]. Two highly penetrant genes that predispose individuals to breast cancer 
(BRCA1 and BRCA2) are known to confer an increased risk of prostate cancer of 
about threefold and sevenfold, respectively [11]. Lynch Syndrome is another risk 
factor for prostate cancer. Mutations of DNA mismatch repair (MMR) genes, 
which are associated with Lynch syndrome, also confer a twofold increase in the 
risk of prostate cancer, amounting to a 30% lifetime risk. It is appropriate to con-
sider earlier and more frequent prostate-specific antigen (PSA) screening for men 
with known personal or familial mutations of BRCA2, HOXB13, or MMR genes 
linked to Lynch syndrome [12]. There is some evidence of increased aggressive-
ness associated with these germline mutations. A full family history should be 
obtained and genetic counseling should be offered to patients with familial pros-
tate cancers.

Exogenous risks factors have also been reported. Fatal prostate cancer has been 
associated with smoking history, height, obesity, and a high-fat Western diet [13]. 
Migrant studies demonstrate that when men from a low-risk country move to United 
States and adopt a Western diet, their rates of prostate cancer increase dramatically. 
A variety of dietary elements have been studied. Tomato sauce intake has been cor-
related with a lower incidence and decreased stage of prostate cancer [14]. To date, 
no dietary supplement study has shown significant benefits. Previous vasectomy 
had been suggested as a risk factor [15], but this association could not be validated 
in enlarged studies [16].

2 Overview and Active Surveillance of Prostate Cancer
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 Signs and Symptoms

Most patients with early-stage prostate cancer are asymptomatic. Because this is a 
disease that occurs in the same demographic as BPH, some level of voiding com-
plaints and erectile dysfunction is commonplace. While bladder outlet obstruction 
and irritative voiding complaints can result from local growth of cancer, in most 
cases these symptoms reflect coincident benign prostatic hypertrophy and age- 
related changes. Early-stage prostate cancer is rarely associated with hematuria. 
Constitutional symptoms are rare. Metastatic disease, however, may present with 
bone pain and symptoms of spinal cord impingement.

In addition to a complete history, with attention to risk factors described above, 
a physical exam including digital rectal exam (DRE) should be performed. Careful 
attention should be paid to overall gland consistency which should be homogeneous 
and will range from spongy to rubbery in texture. Abnormalities in the digital rectal 
exam may include obvious nodularity, a localized decrease in compressibility or 
induration and loss of normal landmarks including the midline and lateral sulci. 
Tenderness or bogginess of the gland suggests underlying prostatitis which may 
spuriously increase prostate-specific antigen. The abdomen should be palpated for 
suprapubic fullness and bladder distention can be confirmed with office ultrasound. 
Advanced prostate cancer may present with palpable lymphadenopathy or edema of 
the lower extremities and scrotum. A neurologic examination may suggest findings 
consistent with spinal cord compression.

While the digital rectal exam is significantly less sensitive than other modalities 
[17, 18] and there is some intra- as well as interexaminer variability of the examina-
tion [19], it should be routinely performed. DRE is not recommended as the sole 
evaluation of the patient for prostate cancer and should be combined with PSA test-
ing. The positive predictive value of DRE is 28% with a sensitivity of 59% and a 
specificity of 95%, according to one meta-analysis [20]. A significant proportion of 
prostate cancers detected by digital rectal exam at low PSA levels have features 
associated with clinically aggressive tumors [21]. This inexpensive and minimally 
invasive physical examination will also provide information on the staging and fixa-
tion of cancers that are diagnosed [22].

 PSA and Screening

Prostate-specific antigen (PSA) was initially developed as a tumor marker to assess 
the extent of disease and response to therapy. Initially isolated from the semen, it 
was first described in the forensic literature as a tool for identifying seminal fluid 
in sexual assault investigations [23]. It was subsequently identified in prostatic tis-
sue [24] and is organ-specific, and presents only in the cytoplasm of benign and 
malignant prostate epithelial cells. It is important to recognize that this glycopro-
tein is prostate-specific but not prostate cancer-specific. Ultimately, a technique 
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was developed to measure level in the serum using a variety of antibody-
based assays.

Toward the goal of allowing early detection of prostate cancer for curative ther-
apy, PSA was incorporated into prostate cancer screening in the early 1990s. PSA 
was initially approved by the United States FDA using a threshold of 4 ng/mL as the 
upper limit of normal [25]. The use of this tumor marker in screening leads to a 
dramatic increase in newly detected prostate cancer. A substantial percentage of 
detected cancers were low risk and early stage. At the time, clinically insignificant 
carcinoma was a revolutionary concept and these patients were often aggressively 
treated. In the subsequent decades, a better understanding of the clinical importance 
of low-risk disease has led to significant controversy and somewhat disparate rec-
ommendations for screening amongst organizations formulating clinical guidelines. 
It is important to remember that the use of PSA as a tumor marker to assess disease 
response and progression, remains noncontroversial and generally well accepted.

PSA levels are increased in malignancy because of increased production by can-
cer epithelial cells and secondary to cancer-related disruption of vasculature. PSA 
elevation has been shown to proceed the development of clinically apparent prostate 
cancer by 5–10 years, but can also be caused by a number of benign conditions. 
Prostate enlargement can also cause elevated PSA [26] as can prostatic inflamma-
tion, trauma, and sexual activity. Using a cut off value of 4 ng/mL, the sensitivity of 
this test is 21% for detecting any prostate cancer and 51% for high-grade cancer. 
The negative predictive value of a PSA less than four is 85% [27].

Because of concern that widespread screening has led to an excessive number of 
biopsies and to the diagnosis of clinically insignificant cancers, numerous strategies 
to refine PSA for cancer detection have been explored. Toward this end, the rate of 
rise or PSA velocity has been explored. A serum PSA increase of 0.75 ng/mL per 
year is indicative of an increased risk of an occult prostate cancer. It is critically 
important to interpret PSA values only after they have been confirmed by the same 
laboratory. Very rapidly rising PSAs or outlier values may reflect prostatic inflam-
mation or even laboratory error. The PSA doubling time is frequently used in the 
post-treatment setting to determine the need for intervention among patients with 
biochemical recurrence after treatment [28].

Larger prostate glands tend to produce more PSA and the concept of PSA den-
sity has been described. PSA levels average approximately to 0.12 ng/mL/g of tis-
sue. Some have advocated prostate biopsy based on excessive PSA density. This 
approach is problematic for a variety of reasons beyond the scope of this discussion 
[29]. It is important, however, to consider the impact of significant BPH, especially 
in the setting of a relatively mildly elevated PSA [30]. Further, PSA has been shown 
to increase with normal aging, and tables for age-specific PSA values have been 
published. These increase the sensitivity of the marker in younger patients and 
increase its specificity in older men.

Free and total PSA measurement is an assay comparing molecular forms of PSA 
bound to large serum proteins. Statistically important only for patients with PSAs 
between 4 and 10 ng/mL, the risk of a positive biopsy can be stratified [31] to some 
extent by the percentage of free PSA. A free PSA greater than 25% is consistent 
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with benign disease whereas a value under 10% is quite worrisome. A variety of 
commercially available molecular tests have been developed to augment the speci-
ficity and sensitivity of PSA screening. These are both serum and urine based, and 
are generally proprietary and expensive.

Special consideration must be given to patients on 5-alpha reductase inhibitors 
including finasteride (both the 1 and 5 mg dosages) and dutasteride. These drugs are 
marketed for the treatment of benign prostatic hypertrophy and male pattern bald-
ness. Clinicians must be mindful that PSA will decrease by approximately 50% by 
these medications. A rising PSA in a patient on these drugs raises suspicion for 
underlying prostate cancer [32].

The overall efficacy of PSA screening has been investigated in multiple studies, 
many of which are ongoing. Guideline agencies including the United States 
Preventative Service Task Force, the American Urologic Association, the American 
Cancer Society, the American Society of Clinical Oncology, and the National 
Comprehensive Cancer Network have each offered clinical guidance, which has 
been published elsewhere. Common features of these recommendations are for 
shared decision-making regarding prostate cancer screening in men with average 
risk between the ages of 55 and 69. PSA screening is not recommended in men with 
a less than 10–15-year life expectancy. An individualized approach is recommended, 
especially with regard to high-risk patients including those with family history, 
genetic predisposition, and African-Americans and those with previously elevated 
PSAs or abnormal findings on digital rectal exam.

 Diagnostic Evaluation

Definitive diagnosis of prostate cancer requires tissue diagnosis by prostate 
biopsy. As above, the decision to proceed to biopsy must be made with full con-
sideration of both prostate-related worrisome findings as well as the patient’s 
overall health. Life expectancy, risk tolerance, and special considerations such as 
chronic anticoagulation must be considered. Prostate biopsy is generally per-
formed using a transrectal approach. The prostate is visualized ultrasonically 
using a biplanar rectal probe. Because of a significant risk of sepsis with transrec-
tal biopsies, patients are prepared with enemas and broad-spectrum antibiotic 
coverage. Usually, a fluoroquinolone and/or third-generation cephalosporin are 
used for antibiotic prophylaxis. Local anesthesia is injected adjacent to the pros-
tate at the junction of prostate and seminal vesicles under ultrasound guidance. 
Topical anesthesia may also be employed. The procedure is generally performed 
in the office or outpatient setting. The majority of patients will tolerate this with-
out sedation or general anesthesia.

Prostate biopsy is performed under ultrasound guidance using a spring-loaded 
biopsy device coupled to the imaging probe. In general, 12 cores are taken in a sys-
tematic geographic. The ultrasonic zonal anatomy of the prostate has been well 
described [33]. The peripheral zone, where the majority of tumors are located is 
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systematically sampled. On occasion, biopsies of the transition zone are taken as 
well as biopsies of the anterior commissure, both areas that are important to sample 
in patients with rising PSA who present for second biopsy.

Patients must be counseled thoroughly regarding the complications and sequelae 
transrectal ultrasound with biopsy. Prostate biopsy is frequently associated with 
minor bleeding and urinary symptoms that did not require intervention. 
Hematospermia may persist for several months. Roughly 25% of men have transient 
worsening of lower urinary tract symptoms <2% after biopsy percent have frank 
urinary retention. Hematuria and hematochezia may occur and these are exacer-
bated by coagulopathy, resumption of anticoagulant medication, possibly with pros-
tate size, and the number of biopsies taken [34]. Serious complications including 
urosepsis may be life-threatening. There was a significant increase in hospitaliza-
tions for sepsis from 1991 to 2007, likely as a consequence of increasing fluoroqui-
nolone resistance in the community [35, 36].

There is increasing interest in, and use of, a transperineal biopsy approach under 
ultrasound guidance, which avoids perforation of the rectal mucosa. The technique 
employs a perineal template affixed to a transrectal ultrasound probe in a manner 
similar to the placement of transperineal brachii therapy. This approach requires 
additional equipment and a bit of a learning curve but has the advantage of affording 
better access for anterior biopsies and a significant decrease in the incidence of 
biopsy-related sepsis.

Increasingly, multiparametric MRI of the prostate is used for more precise imag-
ing. The MRI is effective at identifying higher risk and clinically relevant prostate 
cancers that may not be seen by ultrasound. Eighty-seven percent of tumors detected 
by MRI are clinically significant [37]. While the information obtained from MRI 
can be used to direct traditional prostate biopsies, a “cognitive” technique, commer-
cially available technologies exist to combine MRI and ultrasound images in real 
time. Such MRI-ultrasound fusion technologies consist of passive mechanical com-
ponents for guiding and tracking position of an end-fire ultrasound transducer and 
software to reconstruct the images so that the operator can take biopsies using ultra-
sound outside of the MRI bore. The use of this technology, initially limited to 
patients required re-biopsy for rising PSA, is growing. The expense of equipment 
and availability of technology are the limiting factors.

 Pathology

The vast majority of prostate cancers and the focus of this chapter are adenocarci-
nomas. Less than 5% of prostate cancers are urothelial or squamous, arising from 
the urothelium. Rarely, tumors arising from supportive structures including sarco-
mas, lymphoma, etc., are seen. Neuroendocrine or small-cell carcinomas sometimes 
occur after prolonged androgen deprivation. A variety of special stains are helpful 
to the pathologist in differentiating these. Most prostate cancers originate in the 
peripheral zone and these tumors are generally multifocal.
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The aggressiveness of a prostatic adenocarcinoma is reflected in the appearance 
of the glandular architecture under the low-power microscope. The most commonly 
used grading system is the Gleason system. A grade from 1 to 5, is assigned to 
describe the pattern of cancer that is most predominant and a secondary grade is 
assigned to describe the next most predominant pattern. The total of these two gives 
the Gleason score. If the specimen is entirely uniform, two scores are reported as the 
same grade, for example, 4 + 4 = 8. In current practice, grades 1 and 2 are rarely 
used. Gleason pattern 5 corresponds with high-grade disease with no gland forma-
tion, pattern 4 is cribriform and of intermediate aggressiveness. Gleason pattern 3 is 
low-grade comprised of variable-sized but individual glands. Occasionally, a ter-
tiary grade is assigned. Modifications of this system, which is somewhat historical 
and entrenched, continue to be proposed [38]. Gleason scores of 7, considered inter-
mediate grade may be 3 predominant and favorable (3 + 4 = 7) or pattern 4 predomi-
nant and unfavorable (4 + 3 = 7). The percentage core positivity seen at biopsy is 
also an important prognostic factor.

The Gleason score correlates well with long-term prognosis, likelihood of posi-
tive margins at surgery, and long-term risk of recurrence [39, 40]. In addition, mul-
tiple commercially available proprietary gene and biomarker panels may be used to 
further stratify risk. These are tissue-based tests performed on biopsy or radical 
prostatectomy specimens. These include the following:

• Decipher™, which predicts 5-year metastasis risk, is used to help determine the 
need for adjuvant radiation after surgical resection.

• Oncotype DX™ which predicts the likelihood of favorable pathology at radical 
prostatectomy.

• Prolaris™ which predicts 10-year mortality risk and biochemical recurrence risk.
• ProMark™ which helps identify indolent versus aggressive cancer.

 Staging

The 2017 American Joint Committee on Cancer TMN clinical staging system is 
presented below. A distinction must be made between clinical staging based on 
exam and imaging and pathologic stage which requires surgical excision. Modalities 
to assess lymph nodes, bony and distant metastasis include axial imaging by CT or 
MRI and bone scan. The primary tumor, T stage, is assessed by digital rectal exam, 
transrectal ultrasound, and possibly MRI.  Guidelines exist to avoid overuse of 
modalities, for example, bone scan and low-risk disease. In general, staging by 
imaging is not performed if the Gleason grade is less than 7, and the PSA less than 
10 in clinically localized disease.

There is a growing, but undefined role for PET/CT with various prostate and 
prostate-cancer-targeted radionuclides. These have no defined role in the initial 
staging of prostate cancer. They are often used to determine if a biochemical 
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recurrence is localized to the prostatic bed and might be amenable to salvage treat-
ments versus widely metastatic and better treated with systemic agents.

 Risk Stratification

The Gleason score, clinical stage, and PSA together are strong predictors of clinical 
outcomes. These are used in combination to estimate risk and to determine the need 
for selection of choice of aggressive therapy. There are several available models and 
nomograms that are used to estimate risk. These include the Partin tables [41], 
CAPRA score, and the D’Amico classification [42, 43]. These nomograms are help-
ful to assess the risk of clinical or biochemical treatment failure and the likelihood 
of surgical margin positivity. Importantly, they are all essentially a graphic based on 
regression analysis of a specific cohort of patients, and while useful must be applied 
judiciously. Individual treatment decisions may be influenced by what is felt to be 
likely on these nomograms, but should not be solely based on the results. They are 
designed to stratify risk as summarized on the table from the national comprehen-
sive cancer network below.

 Active Surveillance

While treatment options for localized and advanced prostate cancer are discussed in 
other chapters, it seems fitting to include a brief discussion of active surveillance 
(AS) here following our discussion of risk stratification. Active surveillance (AS) 
can be defined as a treatment paradigm offered to certain prostate cancer patients, 
based on very low, low, or favorable intermediate-risk prostate cancer, who will 
continue to have screening with PSA, DRE, and MRI, along with subsequent pros-
tate biopsy, in lieu of immediate progression to, or conversion to, more active thera-
pies like surgery or radiation therapy. The numerous techniques for risk assessment 
including nomograms genetic testing must be combined and individualized before 
a decision to embark on a program of active surveillance is made.

It should be emphasized that active surveillance is not the absence or avoidance 
of treatment. AS is a specific protocol for a very close and ongoing patient follow-
 up to determine the timing of active treatment. While a sizable subset of patients on 
AS may never require active treatment, the intent is to provide intervention when it 
is clearly needed and to avoid that treatment while the disease remains low risk. AS 
must be distinguished from “watchful waiting,” which is designed to avoid curative 
therapy and to ultimately treat symptomatic disease with palliation. Patients on 
active surveillance are candidates for curative therapy and are monitored to deter-
mine when and if that therapy is necessary.
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It must be emphasized to patients that low-risk prostate cancer is a progressive, 
albeit slowly progressive disease. The aim of AS is to avoid overtreatment while 
preserving options. Strict compliance with follow-up is absolutely essential and AS 
should not be offered to unreliable patients.

Data on a cohort of 993 patients with low-risk prostatic adenocarcinoma fol-
lowed in Toronto demonstrated the development of metastatic disease in 2.8% of 
patients, 1.5% of whom died of prostate cancer. At 5, 10, and 15  years, 75.7%, 
63.5%, and 55% of patients, respectively, remained untreated on surveillance [44]. 
Similar results have been reported by other centers and the national cancer database 
has reflected a dramatic increase in the use of AS for the initial management of low- 
risk prostate cancer [45].

Active surveillance typically involves PSA testing every 6 months. A confirma-
tory biopsy is recommended within 1 year and then no more than annually. Digital 
rectal exam is recommended every 12 months.

Follow-up prostate biopsies, use of multiparametric MRI, and genomic profiling 
are used to monitor disease. Regular discussions should be carried out with patients 
to review options. Triggers for active treatment include significant progression in 
grade, increase in tumor volume, or the development of palpable disease. PSA ele-
vation is a softer indication but should certainly provoke reevaluation by MRI, 
biopsy, and, if dramatic, imaging for metastatic disease [46].

There are controversial aspects of active surveillance. Patients with germline 
mutations, African-American men, patients with a component of Gleason 4 disease, 
relatively larger volume of disease on biopsy, or high-risk features on multiparamet-
ric MRI, are all particularly worrisome. Closer than usual surveillance and shared 
decision-making are critical in these cases.

Clinical Pearls
• The most sensitive test is not always the best. The development of PSA, 

which allowed early detection of life-threatening cancers and decreased 
prostate cancer mortality, came at the price of subjecting low-risk prostate 
cancer patients to diagnostic and therapeutic interventions that may have 
been unnecessary.

• There is prostate cancer and prostate cancer. Some of your patients will die 
from this disease. Adenocarcinoma of the prostate is a heterogeneous dis-
ease, which varies in aggressiveness from indolent to lethal. A biopsy can 
be lifesaving in many cases.

• Use your tools. The diagnosis of prostate cancer is still often clinical. A 
good history and physical will alert you to risk factors for high-risk disease 
such as race and family history. Think about PSA in the context of PSA 
history and take the time to dig up old PSA values, which might indicate 
that a PSA in the normal range is abnormal for an individual patient.

• Use the technology. Make best use of newer imaging techniques and 
understand the newly available serum and tissue markers.
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Chapter 3
Monitoring and Managing Men Following 
Initial Treatment of Prostate Cancer

Terran W. Sims and Mikel Gray

 Introduction

In 2018, approximately 174,650 men will be diagnosed with prostate cancer and 
31,620 will die because of prostate cancer [1]. Research has shown that men with 
prostate cancer are living longer following initial treatment. Comparison of cancer- 
free survival among men undergoing surgery versus radiotherapy is challenging 
because recurrence is defined differently based on treatment modality. For men 
undergoing radical prostatectomy as definitive therapy 28–35% will experience a 
rising prostate-specific antigen (PSA)/biochemical recurrence within 10 years [2, 
3]. Similarly, among men managed with radiotherapy for initial treatment, 28–39% 
will develop a rising PSA/biochemical recurrence within 5 years [4]. Regardless of 
initial treatment or PSA/biochemical recurrence, 10-year cancer-specific survival 
rates are 92% for men treated with radical prostatectomy and 92% for radiotherapy 
with androgen deprivation therapy (ADT), versus for 88% for radiotherapy alone [5].

Monitoring men with prostate cancer may take multiple forms based on the 
patient’s pathology at diagnosis, stage, and primary treatment. Advanced practice 
providers (APPs) are increasingly playing a key role in the monitoring, manage-
ment, and treatment of men with prostate cancer following primary intervention. In 
addition, APPs are providing care for men experiencing recurrence of prostate can-
cer, and they are using evidence-based guidelines for surveillance of these patients. 
This chapter will provide an overview of evidence and guideline-based approaches 
for monitoring and managing men who have completed initial staging and definitive 
treatment of prostate cancer, including those with recurrent prostate cancer. We will 
not discuss active surveillance prior to primary therapy or men who are not candi-
dates for primary local therapy due to N1 or widely metastatic disease at initial 
diagnosis.
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 Monitoring Categories

Following the initial treatment of prostate cancer, men can be divided into one of 
three categories: no evidence of disease, disease status unknown (biochemical 
recurrence), and evidence of recurrence (measurable disease). Men categorized as 
having no evidence of disease have undergone surgery or radiation therapy for 
organ-confined disease, have a serum PSA that is deemed undetectable following 
surgery, or have a PSA within acceptable limits following radiotherapy over a 
defined period. Men with persistence or recurrence of cancer after radical prostatec-
tomy have a detectable PSA increasing on two or more measurements [6]. In con-
trast, men with persistent or recurrence of cancer following radiotherapy have a 
PSA rise of 2 ng/ml above the nadir achieved after radiation. The Phoenix Consensus 
goes further and states that men with a rise in PSA above nadir, even if it has not 
risen 2 ng/ml, should be characterized as recurrent or persistent prostate cancer [4]. 
Men with a measurable disease have radiographic or biopsy-proven evidence of 
recurrence.

We searched the literature and identified two evidence-based, national guidelines 
for surveillance and management of men in these three categories. The National 
Comprehensive Cancer Network guidelines provide guidance for monitoring after 
initial management (definitive therapy) and for patients with recurrence [6]. In addi-
tion, 2017 guidelines from the American Urological Association (AUA), American 
Society for Radiation Oncology (ASTRO), and Society of Urologic Oncology (SUO) 
provide recommendations similar to the NCCN for monitoring men with recurrent 
disease in their combined guideline on clinically localized prostate cancer [7].

 Monitoring for Biochemical Recurrence

Regardless of definitive treatment, monitoring for persistence or recurrence begins 
with the measurement of serum PSA. The timing of the first PSA after prostatec-
tomy is based on the knowledge that its half-life is 2.5–3 days [8, 9]. Men with a 
higher pretreatment PSA may require a longer time period to achieve an undetect-
able level. The NCCN guidelines do not specify a time frame for measurement of 
the baseline PSA after initial treatment [6]. Nevertheless, a majority of clinicians 
obtain a serum PSA 4–6  weeks after surgery, although some delay as long as 
12 weeks [8, 9].

Identifying persistence or recurrence of prostate cancer is more challenging fol-
lowing radiotherapy. Unlike men managed with surgery, the PSA will slowly fall to 
a nadir over a period of as long as 2–3 years, but it rarely falls to an undetectable 
level and ultimate treatment success is defined as a stable PSA ≥1.0 ng/ml [10]. 
Digital rectal examination (DRE) is also used to monitor for recurrence or persis-
tence unless the PSA value is undetectable. In addition, 10–30% of men will experi-
ence a temporary elevation in PSA levels, without evidence of disease recurrence 
[11, 12]. This bounce in PSA may take up to 18 months to normalize or reach a new 
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nadir. Because of this variability, NCCN guidelines suggest PSA measurement 
every 3–6 months. However, practice patterns vary widely based on expert opinion 
and patient’s risk factors.

Men defined as having no disease after radical prostatectomy, will undergo PSA 
measurement every 6–12 months for 5 years, then annually thereafter [6]. In men 
who are treated with radiotherapy and have an undetectable PSA, the DRE may be 
omitted. Some providers choose to monitor PSA every 3 months for 1 year follow-
ing definitive therapy based on surgical pathology or other pretreatment risk factors. 
These include a pretreatment PSA >10 ng/ml, Gleason score ≥ 8, positive margins, 
perineural invasion, or positive lymph nodes on surgical pathology.

As noted earlier, differentiation of persistence versus recurrence is influenced by 
the initial treatment. For men undergoing radical prostatectomy (RP), biochemical 
recurrence is defined as an undetectable PSA after surgery that becomes detectable 
and subsequently rises on two or more measurements [8, 9]. In contrast, persistence 
is defined as failure of PSA to reach undetectable levels after radical prostatectomy. 
For men who underwent radiation therapy, persistent and recurrence are often used 
interchangeably when the PSA rises above nadir following radiation therapy versus 
failure to reach an acceptable nadir [3].

Men with rising PSA levels following initial surgery or radiation are the second 
largest group of men with prostate cancer [13]. Prostate-specific antigen doubling 
time (PSADT) is defined as the number of months needed for serum PSA to increase 
twofold [13]. It is used as first-line monitoring for recurrence because a change in 
PSA levels, rather than the absolute baseline value, may be the only manifestation 
indicating biochemical recurrence. Of the factors used to predict local versus sys-
temic progression, PSADT is essential because it enables providers to differentiate 
a local disease that may still be curable from a systemic disease that may not. There 
are multiple nomograms and techniques for measuring PSADT. Nevertheless, all 
require measurement of more than two PSA values, preferably over a time period of 
12 months or greater. A diagnosis of recurrence is not only based on PSADT, it also 
incorporates findings from chest imaging (chest X-ray or computerized tomography 
[CT]), abdominopelvic CT or magnetic resonance imaging (MRI), bone imaging 
(whole-body bone scan), and/or transrectal ultrasound (TRUS) for recurrence [6]. If 
imaging studies suggest recurrence, prostate bed biopsy may be considered. This 
principle is based on evidence that a doubling time <12 months is a key indicator for 
obtaining further diagnostic testing for metastatic disease [13–15].

 Risk Stratification and Additional Testing

Approximately, 15% of men with prostate cancer are considered as high risk for 
disease progression and metastases [16]. Multiple criteria have been used to identify 
this subgroup of men. Many providers use the D’Amico et al. taxonomy which has 
been adopted by the American Urological Association (AUA) [17, 18]. These crite-
ria are clinical T stage ≥cT2c, Gleason score 8–10, or a PSA >20 ng/ml at the time 
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of diagnosis. The NCCN defines high risk as T3a, Gleason score ≥ 8, or PSA ≥ 20 ng/
ml, and very high risk as T3b or T4 disease [19]. The Cancer of the Prostate Risk 
Assessment (CAPRA) score is similar but it incorporates the percentage of positive 
biopsy scores in its assessment of risk. The shortcoming of these taxonomies is their 
potential for inaccurate determination of T stage [16].

Patients with biochemical progression and concerning PSADT require further 
evaluation to detect metastases. This evaluation includes imaging and/or tissue 
biopsy. The goal of imaging is to detect and characterize metastatic disease in order 
to select treatment or guide a change in management. Imaging techniques are used 
to evaluate anatomic or functional parameters. The selection of a specific test is 
based on risk level, PSADT, age, and general health. While prostate cancer can 
metastasize anywhere in the body, the most common sites are the lymph nodes, 
bones, lungs, and liver. The following tests may be used to identify and localize 
distant metastases in the face of PSA persistence/recurrence: chest X-ray or CT, 
bone imaging (whole-body bone scan), abdominopelvic CT or MRI, TRUS, C-11 
choline or F-18 fluciclovine PET-CT or PET-MRI, molecular assay, or prostate bed 
biopsy [6]. Understanding the patient’s risk level is useful because it helps the clini-
cian to decide which test and in which order to proceed when evaluating disease 
progression or metastatic disease.

Chest imaging begins with a chest X-ray; it is cost-effective and provides a rea-
sonable screening strategy before considering CT. Findings from the chest X-ray 
are considered definitive only when it is read as entirely normal. Any abnormality 
(bone lesions or fractures, concern for nodules, fluid collections, and opacities in the 
lungs) provides a basis for obtaining a chest CT. In the presence of abnormalities on 
a chest X-ray, the CT is obtained because it provides definitive cross-sectional 
imaging needed to identify lesions of concern for metastatic disease. These findings 
are essential for determining the need for potentially morbid biopsy for histologic 
confirmation of metastatic disease. Nevertheless, patients at high risk may proceed 
to chest CT as the initial study.

In addition to chest imaging, abdominopelvic CT or MRI should be performed 
because they provide a high level of detail for the detection of gross extracapsular 
disease, nodal disease, or visceral metastases. Typically, providers choose a CT, but 
an MRI is a viable alternative because of its ability to provide high soft-tissue con-
trast/characterization and multiparametric image acquisition.

The initial test used for the detection of bony metastases is the whole-body bone 
scan [6]. A radionuclide tracer (technetium-99-MDP) is injected to identify areas of 
increased uptake in the bones, implying increased osseous turnover and possible 
metastatic disease. If the bone scan is negative, but clinical suspicion of bone metas-
tases persists, an F-18 sodium fluoride PET-CT is considered. Similarly, PET-CT or 
PET-MRI with C-11 choline of F-18 fluciclovine radionuclides may be performed 
when chest imaging and abdominopelvic CT-MRI do not identify suspected recur-
rent disease in the nodes, bones, or viscera.

Molecular assays may be completed such as the Decipher Prostate RP® used in 
treatment decision-making in men who have detectable levels of PSA after radical 
prostatectomy [20]. Its use is a 2B recommendation from the NCCN Guidelines for 
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postoperative patient treatment decision-making [6]. The tissue obtained from RP is 
evaluated for active genes that express levels of 22 RNA biomarkers linked to an 
increased risk for metastatic prostate cancer at 5  years [20]. Decipher® proved 
robust in differentiating men with an increased risk of metastasis from those without 
metastasis 5 years after surgery, but its use did not improve outcomes when guiding 
postoperative treatment planning. Nevertheless, the use of a genomic assay enables 
providers to engage in shared decision-making of adjuvant versus salvage radiation 
therapy. Shared decision-making is clinically relevant, given the potential adverse 
side effects of additional therapy on sexual function, continence, and overall health- 
related quality of life.

Histologic confirmation is obtained via nodal, soft tissue, or bone biopsy based 
on findings from cross-sectional imaging suggesting a target for biopsy. Nodal biop-
sies are usually performed under ultrasonic or CT guidance by an interventional 
radiologist. Soft tissue biopsy can be performed by an interventional radiologist or 
pathologist, or a pathology biopsy team based on local resources and institutional 
practice. Bone biopsies are usually performed by a musculoskeletal radiologic team 
with expertise in this area.

Transrectal ultrasound or prostate MRI is occasionally used when local recur-
rence in the prostate bed is suspected. Transrectal ultrasound is a lower cost alterna-
tive to MRI; however, its diagnostic accuracy is based on the availability of a skilled 
ultrasonographer and urologist familiar with this procedure. One or more tissue 
samples, guided by TRUS, are typically obtained under local anesthesia.

 Evidence of Recurrence

When evidence of persistent (measurable) disease is present in men who underwent 
radical prostatectomy as definitive therapy, monitoring or treatment is based on evi-
dence of local recurrence versus distant metastases. Local recurrence is defined as 
evidence of disease in the prostate bed or surrounding tissue. Based on a process of 
shared decision-making, management options include observation and salvage 
external beam radiation therapy with or without androgen deprivation therapy 
(ADT) [6]. In postsurgical patients evaluated for persistent or recurrent PSA whose 
studies are positive for distant metastasis, choices include observation or ADT with 
or without external beam radiation therapy to the site of metastases (symptomatic 
and/or weight-bearing bones). Refer Chap. 10 for a more detailed discussion of 
salvage therapy.

Unlike patients managed with surgery, PSA levels are not expected to be unde-
tectable following definitive radiation therapy [6]. In this case, biochemical recur-
rence is defined as PSA persistence/recurrence with or without a positive 
DRE. Recurrence is defined as an increase in PSA of 2 ng/ml or more above PSA 
nadir. Evaluation for recurrence should be considered when PSA is increasing, even 
if the rise above nadir is less than 2 ng/ml, especially for candidates who can be 
considered for salvage local therapy (otherwise young and healthy men). The initial 
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evaluation is the same as for patients who underwent surgery and have persistent 
PSA or recurrence. Shared decision-making for treatment is based on candidacy for 
local therapy (original clinical stage T1/T2, N  ×  N0, life expectancy >10  years, 
PSA < 10 ng/ml) versus continued observation.

Candidates for local therapy are further categorized based on a positive result of 
TRUS biopsy or negative findings of imaging studies for distant metastases [6]. 
Shared decision-making options for this group are observation, radical prostatec-
tomy and pelvic lymph node dissection, cryosurgery, high intensity focused ultra-
sound, or brachytherapy. Based on the decision to pursue a specific intervention, 
they are again monitored for progression as described earlier. Alternatively, patients 
with a negative TRUS biopsy or absence of distant metastases on imaging studies 
will travel a different pathway. Management options for this group are observation, 
ADT, or participation in a clinical trial. Observation includes individualized PSA 
monitoring based on PSADT. Serial cross-sectional or bone imaging intervals are 
determined based on PSADT and symptoms.

For candidates deemed ineligible for local therapy, their pathway is based on 
results of cross-sectional CT or MRI and bone imaging, along with PSADT. Treatment 
options for this group are observation, ADT, or participation in a clinical trial [6]. 
Treatment varies based on several factors including patient choice and access to 
community-based resources such as a urologist who offers systemic therapy. Others 
may receive treatment from a medical oncologist. Refer Chap. 10.

 Conclusion

Men with recurrent prostate cancer are living longer. Since progression occurs over 
a period of 10 years or more, long-term monitoring is essential. Monitoring men for 
biochemical or recurrent disease is based on interval measurement of PSA and 
PSADT. Further diagnostic evaluation is considered when PSADT raises concerns. 
Additional diagnostic testing allows the patient and the provider to understand when 
PSA monitoring alone is inadequate because of measurable disease. Monitoring is 
based on building a trusting relationship and reaching consensus on a plan of care 
within a framework of shared decision-making. Shared decision-making is based on 
the need to seek additional diagnostic information that determines the timing of 
evaluation and treatment ensuring mutually established goals for care.

Pearls for the Advanced Practice Provider
• Men with recurrent prostate cancer are living longer and require long-term 

monitoring.
• Men can be divided into three monitoring categories: no evidence of dis-

ease, disease status unknown (biochemical recurrence/persistence), and 
evidence of recurrence (measurable disease).
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Chapter 4
Radical Prostatectomy and Survivorship 
After Radical Prostatectomy

Courtney C. Anderson and Kurt A. McCammon

 Radical Prostatectomy

The optimal approach to prostate cancer treatment has been and continues to be 
debated in the field of medicine based on the plethora of variables that are factored 
into the treatment equation. Grade and stage of tumor, patient age and life expec-
tancy, treatment success rates and associated complications, as well as patient and 
clinician preferences all contribute to treatment decisions. Clinically localized pros-
tate cancer may be treated with radical prostatectomy (RP); radiation therapy (exter-
nal beam radiation therapy and/or brachytherapy); cryotherapy; or, potentially, 
active surveillance. Weighing the patient characteristics and preference, tumor clas-
sification, and surgeon experience will yield different approaches for different 
patients. Occasionally, a combined modality approach is recommended.

In order to engage in a discussion about RP, it is important to first understand the 
difference between active surveillance and observation (or watchful waiting). This 
is an important distinction to make, as many of the clinical trials researching the 
efficacy of RP compare it to observation, as opposed to another active treatment 
approach or active surveillance. Simply stated, active surveillance is considered a 
treatment strategy offered to men with low-risk prostate cancer wherein the patient 
is not initially treated with definitive therapy but rather is monitored for disease 
progression and, if detected, offered definitive therapy at that time. Any treatment 
undertaken is usually aimed to cure the cancer. The benefit of this delayed treatment 
approach is minimization of treatment-related morbidity. Observation/watchful 
waiting, on the other hand, is a way of monitoring prostate cancer with the aim of 
any potential treatment being to control, not cure, the cancer. This approach is usu-
ally suitable for men with other comorbidities, who may be less able to cope with 
surgical treatments or who have a decreased life expectancy. When RP was 
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compared with watchful waiting, it was found to afford patients an improved overall 
survival (lower incidence of death from all causes as well as death from prostate 
cancer) and/or decrease local, regional, or systemic disease progression. The bene-
fits were more pronounced in patients younger than 65 at the time of diagnosis as 
well as in those with intermediate risk. As such, radical prostatectomy has been the 
reference standard for treatment of localized prostate cancer for several decades.

Hugh Hampton Young performed the first radical perineal prostatectomy in 1904 
at Johns Hopkins Hospital in Baltimore, Maryland. Forty-one years later, in 1945, 
Terence Millin described the first retropubic approach. Yet, despite the fact that 
surgeons had successfully found a way to access the prostate, the open procedure 
remained an unpopular choice for treatment due to its complication rates. It was not 
until the early 1990s that the new era of prostate surgery emerged, and over the past 
three decades, we have seen momentous advances in prostatectomy techniques. The 
first laparoscopic prostatectomy was performed in 1991 and the use of robotic assis-
tance followed a short time thereafter in 2000. At present, various surgical 
approaches for RP are utilized, namely, open versus minimally invasive techniques. 
Open RPs can be approached retropubically or perineally. Minimally invasive 
approaches involve laparoscopy and often include robotic assistance nowadays. The 
last three decades have also yielded significant enhancement in our understanding 
of prostate anatomy, which, in turn, has led to additional changes in surgical dissec-
tion techniques, thereby improving postoperative functional outcomes. Specifically, 
preservation of prostate vascular supply and neurovascular bundle anatomy have 
been emphasized in the context of post-RP outcomes. A wide range of nerve- sparing 
techniques are described and, at present, several dissection planes are recognized, 
contributing to varying “degrees” of nerve-sparing procedures (incremental nerve- 
sparing approaches) [1].

Currently in the United States, robotic-assisted laparoscopic and open retropu-
bic approaches are the most commonly performed RP procedures. It is estimated 
that 75% of all prostatectomies performed in the United States are currently done 
so robotically [2]. The American Urological Association (AUA), American 
Society for Radiation Oncology (ASTRO), and Society of Urologic Oncology 
(SUO) jointly sponsored a practice guideline in 2017, which considered open and 
robotic-assisted radical prostatectomy (RARP) similar in terms of cancer control, 
continence recovery, and sexual function. In addition to these functional out-
comes, surgical-related complications have also been studied. Intraoperative com-
plications for RP include blood loss, rectal/bowel injury, ureteral/bladder injury, 
and damage to the obturator nerve. Perioperative risks associated with RP include 
deep venous thrombosis, pulmonary embolism, urethrovesical anastomotic leak, 
lymphocele formation, and wound infection. Late complications are considered to 
be urinary incontinence and erectile dysfunction, both of which are discussed 
below. Initial research suggested that minimally invasive techniques do not confer 
any lower risk of complications as compared to the open approach, but more 
recent studies have found a statistically significant reduction in cardiac and respi-
ratory events in laparoscopic RP and RARP patients, suggesting perhaps that 
increased surgeon experience with minimally invasive techniques is a 

C. C. Anderson and K. A. McCammon



31

contributing factor [3]. Although RARP is also associated with decreased blood 
loss and postoperative length of hospital stay, positive surgical margin rates and 
short-term biochemical progression-free rates appear similar with the open tech-
nique. In terms of cost, RARP remains the most expensive surgical approach to 
treat prostate cancer.

Overall disease-free survival rates following RP are correlated with the extent 
and grade of the tumor itself. Those patients with organ-confined disease have a 
10-year disease-free survival rate of 70–85% following RP. Those with focal extra-
capsular extension had disease-free survival of 85% at year 5 and 75% at year 10 
postoperatively. As expected, patients with more extensive extracapsular extension 
have worse results (70% 5-year disease-free survival and 40% 10-year disease-free 
survival). Higher grade tumors (Gleason score > 7) are associated with faster risk of 
progression (Table 4.1) [4].

Determining whether or not pelvic lymph node dissection needs to occur in con-
junction with RP is driven by the risk of regional lymph node involvement, which is 
gauged by T stage, serum PSA, and Gleason score. Nomograms exist for determin-
ing the likelihood of lymph node involvement and can guide patient discussion. 
Significant variation exists in pelvic lymph node dissection practice patterns by 
surgeons and institutions. Although the overall impacts of lymph node dissection on 
perioperative complications and postoperative functional outcomes are debated, 
patients should be made aware that there is a potential impact on urinary continence, 
erectile function, and increased risk for vascular injury and postoperative 
lymphoceles.

Patients treated with RP are restaged thereafter based upon the pathological 
extent of disease detected in the surgical resection specimen. This pathologic stag-
ing offers useful information for counseling a patient on his prognosis as well as 
guiding future therapy. Postoperative PSA levels should become and remain unde-
tectable following RP. Biochemical recurrence identified by rising PSA warrants 
multimodal treatment.

 Survivorship after Radical Prostatectomy

Due to advanced screening practices, it is common for increasingly younger patients 
to be diagnosed with prostate cancer; as such, both urinary continence and erectile 
function are of growing importance in the postsurgical patient population. It is vital 
for members of the oncologic team to appropriately educate patients and their fami-
lies preoperatively on reasonable expectations for short-term and long-term effects 

Table 4.1 Disease-free 
survival rates based on 
Gleason score following RP

Gleason score 10-year disease-free survival rates

2–6 >70%
7 50%
>8 15%
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of surgery on activity level, continence, and sexual function so as to preserve 
patients’ quality of life.

 Urinary Recovery

Assessing the incidence of postprostatectomy incontinence (PPI) has proven quite 
difficult, given the lack of standardized definition of “incontinence” as well as the 
varying reporting sources (surgeon reports vs patient self-reporting). To some, the 
term incontinence reflects any degree of leakage no matter how inconsistent or how 
small the quantity. To others, it is defined as leakage which requires the daily use of 
at least one pad or more, thereby eliminating those patients with sporadic or small 
volume leakage not necessitating pad use. As such, reported incontinence rates fol-
lowing RP range from <1% to 87% in the literature and may include stress urinary 
incontinence (SUI) as well as overactive bladder (OAB)/urge incontinence. Most 
often, the outcomes of interest are daily pad use and quality of life impact. Relying 
on surgeon- and institution-specific continence rates is useful when educating pre-
operative patients on the potential sequelae surrounding RP. Discussing both the 
natural history of incontinence after RP as well as contributing factors to poor con-
tinence recovery are essential in the weeks preceding surgery, as these topics pro-
vide the patient with realistic expectations regarding their postoperative status.

Prostatectomy candidates must be aware that the vast majority of RP patients 
experience mild to severe leakage immediately following catheter removal post-
 RP. The degree of leakage experienced varies based on several patient, surgeon, and 
procedural risk factors (Table 4.2). The older the patient, the larger the prostate size, 
and the shorter the membranous urethral length all increase a patient’s risk for post-
operative incontinence. The current literature suggests that open prostatectomy 
rates of SUI range from 7% to 40% and laparoscopic and RARP continence rates 
are similar at 4–34% [5]. In the case of salvage prostatectomy following radiation, 
50% of the patients experience leakage.

Although incontinence can persist for months, there is a rapid decrease in leak-
age noted during the first 18 weeks following RP [6]. Thereafter, patients continue 
to improve up to 1 year, with greater than 90% having minimal leakage at that time. 
A small number of patients (1%) continued to note improvement in their continence 
status between 12 and 24 months postprostatectomy [7]. In the 5–10% of men who 

Table 4.2 Risk factors affecting continence rates following radical prostatectomy

Preoperative factors Intraoperative factors Postoperative factors

Age Surgical technique Anastomotic stricture
Preoperative continence status Surgeon’s experience level Postoperative radiation

Membranous urethral length
Prostate size
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continue to experience postprostatectomy incontinence at 12 months post-RP, there 
is a huge impact on quality of life.

Using analysis from the Cancer of the Prostate Strategic Urologic Research 
Endeavor (CaPSURE), patients tended to self-report better urinary function in the 
first year after open prostatectomy, as compared to those patients undergoing robot- 
assisted prostatectomy. However, there were no significant differences in urinary 
incontinence between the two techniques at 2 and 3 years postoperatively [8].

In the initial evaluation of post-RP incontinence, a thorough history can uncover 
various aspects, which contribute to the patient’s leakage. Characterizing the afore-
mentioned risk factors as well as the severity and type of the patient’s incontinence 
is of paramount importance. Experts commonly use “pads per day” (PPD) nomen-
clature to define a patient’s degree of leakage. Nitti et al. established that daily pad 
usage correlates well with the severity of incontinence, usually falling into one of 
three broad domains: mild (1–2 PPD), moderate (3–5 PPD), or severe (>5 PPD or 
requiring the use of an external catheter) [9]. Knowing whether the patient’s leakage 
is activity-related (stress) or urgency-related (OAB) can be crucial in determining 
effective treatment options for the patient. Additionally, various psychometric tools 
can be used to assess degree of bother and provide a more objective framework for 
comparing the impact of incontinence both before and after treatment. Some exam-
ples of these assessments are International Consultation on Incontinence 
Questionnaire – Urinary Incontinence (ICIQ-UI); UCLA-Rand Health Survey; and 
Urogenital Distress Inventory (UDI).

In addition to a detailed history, the patient’s post void residual (PVR) should be 
assessed. If consistently elevated, further evaluation via cystourethroscopy and 
UDS is warranted to rule out urethral obstruction from stricture disease and/or 
detrusor underactivity. Other indications for the use of UDS in the work-up of post-
 RP incontinence include those patients at risk for poor detrusor compliance, such as 
those with radiation cystitis or neurogenic lower urinary tract dysfunction.

The presence of bothersome OAB symptoms (urinary urgency, frequency, and 
urge urinary incontinence) should be identified and treated at any time following RP 
according to the AUA Guidelines on OAB [10]. Treatment options for postprosta-
tectomy SUI span the spectrum from conservative therapy (including lifestyle inter-
ventions and physiotherapy) to surgical interventions (Table 4.3). In general, the 
more invasive the treatment, the higher the success rates, but the greater the adverse 
events. Conservative options for treatment include absorbent pads, penile 

Table 4.3 Postprostatectomy incontinence treatment options

Intervention Examples

Supportive devices Clamps, external catheters, pads/briefs
Physiotherapy Kegel exercises, PFMT, biofeedback
Medications Approved for SUI: None

For OAB: Antimuscarinics, B3 agonist, OnabotulinumtoxinA
Injectable bulking agents Coaptite®, Macroplastique®, Durasphere®

Surgery Artificial urinary sphincter (AUS), male slings
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compression devices (clamps), and appropriately sized external catheters. These 
options may be used in conjunction with pelvic floor muscle training (PFMT) 
efforts. No approved pharmacotherapy for SUI exists for treatment of PPI in the 
United States; however, OAB symptoms can be treated with antimuscarinics or a 
B3-agonist. The artificial urinary sphincter (AUS) has been the therapeutic gold 
standard for treatment of post-RP SUI for many years.

Typically, surgical treatment of SUI is recommended at 12 months post-RP if 
initial conservative treatment strategies fail [11]. In that 12-month interval follow-
ing RP, most providers agree that patients should attempt PFMT. Various studies 
have sought to determine the efficacy of early PFMT post-RP. Unfortunately, the 
heterogeneity of these studies and the varying definition of incontinence make it 
extremely difficult to compare results. Currently, there is no compelling evidence as 
to the appropriate timeframe or specific modalities used to teach and reinforce 
PFMT. A randomized controlled trial of RP patients revealed no statistical differ-
ence in return to continence between the group that started PFMT 3 weeks before 
RP and the control group, which started PFPT postoperatively [12]. Despite that 
finding, many patients and physical therapists, alike, feel that preoperative educa-
tion on PFMT is less arduous given the lack of leakage and enhanced sensation. 
What is clear, however, is that there is a faster return to continence in those patients 
who employ PFMT techniques in the early postoperative period (once the urethral 
catheter has been removed). After 1  year, there was no statistical significance 
between the continence rates of those patients who utilized PFMT and those who 
did not [13, 14]. Ultimately, there was an improvement in symptoms regardless of 
management.

The decision to progress to surgical treatment of post-RP SUI should be a com-
bined decision made by the patient and treating urologist. Knowledge of the overall 
success rates, dry rates, and potential complication rates should be clearly commu-
nicated to the patient, thereby facilitating shared decision-making (Table 4.4).

Injectable bulking agents should not be considered a first-line treatment for PPI 
based on the low success rate. Their use is restricted to patients who cannot tolerate 
or refuse more invasive surgical options. However, in men with persistent, mild 
incontinence following sling placement, bulking agents can be utilized at the area of 
coaptation with relatively good results [15].

Mild to moderate incontinence (quantified at 1–4 pads per day) can effectively be 
treated with the male sling. Advantageous based on its safety profile and lack of 
mechanical components, the AdVance sling (Boston Scientific) is the most 

Table 4.4 Outcomes associated with surgical treatment of post-RP SUI

Injectable bulking agents Male sling AUS

Success rate 15–23% 75% 90–94%
Dry rate <10% after single injection 45–50% 60%
Infection rate 1% 2–4%
Erosion rate <1% 8.5%
Mechanical failure n/a n/a 3–6%
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frequently used transobturator urethral sling worldwide for the treatment of PPI. Its 
mechanism of action involves relocating the posterior urethra and the sphincter 
region into its original (pre-RP) position, thereby increasing the venous sealing 
effect and increasing the functional urethral length. Patients note an immediate ben-
efit following sling placement and subsequent catheter removal. Recent studies with 
follow-up 3 years post-sling revealed a cure rate of 60% and at least 50% improve-
ment noted in another 13% of patients [16]. Cure rates vary between 9% and 63% 
up to 40  months [17]. Newer generation slings have been marketed outside the 
United States but are not currently available for use in the US (Advance XP). 
Adjustable male slings have also been introduced abroad, but there has been no 
evidence that adjustability of a sling offers any tangible benefit for the patient in 
terms of QOL outcomes or overall cure rate [11].

In patients with moderate to severe PPI, circumferential occlusion of the urethra 
is necessary in order to completely coapt the urethral lumen and prevent the unde-
sired flow of urine. In the United States, the perineal artificial urinary sphincter 
(AUS) is the established standard in the treatment of moderate to severe PPI. First 
introduced in 1972, the AUS has been modified several times to create its current 
model. At present, the AMS 800 (Boston Scientific/American Medical Systems) is 
by far the most commonly used device, accounting for approximately 70–80% of 
the market. This implantable device consists of three components: an inflatable cuff, 
a pressure-regulating balloon, and a control pump. Once the device is surgically 
placed, the patient must squeeze the pump several times in order to transfer the fluid 
from the urethral cuff to the reservoir, thereby releasing the pressure on the urethra 
and allowing urine to flow. A refill-delay resistor keeps the cuff open, allowing suf-
ficient time for voiding. Approximately 60–90 seconds after the initial cycling, the 
cuff will reinflate and compress the urethra. There is a deactivation button that 
allows the cuff to be locked in the open position, if needed. Published literature 
indicates the efficacy of the AMS 800 to approach 90% with high patient satisfac-
tion rates [18].

Based on the recommendations from the AUS Consensus Group in 2015, an AUS 
should be “considered no earlier than 6 months after prostatectomy in patients pre-
senting with sufficient dexterity and cognitive function to operate the device” [19]. 
Typically, placement is via the perineal approach. Patients will need to limit physi-
cal activity for 4–6 weeks postoperatively. The device is activated 4–6 weeks after 
its implantation. Complications can include infection (1–8%), urethral erosion 
(8.5%), urethral atrophy (7.9%), and mechanical failure (6.2%) [20]. The most com-
mon cause for urethral erosion is placement of an indwelling urethral catheter, usu-
ally for another reason, such as during an orthopedic procedure. If a catheter must 
be placed in a patient with an AUS, it should be done using the smallest possible 
catheter size for the shortest time possible (ideally less than 48 hours) with the arti-
ficial sphincter in the inactivated/open position. Prolonged bladder drainage in a 
post-AUS patient necessitates suprapubic tube placement to minimize the risk of 
urethral erosion [19].

In terms of the lifespan of an AUS, Linder et al. reported an AUS device survival 
rate of 90% at 1 year, 74% at 5 years, 57% at 10 years, and 41% at 15 years [21]. 
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Radiated patients should be aware that they constitute a high-risk population with 
increased adverse outcomes and associated complications, such as an increased risk 
of erosion. Adjusted improvement rates for radiated patients approach 66% follow-
ing AUS placement.

In the case of both the male sling and AUS, coexisting OAB should be treated 
preoperatively according to AUA guidelines and is not considered a contraindica-
tion for either procedure.

 Sexual Recovery

Much like post-RP incontinence, some degree of erectile dysfunction should be 
expected postoperatively but, with nerve-sparing approaches in younger patients 
with no pre-existing ED, the loss of sexual function should be temporary. Despite 
our advances in the realm of surgical anatomy of the prostate as well as develop-
ment of minimally invasive surgical techniques, the incidence of patient-reported 
post-RP ED ranges from 65% to 85% with spontaneous recovery of baseline erec-
tile function only occurring in 30% of patients following RP [22, 23]. Factors that 
influence the severity and duration of postoperative ED include type of surgery, 
patient age at time of surgery, and preoperative sexual function/satisfaction (includ-
ing the presence of depression preoperatively). Additionally, overall vascular risk 
factors such as hypertension, hypercholesterolemia, DM, coronary disease, and 
cigarette smoking were deemed independent predictors of decreased erectile func-
tion at 3 years post-RP, regardless of nerve-sparing status and baseline erectile func-
tion [24].

CaPSURE data reveals no significant differences in sexual function at any time 
point based on open versus robotic-assisted techniques utilized. However, other 
studies indicate that there is a faster return to potency in RARP patients, as com-
pared to patients undergoing open RP.  Nerve-sparing approaches are known to 
influence postoperative sexual recovery. In the case of bilateral nerve-sparing tech-
niques, potency rates approach 70–80%, as opposed to potency rates in unilateral 
nerve-sparing techniques, which are closer to 50–60% [25]. Neuropraxia and tissue 
injury can occur during RP regardless of a nerve-sparing approach; thus, it should 
be expected that there is an immediate postoperative period of absent penile response 
under all stimulatory conditions. When the cavernous nerves are spared, patients 
note a gradual recovery of erectile function over many months, ranging from 12 to 
36 months after surgery [26]. Time of erection recovery does not uniformly occur in 
all cases. Studies have shown that patients able to achieve a spontaneous or PDE5- 
inhibitor- assisted functional erection within 3 months of RP have a favorable prog-
nosis of return to potency [27]. With that being said, the older the patient at the time 
of RP, the less likely his potency will return to baseline status, especially over the 
age of 60. At 36 months postoperatively, 70% of men less than 60 years old at the 
time of surgery demonstrate recovered erectile function. That number declines to 
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45% of 60–65 year olds and only 30% of those men >65 years old [28]. When surgi-
cal techniques require a wide excision of locally advanced prostate cancer or nerve- 
sparing attempts are inadequate, the expectation should be unrecoverable loss of 
erectile function.

To facilitate in the assessment of degree of impact from ED, providers may use 
validated questionnaires such as the Erection Hardness Score (EHS), Sexual Health 
Inventory for Men (SHIM), or the more-detailed International Index of Erectile 
Function (IIEF) [29–31]. These instruments can also help gauge treatment effective-
ness. As such, it can prove very useful to have preoperative RP patients complete 
one of these psychometric tools so as to establish baseline erectile function.

Treatment options for post-RP ED include psychosocial support (which has 
proven highly beneficial in the immediate postoperative period), oral phosphodies-
terase 5 inhibitors, vacuum erection devices, intracavernosal injections, or penile 
prostheses. At the time of publication, low intensity extracorporeal shock wave 
therapy and intracavernosal stem cell therapy are considered investigational in the 
treatment of ED.

Penile rehabilitation strategies can be used to promote corporal circulation in 
the postoperative period. Typically, penile rehab protocols involve the use of oral 
phosphodiesterase 5 inhibitors (PDE5-i) postoperatively. Interestingly, however, 
randomized controlled clinical trials failed to demonstrate that PDE5-i use within 
the first 45 days post-RP improved unassisted erectile function. In fact, there was 
no difference in erectile function between men using PDE5-i and those taking a 
placebo in the early postoperative period; moreover, the use of PDE5-i did not 
increase the utility of on-demand erection medications in the future [32]. For these 
reasons, there is no clear indication for a particular post-RP penile rehabilitation 
protocol.

Just as in the general ED population, post-RP patients experience a similar effi-
cacy between sildenafil, tadalafil, and vardenafil. Due to its more recent entry into 
the market, avanafil has limited data in the post-RP population. Despite the compa-
rability between the various PDE5-inhibitors, the overall success rate in men using 
oral pharmacotherapy status post-RP is much lower than in the general population 
(30% and 60%, respectively) [33]. Interestingly, men post-RP reported higher rates 
of side effects than their counterparts in the general ED population. This was par-
ticularly the case with sildenafil in regards to headache and flushing. It is not known 
whether post-RP patients actually have more side effects from these medications or 
if they are simply more likely to report adverse events. Based on American 
Urological Association (AUA) Guidelines, treatment with PDE5-i is better than 
doing nothing but there is no solid evidence that a specific drug or even daily vs on- 
demand therapy is more advantageous [32].

Some patients may inquire about the risk of prostate cancer recurrence as a result 
of PDE5-i use. Initial studies did postulate that PDE5-i use was an independent risk 
factor for prostate cancer recurrence in men with localized disease who underwent 
RP, but subsequent studies have revealed no increased risk associated with recur-
rence in men who use PDE5-i post-RP [32].
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In those patients who do not desire, do not respond to, or cannot tolerate oral 
pharmacotherapy, vacuum erection devices (VED), medicated urethral system 
for erections (MUSE), or intracavernosal injections (ICIs) can be considered. 
VEDs have been on the market since the 1960s and offer a noninvasive, non-
pharmacologic option for treatment of ED. Studies on VED use in post-RP men 
indicate a high patient and partner satisfaction rate, with over 80% of users 
achieving an erection sufficient for intercourse [34]. The combined use of 
PDE5-i and VED further increased the ability to achieve a usable erection [35]. 
However, long-term use of a VED is low, as only 40% of users continue this 
modality as their primary form of treatment of ED after 1 year. Potential tran-
sient side effects associated with VED use include penile bruising, discomfort, 
loss of sensitivity, inhibited ejaculation, or difficulty with the device. Although 
more invasive, ICI use has higher outcome measures in observational studies, 
including satisfactory erections. Various injectable medications can be used, 
including combinations of the following: alprostadil, papaverine, phentolamine, 
and atropine. Once appropriately dosed in the office, a patient can then self-
inject a specified amount of medication in the corpus carvernosa of the penis to 
produce an erection at that time in which it is desired. Despite the fact that dif-
ferent medications lead to similar rates of successful intercourse, their adverse 
profiles differ. Specifically, pain was greatest in men who used papaverine (pain 
with injection) and alprostadil (pain with erection) [32]. Other potential side 
effects of all ICI medications include priapism, injection site hematoma, penile 
fibrosis/plaque, or deformity.

Once other treatments for post-RP ED have been offered, implantation of a 
penile prosthesis may be discussed. Currently, there are several devices available 
including malleable (noninflatable options) as well as two- or three-piece inflatable 
prostheses. Inherent in any surgical procedure are risks. In addition to general surgi-
cal adverse events, placement of a penile prosthesis incurs the additional risks of 
infection (typically within the first 3 months after surgery), erosion, and mechanical 
failure. Once a penile prosthesis is placed, the likelihood of response to any of the 
aforementioned treatment options for ED is very low, even if the prosthesis is sub-
sequently removed. Thus, this treatment option should be considered as one of last 
resort. However, satisfaction rates approach 95% in men with inflatable prostheses 
and 75% in men with malleable (noninflatable) prostheses. Partner satisfaction rates 
were similar [32, 36]. Moreover, 98% of patients with an inflatable penile prosthesis 
continue to find it suitable for intercourse after 5 years. Despite these high efficacy 
rates, only 0.78% of patients treated with either RP or radiation therapy eventually 
receive a penile implant [37].

In patients suffering from both PPI and post-RP ED who desire surgical inter-
vention for both conditions, a combined surgical procedure involving placement 
of an AUS and penile prosthesis can be offered. Complication rates for these indi-
vidual procedures are not increased for the combined surgical procedure and the 
cost of a combined procedure is significantly less than two separate proce-
dures [38].
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Chapter 5
Multimodal Treatment Plans in Prostate 
Cancer

Rachel Lin Flanagan and Jeffrey John Tomaszewski

 Introduction

In Western nations, most patients with prostate cancer are diagnosed with localized 
disease (T1–T4N0M0), including >80% of patients in the USA [1]. Localized pros-
tate cancer can present with a low, intermediate, or high risk of biochemical relapse, 
with ~15% of patients being classified as high risk at presentation [2, 3]. Prostate 
cancer is highly curable, and the choice between treatment options including sur-
gery, radiotherapy, and/or androgen deprivation therapy (ADT) is dependent upon 
risk group. Since patients with a high-risk disease remain at increased risk for pros-
tate cancer mortality [4], the establishment of an appropriate multimodal treatment 
strategy approach is particularly important for men with high-risk localized disease 
[5]. There is no consensus regarding the optimal treatment strategy for high-risk 
localized disease; both EBRT plus ADT and surgery administered within the con-
fines of a multimodality setting are excellent treatment options. Given more precise 
pathological staging, avoidance of morbidity associated with ADT, and the ability 
to use postoperative PSA to guide the choice of adjuvant or salvage strategies, surgi-
cal resection is becoming the initial treatment modality of choice for high-risk and 
locally advanced prostate cancer [5–9].

Radical prostatectomy (RP) provides excellent local control for patients with 
organ-confined prostate cancer; however, the overall risk of biochemical recurrence, 
defined by a postoperative prostate-specific antigen (PSA) level of >0.2 ng/mL, is 
approximately 30% at 10 years following surgery [10]. Among patients with high- 
risk localized prostate cancer, including those with PSA > 20  ng/mL, Gleason 
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score > 7, stage ≥ pT3, or an accompanying positive surgical margin [6], the risk of 
recurrence varies between 20% and 70% at 5 years following surgery [11]. To avoid 
overtreatment and unnecessary morbidity, measured and nuanced objective risk 
stratification is imperative prior to consideration and initiation of postoperative 
radiotherapy (RT) [12]. In addition to the aforementioned risk categories and tradi-
tional variables, the utilization of genomic biomarkers following RP can assist 
patients and physicians in their decision-making process regarding conservative 
management versus adjuvant RT and ADT [13].

 Postoperative Radiation Therapy

Several types of RT are available for use following RP. External beam radiation 
therapy (EBRT) is defined as the use of high-energy radiation directed to a localized 
area of the body in an attempt to kill or slow the growth of cancer cells and shrink 
tumors. In the setting of multimodal treatment of prostate cancer following RP, 
EBRT is directed at the pelvis. RT damages intranuclear DNA, which inhibits 
appropriate DNA transcription and protein translation, inhibits cellular replication, 
and ultimately induces apoptosis. Following RP, RT can be considered in patients at 
higher risk for biochemical recurrence secondary to the presence of positive surgi-
cal margins, stage ≥ pT3 disease, or a detectable PSA. Other commonly used RT 
modalities include three-dimensional conformal radiotherapy (3D-CRT), which 
incorporates the use of imaging technology such as MRI, CT scan, or PET in an 
effort to shape the radiation beams to match the targeted treatment area. This in turn 
helps limit collateral damage to adjacent healthy tissue. Intensity-modulated radio-
therapy (IMRT) is an advanced form of 3D-CRT that allows for more precise deliv-
ery of concentrated radiation doses to a specific location, thereby sparing the 
surrounding healthy tissue [14].

The appropriate timing of RT following RP has been studied extensively and 
thoroughly debated. For patients with pT3 node-negative disease and an undetect-
able PSA following RP, two RT options exist: adjuvant radiation therapy directed at 
the prostatic fossa, and observation with routine PSA testing to monitor for bio-
chemical recurrence followed by salvage radiation therapy once PSA levels rise to 
0.2 ng/mL and ideally prior to PSA levels exceeding 0.5 ng/mL [15]. The notable 
differences between adjuvant and early salvage RT require close consideration and 
further exploration.

 (a) Adjuvant Radiation Therapy (ART): ART is indicated for the treatment of 
patients at high risk for biochemical recurrence, including those with adverse 
pathologic features such as seminal vesicle invasion, extracapsular extension, 
or positive surgical margins. In the adjuvant radiation treatment setting, the 
PSA is typically very low to undetectable (<0.1 ng/mL). The initiation of ART 
typically begins between 4 and 6 months after RP and is administered at an 
average dose between 60–64 Gy [14].
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 (i) Efficacy: Three large, high-quality randomized control trials have examined 
the efficacy of ART following RP. The Southwest Oncology Group (SWOG 
8794) [16], European Organization for Research and Treatment (EORTC 
22911) [17, 18], and Applied Radiation Oncology (ARO 96-02, [11]) trials 
evaluated the effect of ART following RP on metastasis-free survival, clini-
cal progression-free survival, and biochemical progression-free survival, 
respectively. Overall, these studies demonstrated significant improvements 
in biochemical recurrence-free survival in patients with ≥pT3 disease 
treated with ART when compared to observation following RP [19, 20]. 
Further, the ARO trial reported an 18% benefit in biochemical progression- 
free survival in patients with pT3 disease with or without positive margins 
at 5 years following ART [11]. The SWOG and EORTC trials also demon-
strated reduced rates of local recurrence and improved clinical progression- 
free survival in patients treated with ART. However, the SWOG trial was the 
only trial that found a significant improvement in overall survival (74% in 
ART vs 66% in RP) and metastasis recurrence-free survival (71% in ART vs 
61% in RP) at >12 years of follow-up [20].

 (b) Salvage Radiation Therapy (SRT): SRT is recommended in patients with a 
PSA-only recurrence (PSA of >0.2 ng/mL) following RP, and no evidence of 
distant metastatic disease. A second confirmatory PSA should be obtained prior 
to initiation of SRT to ensure PSA levels are >0.2 ng/mL. The average dosing 
for SRT starts around 66 Gy if PSA does not exceed 0.5 ng/mL [14].
 (i) Efficacy: Outcomes following SRT vary greatly and are largely dependent 

upon PSA levels at the time of administration. Observational studies have 
demonstrated improved rates of local recurrence when compared to surgery 
alone, but the benefits may be specific to certain pathologic risk groups [20]. 
The highest efficacy rates are observed in patients with at least two high-risk 
pathologic features, including Gleason Grade 8 disease or greater, pT3b/
pT4 stage, or negative margins when SRT was administered at the first 
detectable rise in PSA. Patients exhibiting more adverse traits demonstrated 
an increased risk of 5-year biochemical recurrence, with rates increasing by 
10% for every 0.1 ng/mL rise in PSA. This is in stark contrast to the 5-year 
biochemical recurrence risk (0.5% per 0.1  ng/mL of PSA) for men who 
demonstrated one or no adverse risk features [10].

At present, the question regarding which modality of post-RP RT is 
superior remains unclear. Studies of SRT focus on patients who have already 
relapsed, and they cannot be directly compared to those treated with ART, 
thus it is not possible from the available evidence to conclude the superiority 
of one approach [20].

 (c) Risks and Side Effects of RT: Both ART and SRT have the potential to nega-
tively affect functional outcomes relating to urinary, erectile, and gastrointesti-
nal symptoms [10]. RT toxicity varies dependent upon the modality of RT 
utilized. It is also understood that the decision to treat patients at higher risk for 
 biochemical recurrence with ART will ultimately result in overtreatment for a 
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number of patients, as a percentage of patients would never have gone on to 
develop recurrent disease, thus exposing them to unnecessary radiation [20].

The World Health Organization (WHO) uses a functional scale ranging from 
grade 0 to 4 to quantify patient-reported symptom severity. 0  =  no change, 
1 = slight disturbance, 2 = greater disturbance but no interference with daily life, 
3 = symptoms require treatment and 4 = severe symptoms requiring higher-level 
treatment or hospitalization. Acute toxicity from RT typically occurs within 
90 days of treatment. The most common acute genitourinary symptoms (totaling 
percentages as a whole for grades 1–4 on the WHO scale) are urinary frequency 
(65%), dysuria (49%), and hematuria (4%). The most common acute gastrointes-
tinal symptoms reported include diarrhea (61%), nausea, and vomiting (4%). 
Late toxicity is defined as symptoms persisting or developing past 90 days and 
can last for many years following RT. In patients treated with SRT, the probabil-
ity of developing grade 2–3 genitourinary toxicity rose from 12% at 24 months 
to 22% at 60 months. The most common grade 2 or greater late genitourinary 
side effects experienced 5 years following EBRT or 3d CRT include urinary fre-
quency (14%), hematuria (8%), and urinary incontinence. Incontinence was 
more prominent in patients who underwent EBRT (7.5%) versus 3D CRT (4%). 
Urethral stricture requiring dilation was comparable between ART (5%) and 
SRT (3%) at 8  years following treatment. Late gastrointestinal side effects 
5 years following RT are infrequent, with rectal bleeding occurring most com-
monly (12%). Rectal bleeding was significantly more common in patients treated 
with 3D CRT than EBRT (17% versus 8%, respectively) [20].
 (i) Effects on Erectile Function: The effects of post-RP RT on erectile function 

are difficult to ascertain given limited available comparative studies and a 
lack of significant data in the post-prostatectomy setting. To appropriately 
analyze and interpret functional outcomes following RT, a number of vari-
ables must be accounted for, including consistent use of RT among all 
patients in a selected study, erectile function prior to RP, documentation of 
erectile function recovery following RP prior to RT, and the utilization and 
degree of nerve-sparing at the time of RP. In a study that thoroughly docu-
mented erectile function before and after RP and RT, 62% of patients had 
erectile dysfunction following RP but prior to RT; the rates of ED increased 
to 66% at 2 years post-RT. There were no changes over time in the number 
of men reporting problems with erectile strength, sexual performance, or 
anorgasmia [20]. Given the variation in the sequencing of therapy, incom-
pletely reported outcomes, and the inability to differentiate the contribution 
of each treatment component on function, the true impact of postoperative 
RT on erectile function may be difficult to determine.

 (ii) Secondary Malignancies: Due to the lack of available data, the impact of 
RT on the development of secondary malignancies is not known. There 
have been no trials focused on ART or SRT that have demonstrated signifi-
cant secondary malignancy information. Other coexisting variables must 
be taken into consideration, such as tobacco abuse, family history, and 

R. L. Flanagan and J. J. Tomaszewski



47

environmental exposure. It is difficult to attribute the sole etiology of sec-
ondary malignancies to RT [20]. In the primary therapy setting, determin-
ing the risk of secondary pelvic malignancy following prostate cancer 
radiotherapy has been proved to be difficult due to several factors: long lag 
time, insufficient power in institutional databases to detect differences, 
lack of comparator populations, and lack of details regarding radiotherapy 
modalities in large database studies; there is a clear need for high- quality 
studies [21].

Huang et al. [22] found no significant increase in in-field secondary malignancy 
risk compared with prostatectomy. de Gonzalez et al. [23] found that the relative 
risk of bladder cancer was 1.16 (95% confidence interval [CI] 0.95–1.40) and that 
of rectal cancer was 0.59 (95% CI 0.4–0.88). When comparing BT with EBRT, they 
found that the risk was lower for all in-field cancers (bladder and rectal) with BT; 
however, when combining BT with EBRT, the relative risk of bladder cancer was 
1.25 (95% CI 1.00–1.56) compared with EBRT alone [24]. Zelefsky et  al. [25] 
reported on patients treated with IMRT (using a median prescribed dose of 81 Gy), 
and with BT alone or in combination therapy [24]. They found that 15% of EBRT 
patients and 10% of BT patients developed in-field and out-of-field secondary 
malignancies after a mean follow-up of 84–90 mo. However, compared with a pop-
ulation-matched cohort derived from the SEER tumor registry, they found that there 
was no excess risk of in-field malignancy [24, 25].

 Genomics

Extensive genomic studies and whole-genome mapping have greatly improved our 
understanding of prostate carcinogenesis. Prostate cancer is characterized by a high 
degree of pathological and genetic heterogeneity compared to other human cancers 
[26]. Recently, several studies have investigated the molecular basis of primary 
prostate cancer and have identified recurrent genomic alterations, including muta-
tions, DNA copy-number changes, gene rearrangements, and gene fusions [26–28]. 
Heterogeneous genomic aberrations may lead to prostate cancer onset, disease pro-
gression, and metastatic potential [26]. This heterogeneity may also contribute to 
the variable drug responses observed among affected patients [26]. The most com-
mon gene fusion in prostate cancer is between the transmembrane protease serine 2 
(TMPRSS2) and a transcription factor known as ERG, which is part of the 
erythroblast- transformation specific (ETS) gene family. The TMPRSS2-ERG fusion 
gene is present in 50% of prostate tumors. This finding along with other genetic 
studies has demonstrated combinations of gene expression, which may help deter-
mine prostate cancer aggressiveness [29]. Knowledge of TMPRSS2-ERG gene 
fusion status provides additional risk stratification information to patients and pro-
viders and can inform decisions regarding adjuvant therapy [30]. Prostate cancer is 
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a disease that involves dynamic changes in the genome, and further risk stratifica-
tion using molecular features could potentially help distinguish indolent from 
aggressive prostate cancer [26].

 (a) Hereditary Prostate Cancer: There have been no known cloned hereditary pros-
tate cancer genes; therefore, the diagnosis of hereditary prostate cancer is based 
on knowledge of a nuclear family with three cases of prostate cancer, a family 
with three generations of prostate cancer in either paternal or maternal lineages, 
and families with at least two cases of prostate cancer diagnosed prior to the age 
of 55. Further, brothers of men with the disease are at greater risk for the devel-
opment of prostate cancer when compared to sons of men who have been diag-
nosed. In terms of early-onset disease, family history appears to play a significant 
role as hereditary prostate cancer is diagnosed 6–7 years earlier on average than 
sporadic prostate cancer [31]. As a result of earlier emergence, a larger number 
of men with hereditary prostate cancer die of the disease when compared to 
men with nonhereditary disease [31]. Studies have shown that dominantly 
inherited susceptibility genes with high penetrance cause 5–10% of all diag-
nosed prostate cancers and as high as 30–40% of early-onset disease [29]. No 
studies available to date have demonstrated a difference in tumor grade or 
pathologic stage at diagnosis between sporadic vs hereditary prostate cancer, 
and treatment strategies remain the same for both types [31].

Men at high risk for prostate cancer should be offered screening at or before 
the age of 45, and in families with known hereditary disease, it is appropriate to 
start screening 5 years before the earliest age of diagnosis in the family and 
10 years prior to the age of first metastatic development [31]. PSA and digital 
rectal exam are the generally accepted means of initial prostate cancer screen-
ing. If these measures are found to be abnormal, prostate biopsy typically 
ensues. Biopsy provides beneficial information regarding primary/secondary 
Gleason patterns, the number of positive biopsy cores, and the percentage of 
disease involved within each core, all of which may influence risk stratification 
and treatment. There are also several genomic biomarker tests available in the 
USA that utilize tissue obtained via biopsy or prostatectomy, which can further 
help to risk stratify patients. The three predominant genomic biomarker tests 
include Decipher® Prostate Cancer Test (GenomeDx Biosciences, San Diego, 
CA), Oncotype offered through Genomic Health, and the Prolaris test offered 
through Myriad Genetics [13].

 (b) Genomic Tests:
 (i) Decipher: The Decipher Prostate Cancer Test is a genomic test that serves 

as a prognostic marker of cancer control outcomes in patients who have 
undergone RP [32]. Based on the expression pattern of 22 RNA markers in 
the RP specimen, it allows postsurgery risk stratification of patients to pre-
dict the likelihood of metastases and cancer-specific mortality, determine 
the need for adjuvant versus salvage therapy based on a discrete cut-off 
score, and, in patients who have already had a biochemical recurrence 
(BCR), guide the treatment decision for early/multimodal salvage therapy 
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versus salvage therapy alone [32, 33]. The test can be performed with either 
prostate biopsy tissue from newly diagnosed men or micro-dissected tissue 
from RP patients demonstrating unfavorable pathologic features. The test 
utilizes a Genomic Classifier score ranging from 0 to 1, in which a higher 
score indicates a higher probability of clinical metastasis. For every 0.1 
increase in the classifier score, there is a 10% increased risk for metastasis. 
The GC scores are stratified into three risk groups (GC < 0.45, GC 0.45–0.6, 
and GC > 0.6), based on the cumulative incidence of metastasis [32]. Novel 
biomarkers like the Decipher test can be used to improve patient selection 
for RT after surgery, and the results may influence decisions regarding the 
initiation of ART and SRT. Following RP, men with Decipher scores of >0.6 
(high risk) displayed up to an 80% reduced rate of metastatic progression if 
they received ART [30]. Furthermore, men with two or more risk factors 
(including pT3b-pT4 disease, lymph node invasion, Gleason 8 or higher 
disease, or Decipher scores of >0.6) revealed over a quadruple reduction in 
metastasis at the 10-year mark if they underwent ART [11]. There was no 
significant risk reduction associated with ART in men who were classified 
as low genomic risk [31].

Among 188 PCa patients with pT3 disease and/or positive surgical mar-
gins who were treated with RP and postoperative RT, the cumulative inci-
dence of metastasis at 5  years after RT was 0%, 9%, and 29% for low, 
average, and high Decipher scores, respectively (P = 0.002) [34]. Within the 
low Decipher score (<0.4), there were no reductions in the cumulative inci-
dence of metastasis for patients who received aRT compared with sRT 
(P = 0.79) [34]. Conversely, for patients with higher Decipher scores (≥0.4), 
the cumulative incidence of metastasis at 5 years was 6% for patients treated 
with aRT compared with 23% for patients treated with sRT (P = 0.01) [34]. 
Cox regression modeling demonstrated an 80% reduction in metastasis risk 
in the Decipher high-risk patients who received aRT compared with sRT 
[34]. Compared to clinicopathologic characteristics alone, using the 
Decipher test can significantly improve the discrimination accuracy in pre-
dicting biochemical failure (improved by 8%) and distant metastasis 
(improved by 10%) [30, 35].

 (ii) Prolaris: The Prolaris assay developed by Myriad Genetics evaluates the 
expression of 31 cell-cycle-related genes and 15 housekeeping genes. The 
results are represented as a cell-cycle progression (CCP) score (scale −3 to 
7), which is a proliferative index that can be used to assess the risk of adverse 
outcomes [36]. The test attempts to predict the 10-year risk of biochemical 
recurrence or death from prostate cancer, and has been validated on tissue 
obtained from RP and prostate needle biopsies [36, 37]. For every unit 
increase in the Prolaris score, a patient’s risk of prostate-cancer- specific 
mortality doubles. The CCP score has been shown to be a stronger predictor 
of 10-year PCa-specific mortality than PSA and Gleason Grade (HR of 1.65 
for a one-unit change in CCP) [38]. Two studies have evaluated the role of 
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Prolaris to predict metastasis and recurrence following definitive therapy. 
Following RP (HR 1.55 per unit increase in CCP for diagnostic needle 
biopsy) [39] and EBRT (HR per unit increase in CCP = 2.11, [40]), CCP 
scores were able to predict BCR at 10 years posttreatment follow-up. While 
there is considerable heterogeneity in the uptake and impact of this test 
among physicians [41], the test may provide a useful objective way to strat-
ify men considering adjuvant therapy [36].

 (iii) Oncotype Dx: The Oncotype Dx assay (Genomic Health) is a tissue-based 
test that evaluates the expression of 17 genes and reports the results as a 
Genomic Prostate Score (GPS), ranging from 0 to 100 [42]. The test is cur-
rently included in the National Comprehensive Cancer Network (NCCN) 
guidelines and, combined with clinical risk group guidelines, can help pre-
dict the risk of discovering high-grade pathology after RP in patients who 
present with biopsy-confirmed low- to intermediate-risk disease. The genes 
evaluated are involved in tissue response, growth, androgen signaling, and 
cellular organization. A number of studies have validated the ability of the 
GPS to predict adverse pathology at RP. Among a cohort of nearly 400 men, 
a 20-point increase in GPS predicted adverse pathology (OR 1.9, 95% CI 
1.3–2.9), as well as high-grade disease (OR 2.3, 95% CI 1.5–3.7), and non-
organ confined disease (OR 1.9, 95% CI 1.3–3.0). Similar results were 
observed in a second validation study [43], with GPS associated with 
adverse pathology (OR 3.23, 95% CI 2.14–4.97 per 20 units), high-grade 
disease (OR 2.60, 95% CI 1.65–4.15), and non- organ confined disease (OR 
3.55, 95% CI 2.33–5.54). The test has also been shown to predict BCR (HR 
2.93, 95% CI 2.03–4.15) and metastasis (HR 3.83, 95% CI 1.13–12.6 per 
20-unit increase) [44].

 (c) Disadvantages of Genomic Screening: With any testing or treatment modality, 
there will always be drawbacks. Cost is typically the number one factor taken 
into consideration and is largely associated with the underutilization of these 
measures. The tests can range from $3400–$4250 per use, and many insurance 
companies provide no or only partial coverage, increasing patient’s out-of-
pocket expense. Estimates have shown that publicly funding Prolaris could 
result in a total net budget impact of $41.3 million in the first 5 years, which 
would not be offset by the $7.3 million in projected savings associated with the 
increased use of active surveillance [36]. At least one study estimated a cost 
savings of $2286 per patient with the use of OncotypeDx testing, likely arising 
from the decrease in interventions [16]. No studies to date have evaluated the 
cost-effectiveness of Decipher.

A second consideration prior to the utilization of genomic biomarker testing 
is whether the test will ultimately result in a change of clinical decision-making. 
There is always a chance that genomic biomarker tests may yield results that are 
non-informative, and thus be considered unnecessary. In an effort to determine 
if these measures were notably influential on clinical decision-making, multiple 
clinicians have been surveyed following the use of all three of the aforemen-
tioned tests, and the results appear to indicate increased confidence in clinical 
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decision-making, reduced decisional conflict, and patient anxiety, as well as a 
change in conclusions regarding treatment in up to one-third of patients follow-
ing Prolaris or Decipher [30, 36].
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Chapter 6
Radiotherapy for Prostate Cancer

Ann E. Donnelly and Robert Den

 Radiotherapy Techniques

 External Beam Radiation Therapy

External beam radiation therapy (EBRT) is a method of radiation therapy in which 
radiation is delivered by means of a beam of energy that passes into and out of a 
targeted body site. External beam radiation therapy is delivered in several fractions, 
or doses, over a prescribed number of days. Patients do not carry any radioactive 
material in their bodies after each dose of EBRT. There are several methods of deliv-
ering EBRT.

In 3D conformal radiation therapy, solid beams of radiation are targeted to the 
site of a tumor in the shape of that tumor. The shapes of the beams are designed to 
limit radiation dose to the surrounding tissues but are not generally as precise as 
some other forms of radiation therapy. The 3D conformal radiation can be given in 
multiple doses over a period of days or can be given as a single higher dose fraction, 
usually for palliation.

IMRT, or intensity-modulated radiation therapy, is a radiation therapy technique 
in which computers are used to aid in the modification of radiation beams to con-
form to the shape and location of a tumor using a CT scan simulation for planning. 
In IMRT, the radiation beam is made up of multiple smaller beamlets in which the 
intensity, or strength, of each beam can be altered so that a more precise dose of 
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radiation is delivered to the tumor while decreasing the dose to the surrounding tis-
sues. In IMRT, radiation is given in fractions over a period of days to weeks.

SBRT, or stereotactic body radiation therapy, is a method of radiation therapy that 
delivers a high dose per fraction, highly targeted radiation in five or fewer fractions. 
SBRT is only possible with image-guided delivery systems [3]. SBRT may cause more 
toxicities than IMRT due to the higher dose of each fraction given [22]. Most often, 
SBRT is used to target the prostate in patients with localized disease. Further studies 
are needed to look at the long-term effects of SBRT with prostate cancer patients [3].

Proton beam radiation therapy is a type of radiotherapy in which positively charged 
atomic particles are used to treat a precise area of the body [23]. Proton beam therapy 
has a more narrow range of delivery of energy to the surrounding tissues, which may 
deliver a more targeted dose of radiation therapy to the tumor and avoid injury to the 
surrounding healthy tissue [1]. Proton beam therapy can decrease the radiation dose 
to the surrounding tissues, such as bones, vasculature, and muscle, which do not usu-
ally contribute to the overall morbidity of radiation therapy to the prostate [3]. 
Evidence now indicates that the potentially high doses of radiation therapy to the 
bladder and rectum contribute most to the toxicities that patients experience in the 
long term after treatment [3]. Therefore, if a plan can limit the radiation dose to the 
bladder and rectum, it is more likely to have benefit in the long term for the patient 
than decreasing the dose to other surrounding structures that are likely getting a lower 
overall dose [3]. Several studies have looked at the differences in overall effectiveness 
and toxicities between proton beam therapy and photon beam radiotherapy. Costs 
associated with proton beam therapy are generally higher than for photon beam ther-
apy. Overall, it is thought that more information is needed in order to determine if 
proton beam therapy is superior or inferior to photon beam therapy approaches. The 
position of the American Society for Radiation Oncologists (ASTRO) on proton ther-
apy includes treatment with protons for nonmetastatic prostate cancer when a patient 
is enrolled in an IRB-approved clinical trial or as part of a registry [23]. According to 
the American Urological Association (AUA) guidelines, patients should be informed 
that proton therapy offers no advantages over other forms of treatment [4].

IGRT, or image-guided radiation therapy, uses daily imaging techniques prior to 
each dose of radiation to ensure that the patient is lined up in the exact same way 
each day of treatment in order to optimize accuracy. Often times, gold fiducials are 
placed into the prostate gland prior to starting radiation therapy as a way to track the 
patient’s positioning and ensure accuracy during treatment. Other means of IGRT 
include cone beam CT scans, MRIs, and ultrasounds. IGRT can be incorporated 
with any of the previously discussed external beam techniques.

 Brachytherapy

Brachytherapy is a radiation technique in which a radiation source is delivered 
directly into the targeted area of treatment. Certain factors may make brachytherapy 
more difficult for some patients, such as those with a very small or very large 
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prostate gland [3]. Patients may have more side effects if they have evidence of 
bladder outlet obstruction or a history of previous transurethral resection of the 
prostate (TURP) [3]. Occasionally, androgen deprivation therapy (ADT) can be 
used to decrease the size of the prostate for brachytherapy, but it may not always be 
effective and there are additional risks for side effects with ADT [3]. Brachytherapy 
can be used as a definitive treatment for early-stage disease (very low, low, or favor-
able intermediate risk) or as a boost for higher-risk cancers to improve the overall 
effect of radiation treatment [3]. Brachytherapy can be used as a boost for patients 
with high-risk disease who are also receiving ADT [3]. Brachytherapy has been 
shown to increase overall control, but with more evidence of toxicity [3]. It is a 
common practice to give ADT for 2–3  years in patients with high-risk disease 
receiving a combination of external beam radiation therapy and brachytherapy, but 
the advantages of the addition of ADT are unclear in the data available [3]. 
Brachytherapy salvage treatment could be considered in men with biochemical 
recurrence who have had external beam radiation therapy in the past and can be 
considered in carefully selected patients who have had prior brachytherapy to the 
prostate [3].

There are some advantages and disadvantages to brachytherapy for prostate can-
cers. Patients are usually treated in 1 or 2 days, which decreases time away from 
work and regular daily activities. If patients have not previously had a TURP, the 
risk for urinary incontinence is low [3]. Erectile function has also been seen to be 
preserved in the short term after radiation therapy [24]. Disadvantages of brachy-
therapy include the need for general anesthesia and the risk for acute urinary reten-
tion after treatment. Some of the voiding symptoms may last up to 1  year after 
therapy [3].

High-dose-rate brachytherapy, or HDR brachytherapy, involves temporary inser-
tion of a radioactive source into the prostate for a prescribed amount of time fol-
lowed by removal [3]. This is considered a newer method of prostate brachytherapy. 
HDR brachytherapy sources are often introduced via catheters placed through the 
rectum and into the prostate tissue via ultrasound guidance.

Low-dose-rate brachytherapy, or LDR brachytherapy, often involves the place-
ment of permanent seeds into the prostate that emit radiation and provide therapy 
over time. Radiation from the seeds is of a short range, so toxicity to the bladder and 
rectum is decreased [3]. After the use of low-dose-rate brachytherapy, dosimetry 
should be performed to assess the quality of the implant [3]. LDR brachytherapy 
should be avoided in patients with local disease and a prior transurethral resection 
of the prostate or with significant lower urinary tract symptoms not related to the 
cancer [4]. IMRT has been found to cause less genitourinary side effects in the short 
and long terms than with brachytherapy seed implants [25]. Because LDR brachy-
therapy with radioactive seeds remains in the prostate to emit radiation and provide 
therapy over time, internal radiation precautions are taken.

Because HDR brachytherapy involves the temporary placement of radioactive 
sources in the prostate gland, patients are not considered radioactive after therapy. 
Patients treated with low-dose radiotherapy have implanted seeds that, while 
uncommon, can migrate from the prostate. There is some evidence for decreased 
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urinary symptoms and rectal discomfort with HDR brachytherapy compared to 
LDR brachytherapy [26]. HDR brachytherapy may also have a decreased risk for 
erectile dysfunction after treatment compared to LDR brachytherapy [26].

Radiopharmaceuticals, or radioactive compounds used to treat prostate cancer, 
are discussed in a later chapter.

 Radiation Therapy Based on Prostate Cancer Staging

Prostate cancer is categorized into low-risk, favorable intermediate-risk, unfavor-
able intermediate-risk, and high-risk disease based on staging at diagnosis, taking 
into account the physical exam, Gleason score, and prostate-specific antigen 
(PSA). For patients with early-stage disease, external beam radiation therapy is 
considered to be similar to radical prostatectomy in terms of progression-free sur-
vival when patients are classified according to staging [3]. Radiation may be a 
better option for patients with comorbidities that make the surgical intervention 
more risky or for patients who are not interested in surgery. Radiation therapy for 
prostate cancer should not be considered in patients with prior pelvic radiation 
therapy, active inflammatory disease of the pelvis, or permanent urinary catheters 
[3]. Caution should be used in patients with low bladder capacity, chronic diarrhea, 
bladder outlet obstruction requiring a suprapubic tube, and inactive ulcerative 
colitis [3].

Patients with very-low-risk prostate cancer are generally advised to enroll in 
active surveillance instead of treatment. No imaging studies are recommended at 
the time of diagnosis if patients are asymptomatic [4]. Patients with very-low-risk 
prostate cancer and a life expectancy of less than or equal to 5  years should be 
encouraged to pursue active surveillance [4].

Patients with low-risk prostate cancer are also often advised to undergo active 
surveillance. If radiation therapy is considered for patients with low-risk prostate 
cancer, the use of highly conformal radiation therapy is recommended. Pelvic nodal 
radiation is not recommended, nor is concurrent ADT [3]. Patients with low-risk 
disease can be offered either EBRT or brachytherapy for definitive treatment [4].

In patients with favorable intermediate-risk disease, radiation therapy and radical 
prostatectomy should be offered [4]. Generally, pelvic nodal radiation therapy and 
ADT are not used, though they may be added if there are signs of increased risk for 
the individual [3]. Patients can be offered either EBRT or brachytherapy as a single 
modality or in combination for intermediate-risk disease [4].

Men with unfavorable intermediate-risk prostate cancer should have staging 
imaging with a CT scan or MRI and a bone scan prior to the start of definitive treat-
ment to assess for evidence of metastatic disease [4]. Nodal radiation can be consid-
ered depending on the clinical scenario and imaging studies. ADT is recommended 
for most patients, unless there are comorbidities that preclude the use or other fac-
tors that indicate the disease may be less aggressive [3].
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High-risk prostate cancer patients should have staging imaging with a CT scan 
or MRI and a bone scan at diagnosis to assess for evidence of metastatic disease [4]. 
Nodal radiation can be considered and ADT is given unless contraindicated [3]. 
Men with high-risk prostate cancer can be offered EBRT alone or in combination 
with brachytherapy, but this should be given with ADT [4]. The various hypofrac-
tionation schedules should be discussed with patients if nodal radiation therapy is 
not going to be given [4].

Very-high-risk prostate cancer patients should have pretreatment imaging with a 
CT or MRI and a bone scan to assess for metastatic disease [5]. Nodal radiation 
should be considered and ADT is used unless medically contraindicated [3].

For men with locally advanced disease with evidence of metastatic nodal involve-
ment who are receiving radiation therapy, nodal radiation should be used and the 
involved nodes should receive the maximum dose within usual tissue constraints 
[3]. ADT is used unless contraindicated and the use of abiraterone, an antiandrogen, 
plus prednisone can be considered [3].

 Fractionation Schedules and Dosing

Several radiation fractionation schedules have been shown to be effective with rea-
sonable side effect profiles for prostate cancer. Dose escalation has been found to be 
most effective in patients with intermediate- or high-risk disease. For patients with 
low-risk cancers, radiation doses of 75.6–79.2 Gy are considered to be appropriate, 
while patients with intermediate- or high-risk disease should have doses of up to 
81 Gy [3]. A common standard fractionation for prostate cancer is 78 Gy given over 
39 fractions or 2 Gy per fraction.

 Moderate Hypofractionation

Hypofractionation is radiation therapy that is given in a smaller number of doses 
with each fraction being a higher dose than the standard fractionation. Image-guided 
radiation therapy (IGRT) is recommended when giving hypofractionated regimens 
for safety and accuracy [5]. IMRT is recommended over 3D conformal radiation 
therapy when treating with hypofractionated regimens [5]. Generally, moderate 
hypofractionation regimens, such as 60 Gy in 20 fractions or 70 Gy in 28 fractions, 
are supported when considering a moderate hypofractionation regimen for prostate 
cancer [5]. However, the best dose and fractionation has not been determined, and 
these regimens have not been compared directly in clinical trials [5]. Moderate 
hypofractionation should be offered to patients receiving EBRT with low risk, inter-
mediate risk, and high risk where pelvic radiation therapy is not indicated due to 
similar side effect profiles compared to standard fractionation and improved 
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convenience for patients [5]. Patients should be counseled on the slightly higher risk 
for acute gastrointestinal side effects and less data on long-term outcomes with 
moderate hypofractionation [5]. Genitourinary and chronic gastrointestinal side 
effects seem to be similar with standard fractionation [5].

 Ultrahypofractionated Regimens

Ultrahypofractionated regimens can be used in the treatment of prostate cancer and 
are usually administered as more than 5 Gy per fraction, often 36.25 Gy in five frac-
tions [3]. However, the data available on these regimens are more limited than with 
moderate hypofractionation [5]. Therefore, a detailed discussion should be had with 
patients regarding risks, benefits, and available information. Patients with low-risk 
prostate cancer who elect EBRT may be offered ultrahypofractionated regimens [5]. 
Ultrahypofractionation is also recommended for intermediate-risk patients, but 
guidelines do recommend that patients with intermediate-risk disease be enrolled in 
a clinical trial or institutional registry, if possible, when treated with an ultrahypo-
fractionated regimen [5]. Generally, ultrahypofractionated regimens are not recom-
mended for patients with a high-risk disease [5].

 Accuracy

As discussed above, image-guided radiation therapy (IGRT) can be an integral 
method for ensuring the accuracy of fractionated radiation therapy for prostate can-
cer. Fiducial markers, often small gold seeds, can be placed into the prostate under 
ultrasound guidance from the rectum to better identify the prostate and treatment 
field when planning radiation therapy. Some method of ensuring accuracy should be 
used daily during radiation therapy in all patients, such as IGRT with CT, ultra-
sound, implanted fiducials, or electromagnetic targeting [3]. Endorectal balloons 
may be used for prostate immobilization [3].

 Palliative Radiation Therapy

Bony metastases tend to be common in prostate cancer patients with metastatic 
disease. Radiation therapy can be an effective means of controlling symptoms 
related to metastatic bone disease. Often, radiation doses of 8 Gy in a single fraction 
to a site of bone metastasis are effective for palliation of pain [3]. Palliative radiation 
therapy to the prostate can be used for patients with metastatic disease to prevent 
lower urinary symptoms related to the disease. Radiation therapy can include 
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standard radiation doses and frequency or could use a common palliative fraction-
ation, such as 30 Gy in 10 fractions or 37.5 Gy in 15 fractions [3].

 Use of Androgen Deprivation Therapy (ADT) 
with Radiotherapy

Androgen deprivation therapy (ADT) in combination with radiotherapy has been 
found to be effective in improving the outcomes in certain men with prostate cancer. 
Generally, men who have unfavorable intermediate-risk prostate cancer and high- or 
very-high-risk prostate cancer at diagnosis are considered for treatment with con-
current ADT and radiation therapy. ADT usually involves the administration of 
luteinizing hormone-releasing (LHRH) agonists, such as leuprolide and goserelin, 
and an antiandrogen, such as bicalutamide or flutamide.

 Unfavorable Intermediate-Risk Disease

In men with unfavorable intermediate-risk prostate cancer who are treated with 
radiation therapy, a short course of ADT, given for 4–6 months, is often used. With 
shorter courses of radiation therapy, such as brachytherapy or SBRT, the duration of 
ADT may be shortened to 4 months [3]. ADT is usually started 2–3 months prior to 
the initiation of radiation therapy and continued through the duration of the radia-
tion treatments.

Several trials have shown an improvement in cancer-free survival and overall 
survival in patients treated with radiotherapy plus short-course ADT in intermediate- 
risk disease [3]. The EORTC 22991 trial randomized 819 patients with localized 
prostate cancer, of which approximately 75% had an intermediate-risk disease and 
25% had a high-risk disease, to either radiation therapy alone or radiation therapy 
plus 6 months of ADT [27]. The addition of 6 months of ADT to radiotherapy sig-
nificantly improved biochemical disease-free survival than for patients receiving 
radiation therapy alone (HR, 0.52; 95% CI, 0.41–0.66; P  <  0.001) and clinical 
progression- free survival (HR, 0.63; 95% CI, 0.48–0.84; P = 0.001) at a median 
follow-up of 7.2 years [27]. In another trial, 818 patients with T2b, T2c, T3, and T4 
N0 M0 prostate cancer were randomized to radiation monotherapy, 3 months of 
ADT with radiotherapy, or 6  months of ADT with radiotherapy [29]. ADT was 
started 2 months prior to radiation therapy in the 3-month arm and 5 months prior 
to radiation therapy in the 6-month arm [29]. After a median follow-up of 10.6 years, 
the 3 and 6 months of ADT plus radiotherapy groups showed a decrease in PSA 
progression and local progression compared to radiotherapy alone. In addition, 
6  months of ADT significantly decreased distant progression (HR 0.49, CI 
0.31–0.76; P  =  0.001) and prostate cancer mortality (HR 0.49, CI 0.32–0.74; 
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p = 0.0008) compared to radiation monotherapy [29]. Finally, RTOG 9910 was a 
phase 3 randomized trial of 1579 intermediate-risk prostate cancer patients who 
were assigned to either ADT 8 weeks prior to radiation therapy and during radio-
therapy (16 weeks in total) or ADT 28 weeks prior to and then during radiation 
therapy (36 weeks in total) [30]. Follow-up at 10 years showed no significant differ-
ence between the two groups in disease-specific survival, overall survival, local 
progression, distant metastases, or prostate-specific antigen recurrence, thereby 
showing little benefit of ADT beyond 4 months [30].

 High-Risk and Very-High-Risk Disease

For patients with high-risk disease, ADT is generally given for a total of 2–3 years 
along with radiation therapy. Studies have shown an improvement in overall sur-
vival and disease-free survival in patients treated with a combination of radiation 
therapy and ADT for a high-risk disease [3]. ADT is usually started 2–3 months 
prior to radiation therapy and then continued for the duration of the 2–3 year period 
for high-risk disease.

Clinical trials have shown benefits with ADT added to radiotherapy for high-risk 
prostate cancer with improvement in overall survival over radiotherapy alone [3]. 
EORTC 22863 was a randomized phase 3 clinical trial of 415 patients with localized 
prostate cancer with a high risk for metastasis (T1-2 with WHO histologic grade 3 
disease or T3-4 with any histologic grade) in which patients were randomized to 
radiotherapy alone or radiotherapy plus 3 years of ADT [31]. Patients in the radio-
therapy plus ADT arm were found to have significant improvement in disease- free 
survival and overall survival compared to the radiotherapy-alone group [31]. After a 
median follow-up of 9.1 years, disease-free survival was 22.7% in the radiotherapy- 
alone group versus 47.7% in the radiotherapy plus ADT group (HR 0.42, 95% CI 
0.33–0.55, p < 0.0001) and overall survival was 39.8% in the radiotherapy- alone 
group versus 58.1% in the radiotherapy plus ADT group (HR 0.60, 95% CI 0.45–0.80, 
p = 0.0004) [31]. RTOG 85-31 was a phase 3 randomized trial in which 977 patients 
with prostate cancer at a high risk of relapse and poor outcomes, either clinical T3 
disease or with regional lymph node involvement were randomized to either radio-
therapy plus adjuvant ADT or radiotherapy followed by observation and ADT at 
relapse [32]. In patients in the radiotherapy plus ADT arm, the ADT was started at 
the end of radiation therapy and continued until there was evidence of progression of 
disease [32]. Patients who previously had a prostatectomy were included if they had 
evidence of extracapsular extension or seminal vesicle involvement on pathology 
[32]. At the 10-year follow-up, the absolute survival, local recurrence, and distant 
recurrence were all lower for the radiotherapy plus ADT arm [32]. Absolute survival 
was significantly better, with 49% of patients alive in the radiotherapy plus ADT arm 
versus 39% in the radiotherapy plus observation arm (p = 0.002) [32]. Local recur-
rence in the radiotherapy plus ADT was 23% versus 38% in the radiotherapy plus 
observation arm (p < 0.0001) and development of distant metastases was 24% in the 
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radiotherapy plus ADT arm versus 39% in the radiotherapy plus observation arm 
(p < 0.0001) [32]. RTOG 9202 was a randomized trial which enrolled 1521 patients 
with T2c-T4 prostate cancers with a PSA of less than 150 ng/mL and no nodal dis-
ease outside of the pelvis [33]. All patients received radiation therapy plus ADT with 
flutamide and goserelin 2 months prior to radiation therapy start and until the com-
pletion of radiation therapy [33]. Patients were then randomized to receive no addi-
tional ADT or an additional 2  years of ADT with monthly goserelin [33]. After 
10 years of follow-up, the patients who received additional long-term ADT had a 
significant improvement in disease-free survival of 13.2% for the short-term ADT 
arm versus 22.5% in the additional long-term ADT arm (P < 0.0001), local progres-
sion (22.2% versus 12.3%, P < 0.0001), and distant metastasis (22.8% versus 14.8%, 
P < 0.0001) [33]. Overall survival, however, was not found to be statistically signifi-
cant, with 51.6% survival in the short-term ADT arm versus 53.9% in the additional 
long-term ADT arm (P = 0.36), although a subgroup analysis showed that patients 
with Gleason scores of 8–10 had an increased overall survival in the additional long-
term ADT arm (31.9% versus 45.1%, P = 0.0061) [33].

 Possible Side Effects

The addition of ADT to a treatment regimen for prostate cancer does introduce pos-
sible additional side effects. Side effects of ADT include, but are not limited to, 
sexual dysfunction, hot flushes, fatigue, decreased muscle strength, breast enlarge-
ment, weight gain, risk for cardiac disease, memory changes, emotional liability, 
and bone loss [34]. Men treated with ADT tend to have more sexual side effects and 
fatigue related to treatment [35]. Patients with coexisting cardiac disease should be 
evaluated closely, as there has been some evidence that cardiac-related events are 
increased with ADT [35].

 Unique Toxicities: Recognition, Treatment, and Management

 Fatigue

Fatigue during radiation therapy is common, especially later in the course of radia-
tion therapy and for the first several weeks afterward. Fatigue and systemic side 
effects related to radiation therapy are due to the release of cytokines by the tissues 
that are exposed [1]. Most patients notice an improvement in fatigue within a month 
after treatment, though others can have some mild fatigue for 2–3 months after the 
completion of therapy. One study that evaluated 681 patients undergoing radiation 
therapy for prostate cancer found that age younger than 60, depressive symptoms, 
and concurrent ADT may be factors linked to increased fatigue during radio-
therapy [9].
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There is some evidence that regular exercise can help to manage fatigue during 
radiation therapy [10, 11]. Patients should be instructed regarding adequate sleep 
and pacing activity to conserve energy. Regular, moderate exercise can often help 
with overall energy as well as with improving sleep at night. Patients should be 
encouraged to adhere to a healthy diet and regular meals with adequate hydration.

 Urinary Toxicities

As many as 50% of patients have some acute bladder or bowel toxicity during and 
shortly after radiation therapy [3]. Acute urinary symptoms during or immediately 
after radiation therapy often include frequency, urgency, dysuria, hematuria, enure-
sis, and nocturia [36]. The symptoms are likely related to acute radiation cystitis or 
inflammation of the bladder after radiation therapy [36]. Urinary symptoms often 
start later during the course of radiation therapy for those receiving standard frac-
tionation or moderately hypofractionated regimens. For those receiving ultrafrac-
tionated regimens, urinary symptoms may not develop until the completion of 
therapy. Urinary tract infections should be ruled out in the setting of urinary fre-
quency, urgency, or dysuria during radiation therapy. If infection is ruled out, medi-
cations, such as phenazopyridine or ibuprofen, can be used to treat dysuria due to 
radiation therapy. Patients should be encouraged to drink adequate fluids. Patients 
who are on anticoagulant medications should be monitored closely for hematuria 
during or after radiation therapy. Acute urinary symptoms often resolve within 
4–6 weeks after the completion of radiotherapy but can persist in some patients for 
up to 2–3 months.

Men should be informed that chronic urinary symptoms are possible in some 
patients who receive radiation therapy for prostate cancer [4]. However, it is also 
thought that some patients can have a decrease in obstructive urinary symptoms 
after radiation therapy, which may be related to shrinking of the prostate after treat-
ment [7]. In one study in which a prostate cancer database was reviewed for urethral 
stricture after prostate cancer treatment, radical prostatectomy had the highest inci-
dence of stricture (8.4%) followed by prostate brachytherapy plus EBRT (5.2%) 
[21]. Most patients were treated with urethral dilation [21]. A clinical trial of patients 
treated with radiation therapy after radical prostatectomy did find that urethral stric-
ture, incontinence, and proctitis were more common in patients treated with radia-
tion therapy than without [6]. Radiation therapy can also worsen urinary incontinence 
after radical prostatectomy [4]. The incidence of urinary incontinence after radia-
tion therapy alone is likely close to 1% [7].

Chronic radiation cystitis is a possible long-term side effect of radiation therapy. The 
incidence of chronic radiation cystitis is low, likely around 5%, especially if the dose of 
radiation to the bladder is limited to lower than 75 Gy [38]. In one study of 309 prostate 
cancer patients treated with IMRT, 78 Gy in 39 fractions, and followed for a median of 
104 months, the most common GU toxicity grade 2 or higher was hematuria (11.2%), 
with radiation cystitis observed endoscopically in most patients [37]. In addition, 
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hematuria and incontinence increased in incidence after 60 months while other symp-
toms decreased in the initial 60 months of follow-up [37]. Because of the late onset of 
toxicity seen in this study, the researchers recommended a follow- up of greater than 
5 years for men treated with radiation therapy to monitor for delayed GU toxicities [37].

Men with delayed urinary symptoms after radiation therapy for prostate cancer 
should first be evaluated for another cause of the symptoms. Differential diagnosis 
for men with new-onset urinary lower urinary tract symptoms or hematuria includes 
urinary tract infection, urolithiasis, bladder cancer, or other malignancies invading 
the urinary tract. Men with dysuria should have a urinalysis and urine culture 
obtained to rule out infection. In addition, those with hematuria should be seen by a 
urologist with a hematuria workup, including urine for cytology, cystoscopy, and 
upper urinary tract imaging, such as a CT urogram [36].

If men are found to have radiation-related hemorrhagic cystitis, treatment is gen-
erally based on the severity and grade. For patients with grade 1 hemorrhagic cysti-
tis, treatment generally includes supportive measures and hydration with close 
monitoring. Anticholinergic medications can help with bladder spasms in the set-
ting of cystitis [36]. Those with grade 2 or 3 hemorrhagic cystitis may require con-
tinuous bladder irrigation or cystoscopy assessment, and astringents, such as silver 
nitrate, can be used to treat areas of bleeding [36]. If grade 3 or 4 toxicities develop, 
patients may require blood transfusions and other interventions, such as formalin 
instillation or electrocautery to the bladder [36]. There is some evidence that lasers 
may be helpful in controlling bleeding [36]. Temporary urinary diversion and cys-
tectomy may be considered in the most severe cases [36]. Hyperbaric oxygen ther-
apy may be an effective treatment for certain patients, as well.

The International Prostate Symptom Score, or I-PSS, was initially developed as 
a tool to assess urinary symptoms related to benign prostatic hyperplasia, but can be 
an effective tool for monitoring urinary symptoms during and after radiation ther-
apy. The tool asks patients to rank the severity of urinary symptoms over the past 
month, including frequency, urgency, weak stream, intermittency, incomplete emp-
tying, straining, and nocturia from 0 (not at all) to 5 (almost always) [22]. It then 
asks the patient about overall quality of life, from delighted to terrible [22]. If com-
pleted regularly, the tool can be helpful in assessing urinary symptoms compared to 
pretreatment levels and as the patient progresses after radiation therapy.

 Gastrointestinal Toxicities

Acute radiation proctitis during and immediately after radiation therapy for prostate 
cancer is caused by radiation exposure and damage to the rectal mucosa. 
Gastrointestinal side effects after radiation therapy can manifest as abdominal pain 
or cramping, loose or more frequent stools, urgency with bowel movements, or 
blood per rectum. There have not been any large studies to evaluate the optimal 
treatment of radiation proctitis. Symptoms can often be managed with antidiarrheal 
medications and a low residue diet. There has also been some evidence that 
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short- chain fatty acids can have benefit in acute radiation proctitis. A small double-
blind placebo-controlled cross-over study of 20 patients treated with pelvic radia-
tion therapy who developed acute radiation proctitis found that those treated with a 
short-chain fatty acid enema, sodium butyrate, had an improvement in symptoms 
compared to the placebo group [17]. Acute gastrointestinal side effects resolve 
within a month for most men, but may take up to 2–3  months to fully resolve 
for some.

Chronic gastrointestinal symptoms after radiation therapy usually include radia-
tion proctitis. Chronic radiation proctitis is defined by RTOG as rectal discomfort or 
urgency with bowel movements along with mucus or blood in the bowel move-
ments. It may also include loose or frequent stools [28]. The incidence of radiation 
proctitis ranges from 5% to 30% depending on the treatment volume and dose of 
radiation [7]. Chronic radiation proctitis often occurs between 9 and 14 months after 
completion of radiation therapy but can occur up to 30 years after treatment [8]. 
Radiation proctitis is generally caused by fibrosis and chronic changes to the rectal 
mucosa that ultimately cause some ischemia from prior radiation therapy.

Patients with a change in bowel movements or new rectal bleeding need to be 
evaluated for radiation proctitis as well as other causes. Stool samples looking for 
an infectious cause may be indicated for patients with loose or watery stools. A 
complete blood count should be obtained in men who are experiencing bleeding 
with bowel movements. Patients should be referred for a colonoscopy or sigmoid-
oscopy to evaluate for other causes of symptoms, such as a new malignancy or pos-
sibly inflammatory bowel disease. Barium enema or cross-sectional imaging should 
be considered in patients with severe symptoms to rule out fistula or small perfora-
tion [19].

No large, placebo-controlled studies have been done to evaluate the best treat-
ment for chronic radiation proctitis. Treatment options for chronic radiation procti-
tis often initially include sucralfate enemas or glucocorticoid enemas or suppositories. 
If patients do not improve within a few weeks, endoscopic intervention with colo-
noscopy or sigmoidoscopy is indicated. Most commonly used to treat symptoms or 
chronic radiation proctitis is argon plasma coagulation (APC). APC has been shown 
to be effective in reducing bleeding in chronic radiation proctitis but available stud-
ies involved a small number of patients [20]. Due to the lack of randomized con-
trolled trials, it is difficult to assess the overall efficacy of APC, and additional 
research is needed [18]. Formalin application to the rectum has been used to 
decrease recurrent bleeding related to radiation proctitis and has been evaluated in 
small studies [18]. Formalin causes coagulation of the rectal tissue when applied. 
Evidence for the regular use of formalin for the treatment of bleeding from chronic 
radiation proctitis is insufficient due to lack of high-level evidence [18]. Laser thera-
pies, cryoablation, radiofrequency ablation, and electrocoagulation have also been 
used but data are lacking in their overall efficacy, as well [18]. Hyperbaric oxygen 
may be an effective treatment option for chronic radiation proctitis but the cost and 
time requirements make it more difficult to complete a treatment course compared 
to some other options [18]. Other therapies that have been investigated in small 
studies include Vitamin A, 5-aminosalicylic acid (5-ASA) enemas, and mesalamine 
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plus betamethasone enemas with the addition of oral metronidazole [18]. Surgical 
interventions for chronic radiation proctitis should only be used in patients with 
severe symptoms or complications, such as uncontrolled bleeding, rectal stricture, 
or fistula. Tissue changes after radiation therapy can make surgical intervention 
difficult.

 Sexual Dysfunction

Sexual dysfunction is a common side effect after radiation therapy for prostate can-
cer. Radiation techniques may affect sexual function after treatment, while IMRT 
and more precise techniques potentially may cause less sexual dysfunction. 
Generally, sexual dysfunction seems to decline after radiation therapy [7]. Patients 
treated with both ADT and radiation therapy are more likely to have difficulty with 
sexual function after treatment [24].

The International Index of Erectile Function, or IIEF, is a questionnaire that can 
be given to patients to assess their sexual function [39]. Often, it is helpful to get an 
IIEF prior to any treatment for prostate cancer and then continue to follow the scores 
over time. The tool, which includes questions about sexual function and desire, can 
be helpful in identifying patients who are having a decline in sexual function over 
time or as a way to open discussions with patients about their sexual function and 
quality of life.

A model has been developed to attempt to predict which patients will be at risk 
for developing sexual dysfunction after prostate cancer treatment and those who are 
less likely to develop dysfunction [13]. Certain factors, including lower PSA and 
lower risk category, better pretreatment sexual function scoring, lower AUA symp-
tom assessment, younger age, and absence of androgen deprivation therapy use 
have been associated with a higher likelihood of adequate sexual function 2 years 
after EBRT [13].

In one series in which patients were sent questionnaires regarding their side 
effects and quality of life over a 2-year period after radiation therapy for prostate 
cancer, sexual dysfunction seemed to be an issue for more patients compared to 
urinary or bowel side effects [14]. In addition, sexual dysfunction quality of life 
seemed to worsen over time with the number of men reporting increased issues with 
sexual dysfunction between baseline and 24 months [14].

Treatments usually start with phosphodiesterase-5 inhibitors, such as sildenafil 
or tadalafil. Several studies have been done to show that phosphodiesterase-5 
inhibitors can be effective in treating erectile dysfunction in men after radiation 
therapy [15, 16]. Patients should be assessed for possible contraindications and 
drug interactions prior to therapy, as well as educated regarding how to use the 
medications and possible side effects. The use of nitrates is contraindicated with 
phosphodiesterase- 5 inhibitors. Testosterone replacement should not be used in 
patients with a history of prostate cancer. Other options for treatment of erectile 
dysfunction include vacuum devices, urethral alprostadil, and penile injections 
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with alprostadil and papaverine can also be helpful for erectile dysfunction. Penile 
implants are sometimes used if patients do not have good outcomes with nonsurgi-
cal methods. Often, men who have mild sexual dysfunction after treatment for 
prostate cancer may need oral medications alone. For those who do not respond to 
oral medications or have contraindications to some erectile dysfunction treat-
ments, referral to a urologist with specialization in erectile dysfunction can be 
helpful. In addition, social work and psychotherapy can be helpful for men who 
are struggling with sexual dysfunction after prostate cancer treatment. Sexual 
health counselors or relationship counselors can also play an important role for 
men and their partners.

 Stress Fractures

Stress fractures or insufficiency fractures are an uncommon but possible complica-
tion of radiation therapy to the pelvis. In one series, the charts of 134 patients were 
reviewed to assess the incidence and timing of insufficiency fractures after whole 
pelvic radiation therapy for prostate cancer. After a median follow-up period of 
68 months, eight patients were found to have had insufficiency fractures after treat-
ment [12]. The 5-year incidence of insufficiency fracture was 6.8% with a median 
time to development of a fracture of 20 months from the time of completion of treat-
ment [12]. Most patients presented with back pain, so it is important to differentiate 
an insufficiency fracture from evidence of metastatic disease [12]. In this review, 
there were no clear risk factors identified for patients who developed insufficiency 
fractures after radiation therapy [12]. Most patients are treated with conservative 
measures.

 Methods of Minimizing Adverse Effects

Perirectal spacers, usually made of a hydrogel material, can be used for patients 
in which the targeted therapy may be inadequate to spare the surrounding struc-
tures or to reduce side effects to the patient based on anatomy [3]. In clinical tri-
als, the spacer arm showed a decrease in rectal toxicities, grade greater than or 
equal to 1, by 75% at 3 years, and there were no reported grade 2 or greater toxici-
ties noted in the spacer arm [29]. Perirectal spacers should not be used in patients 
who have evidence of rectal invasion or T3 disease with posterior extension. In 
addition, many clinicians will have patients undergo treatment with a full bladder 
in order to raise the bladder further out of the radiation field to decrease the dose 
to the bladder.
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 Survivorship after Radiotherapy

 Urinary Recovery

Acute urinary symptoms after radiation therapy usually improve within 4–6 weeks 
after treatment. Patients should be followed closely after radiation therapy to ensure 
that the symptoms improve. Patients who develop new dysuria after radiation ther-
apy should have an evaluation to rule out an underlying urinary tract infection. 
Patients should be monitored for evidence of chronic radiation cystitis and referred 
to a urologist promptly for further evaluation, especially in the setting of hematuria.

 Sexual Recovery

As above, patients are often treated with oral medications for sexual dysfunction 
first as long as they are not contraindicated. Patients treated with ADT are likely to 
have more prolonged sexual dysfunction than those treated with radiation alone. If 
men do not have a good response to oral medications, referral to urology to discuss 
additional medications and surgical interventions should be discussed. Patients who 
are experiencing sexual dysfunction should be offered counseling, along with their 
partners, as part of management. As discussed above, sexual function should be 
addressed at each postradiation therapy follow-up visit and patients offered inter-
vention, if warranted.

 Bowel Toxicity

Patients should be monitored closely for evidence of chronic effects of radiation 
therapy on the GI system. Patients should be encouraged to have regular colon can-
cer screenings. Referral to a gastroenterologist experienced in treating patients with 
chronic radiation proctitis can also be helpful if symptoms develop. Diet can have a 
significant role in bowel management after radiation therapy, so dietary education 
and referral to a registered dietician should be considered.

 Secondary Malignancies

While uncommon, secondary malignancies are possible after radiation therapy for 
prostate cancer. There is usually an approximately 1% risk of malignancy for every 
year after the second decade after radiation therapy [1]. The risk of bladder and 

6 Radiotherapy for Prostate Cancer



70

rectal cancer doubles starting 10 years after radiation therapy, though the overall 
incidence is still low [2]. Therefore, the patient’s age at the time of radiation therapy 
can be important when considering the risk for secondary cancers in the future. 
Patients should be encouraged to remain up to date with regular cancer screenings.

 Other Survivorship Considerations

Men who have received ADT should be monitored for evidence of bone density loss 
depending on the duration, and adequate calcium and vitamin D intake should be 
encouraged throughout ADT treatment. Weight management and regular exercise, 
according to physical abilities, should be encouraged. Lymphedema to the groin or 
lower extremities is uncommon in men who have radiation to the prostate alone but 
can occur at higher rates if the pelvic lymph nodes are radiated or in men who have 
surgery plus radiation [38]. Men who are treated for prostate cancer should be regu-
larly assessed for depression and anxiety related to diagnosis and treatment.

 Assessing for Recurrence

Regular monitoring of the prostate-specific antigen (PSA) after definitive radiation 
therapy is critical in evaluating the overall success of treatment. Patients should be 
instructed about the importance of checking the PSA as well as the planned sched-
ule for surveillance. Generally, the PSA is checked every 3–6 months for the first 
3 years after treatment and then annually thereafter. The PSA can continue to fall for 
several months to years after radiation therapy [40]. The PSA nadir is the lowest 
recorded level after radiation therapy. A PSA that is rising after definitive radiation 
therapy is concerning for recurrent disease. The Phoenix criteria were developed in 
2005 as a joint consensus among specialists who reviewed available data on rising 
PSAs after definitive radiation therapy. The Phoenix criteria state that a PSA rise of 
2  ng/mL or greater above the nadir is the definition of biochemical failure after 
EBRT with or without ADT [41]. Any patient who meets the criteria for biochemi-
cal recurrence by PSA should have an evaluation for evidence of metastatic disease 
or local recurrence. Repeat prostate biopsy can be considered, though the biopsy 
can be difficult to interpret after radiotherapy.

 Conclusion

Radiation therapy for prostate cancer has been a standard treatment approach for 
many years, and radiation techniques have been evolving to reduce side effects 
while improving overall outcomes. Additional studies are currently underway to 
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assess various optimal fractionation schedules for patients that can limit side effects 
and duration of therapy while ensuring adequate control of the disease. Studies have 
also been evaluating medications in combination with radiation therapy to improve 
patient outcomes.

Patients should always be fully informed about the options for prostate cancer 
treatment based on their staging as well as possible acute and chronic side effects of 
radiation therapy prior to treatment. More evidence is needed to determine the best 
methods for managing patients after some side effects of radiation therapy, such as 
radiation proctitis.

Advanced practice providers (APPs) can play an important role in patients 
undergoing radiation therapy for prostate cancer. APPs can have a key role in patient 
education and reinforcing teaching regarding what patients will experience during 
and after radiation therapy. APPs can have an important role in managing side 
effects after radiation therapy and monitoring for evidence of recurrent disease.

Clinical Pearls
• Highly targeted radiation therapy techniques should be used to treat local-

ized prostate cancer in order to minimize radiation doses to adjacent struc-
tures, including the bladder, rectum, pelvic bones, and femoral heads.

• Hypofractionated regimens should be used by departments with required 
experience and training when clinically appropriate for the patient.

• Brachytherapy can be used as a definitive treatment for patients with local-
ized disease or as part of a boost dose in patients with high-risk disease, but 
specialty training is required.

• Photon and proton beam therapies are considered to be similar in efficacy.
• Radiation therapy can be an effective alternative to radical prostatectomy 

in patients who may have comorbidities that preclude surgery.
• Patients should be educated about possible side effects, both acute and late, 

of radiation therapy prior to treatment.
• Radiation-related side effects can be adequately managed in the majority 

of patients, but more research is needed to determine the best practice of 
managing some side effects.

• Radiation therapy for prostate cancer should not be considered in patients 
with prior pelvic radiation therapy, active inflammatory disease of the pel-
vis, or permanent urinary catheters. Caution should be used in patients 
with low bladder capacity, chronic diarrhea, bladder outlet obstruction 
requiring suprapubic tube, and inactive ulcerative colitis.
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Chapter 7
Androgen Deprivation Therapy

Charlene Reyes, Carla Groshel, and Robert Given

 Introduction

Androgen deprivation therapy (ADT) has been the standard of care for treating 
advanced prostate cancer for many decades. Prostate cancer proliferation is, in part, 
attributed to male androgens. Androgen deprivation therapy is utilized in the sup-
pression of testosterone production. Castrate levels of testosterone are defined as 
less than 50 ng/dl testosterone. The American Urologic Association is constantly 
revising its standards. Currently, 25 ng/ml of testosterone is being considered for a 
new castrate level. The first-line treatment methods of achieving castration target 
90–95% of testosterone production in the testes. Many forms of hormone manipula-
tion are used to achieve castrate levels of testosterone. These methods include 
 surgical castration, luteinizing hormone-releasing hormone agonists, and gonado-
tropin-releasing hormone antagonists. Earlier use of synthetic estrogens, such as 
diethylstilbestrol (DES), was abandoned due to increased risk of mortality from 
cardiac causes [1].

There is a small amount of testosterone produced by the adrenal glands. The 
first-line agents do not suppress this production. This small amount of testosterone 
production is blocked by using steroidal and nonsteroidal antiandrogens. Complete 
testosterone blockade requires a multimodal approach.
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As discussed in Chap. 5, it is the standard of care to offer adjuvant ADT to radia-
tion as a primary treatment to patients with unfavorable intermediate-risk and high- 
risk, or very high-risk group [40]. Studies show that patients with higher risk disease 
undergoing radiation treatment have been shown to prolong survival with neoadju-
vant and adjuvant ADT [2, 3]. Short-term ADT (4–6 months) is recommended in 
patients with intermediate disease. Long-term ADT (18–36  months) should be 
offered for high-risk and very high-risk patients [40]. One study compared the use 
of short-term ADT ( 4 months) versus long-term ADT (24 months) in men with 
locally advanced cancers (cT2c-T4N0-1M0 and Gleason scores 8–10). Men receiv-
ing long-term ADT to had an improved overall survival and disease specific. Short- 
term ADT consists of 2 months of neoadjuvant ADT and 2 months of adjuvant ADT 
[2]. Another study compared men with localized higher risk prostate cancer (PSA 
equal to or greater than 10 ng/mL and/or Gleason grade 7 or higher, cT3) receiving 
radiation monotherapy or combined radiation with 6 months of ADT. The study 
revealed that the overall and disease-specific survival rates were better in the men 
who received ADT [3].

ADT may be used as a sole or primary treatment. It is utilized in men with pros-
tate cancer who are of advanced age, have significant comorbidities, and for those 
who decline curative therapy. One large study compared cancer-specific survival 
and overall survival in men with localized prostate cancer who received primary 
ADT versus men on surveillance. The study concluded that primary ADT did not 
provide a survival benefit in the majority of men compared to those on observa-
tion [4].

ADT has significant side effects such as hot flashes, decreased libido, osteoporo-
sis, decline in sexual function and drive, and metabolic and cardiac effects. Most are 
mild to moderate and a good quality of life can be achieved with its use.

In this chapter, we review the general mechanism of action of ADT, side effect 
management, patient counseling, health lifestyle, and second-line hormonal 
manipulations.

 Mechanism of Action

 Regulation of Androgen Production

In order to understand the mechanism of action of ADT, it is important to review the 
testosterone production pathways. Testosterone is regulated by two mechanisms in 
the body. The hypothalamic–pituitary–gonadal (HPG) axis, see Fig. 7.1, is respon-
sible for the production and regulation of testosterone by the testicles. The hypotha-
lamic–pituitary–adrenal (HPA) axis, see Fig. 7.2, is responsible for a very small 
amount of testosterone released from the adrenal glands. Gonadotropin-releasing 
hormone (GnRH) and corticotrophin-releasing factor (CRF) are neurohormones 
produced in the hypothalamus. GnRH simulates in pulses the secretion of two 
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gonadotropins, luteinizing hormone (LH) and follicle-stimulating hormone (FSH) 
from the anterior pituitary gland. CRF stimulates the release of adrenocorticotropic 
hormone (ACTH) also from the anterior pituitary gland. LH is responsible for 95% 
of circulating testosterone production through receptors on the surface of Leydig 
cells in the testes. ACTH acts on the adrenal glands to produce androstenedione and 
dehydroepiandrosterone. These intermediate metabolites become androgens that 
are more active in prostate tissue [5].

Testosterone levels are maintained within a narrow range by a negative feedback 
mechanism. When testosterone is decreased, GnRH and LH secretion are increased. 
When testosterone is elevated, GnRH and LH secretion are decreased. Continuous 
stimulation of the pituitary gland leads to an increase in the secretion of GnRH 
resulting in a decrease in secretion of LH and consequently a decrease in testoster-
one production.

Similarly, cortisol regulation is maintained by stimulation and inhibition of CRF 
and ACTH on the hypothalamus and pituitary gland [6, 7].
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 Agents of Treatment

Prostate cancer cells are generally androgen-dependent, and most patients with 
advanced disease will respond to ADT in some form or another [8]. There are four 
methods to block androgen: (1) removal of sources of androgens, (2) use of LHRH 
agonists/GnRH antagonists, (3) use of antiandrogens, and (4) inhibition of androgen 
synthesis.
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 Removal of Sources of Androgens

Bilateral orchiectomy historically was considered the gold standard for the treat-
ment of advanced prostate cancer. Removal of the testes results in the inhibition of 
testosterone and dihydrotestosterone (DHT) and an increase in luteinizing hormone 
and follicle-stimulating hormone (FSH). This method results in a 95% reduction in 
testosterone hormone levels. One study revealed that greater than 90% of testoster-
one levels were reduced within 24  hours of castration [9]. Although more cost- 
effective, the major disadvantage of orchiectomy is its irreversibility. Treatment by 
orchiectomy should only be considered in men with advanced prostate cancer who 
require indefinite ADT.

 Use of LHRH Agonists and GnRH Antagonists

An alternative to orchiectomy is pharmacologic androgen suppression using LHRH 
receptor agonists and GnRH antagonists. LHRH receptor agonists function to sup-
press androgens produced at the level of the testes, not the adrenal glands. Initially, 
agonist action causes a rise in LH, FSH, testosterone, and DHT. This elevation in 
hormone levels produces what is known as “testosterone surge” and may contribute 
to the exacerbation of clinical symptoms in men with bone metastases. LH increases 
up to ten-fold during the flare and may last as long as 10–20 days [10]. Testosterone 
flare is blocked by prior administration with an antiandrogen, which will be dis-
cussed later in this chapter.

The goal of androgen suppression is attaining a testosterone level less than 50 ng/
dl within 3  weeks of administration. Chronic stimulation of the pituitary gland 
results in desensitizing and suppressing the LHRH receptors, which ultimately 
causes a decrease in hormone levels, see Fig. 7.3. FSH is only partially suppressed 
as compared to LH. FSH levels begin to rise after a few weeks to baseline concen-
tration, which is known as the “FSH escape.” FSH receptors located on the surface 
of prostate cancer cells and blood vessels within tumors may promote progression 
of prostate cancer [11].

Examples of LHRH agonists, routes of administration, doses, and interval of 
administration are listed in Table 7.1. The most common agonist used is leuprolide 
acetate. It can be administered subcutaneously or intramuscularly.

GNRH receptor antagonists are the most recently introduced class of hormonal 
treatments. GnRH receptor antagonists rapidly and competitively bind to GnRH 
receptors in the pituitary, blocking the release of gonadotropins, causing a decrease 
in LH, FSH, and testosterone. See Fig. 7.4. Testosterone suppression occurs rapidly 
with the use of GnRH receptor antagonists and does not produce the testosterone 
flare associated with the receptor agonists; therefore, antiandrogens are not coad-
ministered with the antagonists. GnRH antagonists are preferred for an initial treat-
ment therapy for men with bone metastases. A recent study comparing the ability of 
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Table 7.1 Examples of luteinizing hormone-releasing hormone

Generic name Brand name Route Dose (mg) Dose interval

Leuprolide acetate injection Eligard® Subcutaneous 7.5
22.5
30
45

1 month
3 months
4 months
6 months

Leuprolide acetate depot Lupron® Intramuscular 7.5
22.5
30
45

1 month
3 months
4 months
6 months

Triptorelin pamoate injection Trelstar® Intramuscular 3.75
11.25
22.5

1 month
3 months
6 months

Goserelin acetate implant Zoladex® Subcutaneous 3.6
10.8

1 month
3 months

Histrelin acetate implant Vantas® Subcutaneous 50 1 year
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GNRH antagonists and agonists to suppress FSH revealed that GNRH antagonists 
were superior at suppressing and maintaining lower FSH levels than the agonists, 
which could account for better prostate cancer control [12].

Firmagon® (degarelix) is the only GnRH receptor antagonist administered by 
subcutaneous injection monthly. The initial loading dose is 240 mg, given as two 
120 mg injections administered simultaneously. The monthly maintenance dose is 
80 mg, which is currently the only dose available.

The primary advantage of GnRH receptor antagonists is their ability to lower 
testosterone rapidly. In one clinical trial, the efficacy of degarelix compared to leu-
prolide in lowering testosterone to castrate levels was measured. During a period of 
28 days, 620 patients were randomized to degarelix or leuprolide. Degarelix low-
ered testosterone to castrate levels in 52% of men after 1 day and 96% after 3 days. 
Leuprolide lowered testosterone to castrate levels in 18% of men after 14 days and 
100% after 28 days [13].

 Antiandrogens: Nonsteroidal and Steroidal Antiandrogens

There are two categories of antiandrogens: steroidal and nonsteroidal antiandro-
gens. Nonsteroidal antiandrogens, also called androgen receptor antagonists, bind 
to and inhibit the androgen receptor, thereby inhibiting activation of the receptor 
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and limiting the androgens’ biological effects. Nonsteroidal antiandrogens do not 
inhibit the hypothalamic-pituitary axis from producing testosterone. Testosterone 
levels will not lower with the use of nonsteroidal antiandrogens. They are not rec-
ommended as a monotherapy for advanced prostate cancer.

First-generation nonsteroidal antiandrogens are often used as an adjuvant ther-
apy with LHRH agonists to provide maximum androgen blockade. They are pre-
scribed 2–3  weeks prior to LHRH receptor agonists to prevent the potential 
clinical effects of the testosterone flare in men with metastatic prostate cancer. 
Examples of nonsteroidal antiandrogens include bicalutamide, flutamide, and 
nilutamide. These are listed in Table  7.2 with their dosing information [14]. 
Enzalutamide and apalutamide, potent antiandrogens, will be discussed in another 
chapter.

Flutamide was the first nonsteroidal antiandrogen produced for the treatment of 
prostate cancer. Flutamide was prescribed in 250 mg doses three times daily due to 
its short half-life of 6 hours. Eliminated through renal excretion, flutamide is not 
recommended for patients with renal impairment. Flutamide is rarely used since the 
introduction of longer acting antiandrogens.

Another nonsteroidal antiandrogen, nilutamide, has a longer half-life of 56 hours. 
It is prescribed for once-daily dosing, which allows for better compliance. The ini-
tial dose is 300 mg for the first month, followed by 150 mg daily maintenance dose. 
Nilutamide should be taken with food. It is eliminated through hepatic clear-
ance [15].

Bicalutamide is the most recently developed nonsteroidal antiandrogen. 
Bicalutamide is prescribed as a 50-mg dose for once a day. It has a half-life of 
6 days. It may be taken with or without food. Metabolism occurs via the liver; how-
ever, patients with mild to moderate hepatic impairment are not excluded from tak-
ing bicalutamide [15]. Periodic liver function tests should be performed in patients 
with moderate hepatic impairment, who remain on chronic bicalutamide therapy. 
Bicalutamide is well tolerated with very few side effects. It is a more potent nonste-
roidal antiandrogen than its predecessors, with a much greater binding affinity for 
the androgen receptor [16].

Steroidal antiandrogens inhibit the binding of dihydrotestosterone to prostate 
cancer cells. Unlike nonsteroidal antiandrogens, steroidal antiandrogens, such as 
cyproterone acetate (CPA), are involved in the negative feedback mechanism 
exerted on the hypothalamic–pituitary axis, which leads to decrease in LH and sub-
sequently lowers testosterone. CPA is less effective at controlling prostate cancer 
than LHRH agonists and GnRH antagonists, and CPA has a higher side-effect 

Table 7.2 Nonsteroidal antiandrogens

Generic name Brand name Route Dose Dosing interval

Flutamide Eulexin® Oral 250 mg 3 times daily
Nilutamide Nilandron® Oral 300 mg (1st month) Daily

150 mg Daily
Bicalutamide Casodex® Oral 50 mg Daily

C. Reyes et al.
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profile including significant cardiovascular complications in up to 10% of men [17]. 
CPA is not available in the United States.

 Antiandrogen Withdrawal

When a person has used combined androgen blockade using LHRH agonists and 
antiandrogens, a withdrawal effect can occur when the antiandrogen is removed 
from the combination. This withdrawal effect results in a decrease in the PSA. In 
this setting, a possible mutation in the androgen receptor allows the antiandrogen 
activity to shift from an antagonist to an agonistic exertion on prostate cancer cells 
[18]. This withdrawal phenomenon has been shown in flutamide, nilutamide, and 
bicalutamide antiandrogens. PSA decrease after flutamide withdrawal has been 
seen within 4 weeks, whereas nilutamide and bicalutamide withdrawal yielded a 
PSA decrease within 6 weeks [19]. Two studies revealed that antiandrogen with-
drawal effect on PSA occurred in 15–30% of patients with a more than a 50% 
decrease in PSA level over an average of 3.5–5 months [20, 21].

 Side Effects Management

Androgen deprivation therapy (ADT) has side effects for most men. The common 
side effects vary in intensity, frequency, and duration but most side effects reported 
in clinical trials were mild to moderate [13, 24]. Common side effects in order of 
their frequency include hot flashes, injection site pain, fatigue, weight gain, muscle 
loss, weakness, decrease of libido, sexual dysfunction, depression, osteoporosis, 
heart disease, and uncontrolled blood sugar [25]. The side effects in this discussion 
are not an exhaustive list. There are other side effects such as cognitive loss, gyne-
comastia, or anemia to name a few. They are not discussed in this chapter, as their 
rate of occurrence is very low and generally not a significant deterrent to treatment.

The most common side effects in the use of ADT are hot flashes. These are a 
vasomotor symptom of decreased testosterone. They are described as a short burst 
of heat generally originating in the head with or without perspiration [26]. They 
range in intensity, duration, and frequency, but the vast majority fall in the mild to 
moderate category. The rate of reported hot flashes varies depending on the drug 
given to start with and the study reviewed. Reports of the rate of hot flashes range 
from 20% to 88% of men depending on the drug and the study being reviewed [24, 
26]. It is safe to assume that more than 30% of patients using ADT will experience 
hot flashes.

Patients report more hot flashes within the first 3 months with degarelix than 
leuprolide. This is due to the antagonistic effect of degarelix and the speed with 
which it reduces testosterone compared to slower acting leuprolide. After 3 months, 
it is unlikely for a patient to start experiencing hot flashes.

7 Androgen Deprivation Therapy
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The main risk factor for developing hot flashes appears to be with men who have 
a higher BMI or slower heart rate. The exact reason for these predictors is specula-
tive. Having a higher BMI is associated with lower testosterone levels at baseline 
and may hasten the suppression. For heart rate, it is thought that hypothyroid condi-
tions may play a role in contributing to hot flashes [26].

There are several ways to manage hot flashes. The method of management should 
be commensurate with the severity, i.e., the more severe the hot flashes, the more 
invasive the treatment.

Studies in Europe have shown that cyproterone acetate, an antiandrogen/proges-
tin, has a 95% success rate in resolving hot flashes. Cyproterone acetate is not used 
as a first line regardless of its efficacy in reducing hot flashes because it can interfere 
with the ADT therapy [25, 27].

Medroxyprogestrone acetate is 83% effective in resolving hot flashes and is con-
sidered the first-line treatment for hot flashes [25, 27]. Since depomedroxyproges-
terone acetate (Depo-provera®) is readily available in 150 mg IM doses in the United 
States, it is most often dosed at 300IM q6mos as needed for hot flashes. Be aware 
that depomedroxyprogesterone has the potential for serious side effects. 
Thromboembolism, breast cancer, depression, seizures, bone density loss, and 
hepatic impairment are just a few [39].

Venlafaxine ER 75 mg daily is about 47% effective at reducing and/or eliminat-
ing hot flashes [27]. Venlafaxine has serious side effects of its own such as suicidal 
ideation and worsening depression, serotonin syndrome, seizures, and arrhythmias 
to name a few. Initially, close follow-up after starting this medication is recom-
mended. This medicine must not be stopped abruptly, so refills need to be main-
tained on time and the patient needs to be compliant and reliable [28].

Alternative or complementary treatments such as soy, black cohosh, or Mexican 
yam have some anecdotal effect. However, this may be a placebo effect. In a very 
small study of 33 men undergoing ADT, soy protein did not show improvement in 
vasomotor symptoms. Acupuncture was tested and found to be effective with 95% 
improvement, but none of the acupuncture studies was randomized or placebo- 
controlled [25].

Injection site pain occurs more often with degarelix (35%) as opposed to leupro-
lide (1%). When experienced it is mostly mild to moderate and is usually in the first 
injection only. The first injection of degarelix is two180 mg doses vs. one 80 mg 
dose for maintenance. This medication forms a disc or nodule under the skin and is 
more viscous than a traditional vaccine. The best management is patient education. 
Tylenol is sufficient to help with residual pain. Over-the-counter hydrocortisone 
cream can also help with redness.

Fatigue is a noticeable side effect of ADT that can affect the quality of life. 
Fatigue, as a symptom of hypogonadism, is so recognizable that it is used as a mar-
ketable tool for men’s health clinics. Fatigue is reported about 3–11% depending on 
the study referencing [13, 24]. The only evidence-based management for ADT- 
induced fatigue is exercise. In a systematic review of all peer-reviewed articles pub-
lished between 1980 and 2013 focusing on exercise and the treatment-related 
adverse effects of prostate cancer, none of the outcomes reported worsening fatigue 
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with exercise. All studies reviewed showed improvement or equivocal results. The 
studies that showed improvement varied from as little as 30 min 3 days a week to 
60 min 3–5 days a week. The one commonality the positive studies had was some 
form of resistance training to improve muscle mass/definition [29, 31].

After only 9 months of ADT, about 80% of men will have a decrease in bone 
mineral density (BMD) [32]. A decrease in BMD leads to osteopenia, osteoporosis, 
and increased risk for fractures. The risk for fractures increases with longer duration 
of use. The National Comprehensive Cancer Network (NCCN) guidelines recom-
mend men have a serum 25-hydroxy vitamin D and a DEXA bone scan for baseline 
information [33]. The National Osteoporosis Foundation recommends men older 
than 50 years of age, have a daily intake of 1200 mg calcium, and 800–1000 IU 
vitamin D [25]. It is reasonable to recommend patients start a calcium and vitamin 
D supplement such as Caltrate® or Citracal®. The upper limit of safe vitamin D3 
supplement in a 50-year-old or older with normal vitamin D levels is 4000 IU daily. 
If vitamin D levels drop below normal (<20 ng/ml), the patient should be replen-
ished [33]. In high-risk patients, such as ADT-treated patients, vitamin D is often 
replaced when levels drop below 30 ng/ml. vitamin D3 is sold in stores in 2000 IU 
and 4000  IU doses. The common practice is to recommend 2000  IU of vitamin 
D3  in addition to the calcium and vitamin D supplement. If a severe deficiency 
occurs <10  ng/ml, 50,000  IU of vitamin D2 once a week should be prescribed. 
Repeat 25-hydroxy levels 3 months after treatment, is recommended to ensure they 
have returned to normal. If vitamin D levels fail to increase with over-the-counter 
D3 supplementation, 50,000 IU of vitamin D2 weekly should be prescribed. Patients 
who have 25-hydroxy serum levels <10 ng/ml at the baseline evaluation are at risk 
for osteomalacia, referral to their primary care for further evaluation is recom-
mended [33].

There is no evidence-based guideline set by the AUA or NCCN on how often 
vitamin D should be monitored. The NCCN suggests yearly screening at a mini-
mum. Conservative management practices choose to monitor every 6 months.

The NCCN guidelines recommend denosumab (60  mg subcutaneously every 
6 months), for men who have a 10-year risk of fracture ≥3%, based on the Fracture 
Risk Assessment Tool (FRAX) algorithm, or if the baseline DEXA scan shows 
osteopenia. The FRAX algorithm can be accessed at https://www.sheffield.ac.uk/
FRAX/. When using the FRAX algorithm, select yes for “secondary osteoporosis” 
due to ADT [25, 34].

A cascade of side effects occurs with the increase in fat mass, loss of lean muscle 
mass, and increase in waist circumference. Men are at risk of having metabolic 
syndrome, which is a significant risk factor for diabetes and heart disease [35]. 
Studies have shown that as little as 12 weeks of ADT can result in a decrease in 
insulin sensitivity and an increase in plasma insulin. In multiple studies, greater than 
1 year of ADT, 28–44% of the men had fasting glucose in the diabetic range [25]. 
No definitive prevention or guidelines have been set to address the risk of diabetes. 
Some preliminary studies have shown positive outcomes with metformin usage [25, 
30]. Prescribing this is not the standard of care to date, and managing diabetes or 
prediabetes is not in the purview of urology.
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Regular monitoring of blood glucose level every 6 months is a sound clinical 
decision. Also working in concert with a patient’s primary care provider will help 
ensure patient health while on ADT.

The FDA has required the drug manufacturers of leuprolide to list an association 
with increased risk in cardiac harm. The studies regarding this have mixed results. 
There are multiple studies to show an association between ADT use and increased 
incidents of coronary artery disease (CAD), myocardial infarction (MI), and con-
gestive heart failure (CHF). The cause for this is unknown. Lack of testosterone 
alone may not be the culprit. Men who have undergone orchiectomies do not show 
an increased risk for CAD. This would suggest the problem lies with the pharmacol-
ogy of the medication or a secondary problem arising from the metabolic effects of 
weight gain, decreased lean muscle mass, increase in central obesity, and increase 
in serum lipids. All of which have known cardiovascular risk factors. The use of 
ADT does not increase the overall morbidity due to CAD unless the patient had 
CAD, CHF, or a history of MI prior to start of ADT [25, 30, 36]. Careful patient 
selection and monitoring are key to the prevention of CAD complications.

The use of ADT can significantly affect the quality of life with decreased libido and 
erectile dysfunction. This can lead to loss of feeling of masculinity and depression [37].

Decrease in testosterone results in a loss of libido. Over time, it can increase venous 
leakage, decrease arterial flow, and impair nitric oxide leading to sexual dysfunction. 
There is also significant atrophy of the penis and testes [25]. This can lead to feelings 
of loss of masculinity, particularly in men who are younger and define masculinity 
with sexual function. Men who have erectile dysfunction prior to treatment due to age, 
medication, or comorbid conditions are less bothered by this. Loss of sexual function 
can be particularly stressful in men who are single or not in long-term relationships. 
Navigating a new relationship can be tricky when one partner cannot perform sexually 
and may lead men to avoid social situations or dating. Men in relationships, also 
worry about their partner leaving them if they cannot satisfy them [37].

This loss of masculinity and self-identity can lead to depression. Men should be 
screened for depression and thoughts of suicide. If patients are willing to admit to 
thoughts of depression, sadness, or loss of self-worth, referral to their primary care 
providers for antidepressants is recommended. Three studies have shown that mod-
erate to high-intensity exercise can improve sexual function in men. This translates 
to ≥3000 kcal/week or 450 kcal/day [30]. The average man would need to walk 
briskly for an hour a day to achieve this. That is a lot of exercise, and most Americans 
do not have the self-discipline or physical health to accomplish this.

 Healthy Lifestyle

It is important that patients adopt a healthy lifestyle while receiving ADT. Exercise, 
both aerobic and strength training, is important in mitigating side effects such as 
fatigue, erectile dysfunction, and hot flashes. Weight-bearing exercises are impor-
tant for bone density. Consistent aerobic exercise is a known benefit for cardiovas-
cular health. Diet, as a solution for the side effects of ADT, is under continual study. 
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Challenges arise when studying diet, mainly in compliance and reporting. There are 
to date no known foods that will reverse hot flashes or improve ED [29]. We know 
that patients who have a waist circumference of greater than 40 inches are at higher 
risk for metabolic syndrome and CAD. A heart-healthy diet low in refined carbohy-
drates and sugars can help reduce waist circumference. We have discussed that 
patients with a BMI greater than 30 and regular alcohol consumption are more 
prone to hot flashes. Adopting a healthy lifestyle with exercise and diet are the keys 
to reducing the risks of side effects of ADT, but there is no proof that these will 
eliminate them all together [25, 30]. At the end of the day, eating healthy and exer-
cising regularly will improve a patient’s outlook and mood. That may be the best 
way to ensure good quality of life despite the side effects.

 Patient Counseling

Many large urology groups have dedicated Advance Prostate Cancer Clinics 
(APCC) where an MD or an APC spends 30–40 minutes educating patients when 
they start an ADT medication. It is important to manage patient expectations when 
starting this medication. Patients should be aware of all of the side effect potentials 
with this treatment.

By educating the patients about the risks that ADT presents, they can keep open 
dialogue with all their providers.

Knowing the cardiac and metabolic effects can help patients understand the role 
this treatment will play in managing their existing cardiac or diabetic conditions. 
Feelings of depression or loss of quality of life can be discussed without shame 
when patients know the medicine is causing their problems. Patients need to know 
there are potential solutions before the symptoms arise to prevent frustration and 
noncompliance with treatment.

Discussing sexual function and depression are sensitive intimate discussions. 
Taking time to review this treatment helps the provider and patient build a relation-
ship that fosters open communication. This will lead to more “shared decision- 
making” (SDM). SDM leads to higher patient satisfaction scores, and patients 
report better quality of life if they feel they have chosen their treatments. When 
patients feel that they have control of their healthcare, they will be more likely to be 
compliant with treatment regimens [38].

 Second-Line Hormone Manipulation

 Ketoconazole

Historically, second-line therapies such as ketoconazole have been used off-label in 
men with castrate-resistant prostate cancer before and after chemotherapy. One 
example of a second-line hormonal therapy is ketoconazole, which is a nonselective 
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steroid 17α-hydroxylase/17, 20 lyase (CYP17A1) inhibitor that blocks the synthesis 
of adrenal testosterone. It is prescribed at 200 mg or 400 mg three times daily along 
with prednisone due to adrenal suppression. Testosterone suppression to castrate 
levels is immediate. One study noted that castrate levels of testosterone occurred 
within 4  hours [22]. Currently, ketoconazole is utilized as palliative therapy for 
patients with advanced prostate cancer with symptomatic spinal cord compression 
and in a setting with limited access to GnRH receptor antagonists [23]. More recent 
second-line therapies (abiraterone, enzalutamide, and apalutamide) have super-
seded the need for ketoconazole beyond the urgent need for castration in the symp-
tomatic spinal cord compression patient and will be discussed in another chapter.
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Chapter 8
Second-Generation Androgen-Targeted 
Agents

Laura P. Gurten and Jamison S. Jaffe

 Second-Generation Androgen-Targeted Agents

Prostate cancer is the most commonly diagnosed solid organ cancer and the second 
leading cause of cancer death among men in the United States [1]. The National 
Cancer Institute (NCI) estimated approximately 161,360 men were diagnosed with 
the disease in 2017, with 26,730 estimated deaths as a result [2]. That number rose 
to approximately 165,000 diagnoses and close to 30,000 deaths in 2018 [1]. Despite 
early detection, as well as advances in surgical and radiation techniques, the disease 
can recur.

Studies suggest that 15–40% of men with prostate cancer will go on to develop 
recurrent, biochemical recurrence (BCR), and/or metastatic disease within 10 years 
of initial treatment [3]. The median time to BCR is typically 2–3 years, which has 
been strongly associated with PSA doubling time (PSADT) [3]. Moreover, research 
provides evidential support that the risk of metastases increases as PSADT decreases 
[3]. The American Urologic Association (AUA) defines biochemical recurrence as 
a PSA > 0.2 ng/ml measured greater than or equal to 6 weeks post radical prostatec-
tomy with a confirmatory check of a PSA persistently >0.2 ng/ml [3]. Additionally, 
in 1996, the American Society for Therapeutic Radiology and Oncology (ASTRO) 
established a definition of biochemical failure after external beam radiotherapy [4]. 
The ASTRO definition defined biochemical failure as occurring after three consecu-
tive PSA rises after a nadir with the date of failure as the point halfway between the 
nadir date and the first rise or any rise great enough to provoke initiation of 
therapy [4].

It was discovered in 1941, by Huggins and Hodges, that prostate cancer is an 
androgen-dependent disease [5]. Further research revealed that, although patients 
with metastatic prostate cancer experienced significant tumor regression and 
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palliation of symptoms after medical or surgical castration, endocrine therapy alone 
often failed to control the disease long term leading to a castrate-resistant state [5]. 
Castration-resistant prostate cancer (CRPC) is defined by disease progression 
despite androgen-deprivation therapy (ADT) and may present as a continuous rise 
in serum levels of PSA, progression of preexisting disease, and/or appearance of 
new metastases [6]. Patients inevitably progress to a castrate-resistant state, despite 
initial response to ADT, and the cancer continues to progress even with low levels 
of serum testosterone [5]. For decades, patients with CRPC were thought to have 
hormone-refractory tumors with the assumption that additional hormonal manipula-
tions would be ineffective due to the fact that patients were already experiencing 
clinical progression in the setting of low levels of serum testosterone [5].

The exact process of transitioning from castration-sensitive to castration- resistant 
prostate cancer is unknown [1]. We do know the androgen receptor remains active 
and continues to drive prostate cancer progression, despite castrate levels of andro-
gens [1]. Continued dependence of androgen receptor signaling is clearly evident 
through rising levels of PSA, an androgen receptor target gene, which occurs in 
virtually all patients with progressive disease [5]. There are multiple mechanisms 
that contribute to continued androgen receptor signaling including genomic ampli-
fication and overexpression of androgen receptors, alterations in androgen trans-
port, increased synthesis of extragonadal androgens and many more [5]. Developing 
agents that completely block androgen receptor signaling has posed a challenge to 
many researchers.

Until recently, the options for medical management for patients with CRPC were 
extremely limited. Prior to 2004, treatments were administered for the sole purpose 
of palliation once patients failed primary androgen deprivation [1]. As our knowl-
edge base grows regarding the understanding of tumor biology, the treatment of 
CRPC has dramatically changed over the last decade. The mainstay of treatment, 
for patients with newly diagnosed advanced disease, remains suppression of gonadal 
androgens using a gonadotropin-releasing hormone (GnRH) analog alone or in 
combination with an anti-androgen agent [5].

Historically, conventional, first-generation anti-androgen agents such as bicalu-
tamide, flutamide, and nilutamide have been used in combination with a GnRH 
agonists and antagonists. In recent years, research regarding the limitations of first- 
generation anti-androgens, their agonist potential and weak affinity for androgen 
receptors, has resulted in an apparent need to develop novel, potent, and pure 
second- generation androgen receptor antagonists that directly target the androgen- 
receptor- binding domain and impair nuclear translocation [5].

A multitude of clinical trials have been performed as a result of the need for, bet-
ter, more potent medications. More specifically, trials such as SPARTAN, PROSPER, 
PREVAIL, LATITUDE, and STAMPEDE have resulted in the Food and Drug 
Administration (FDA) approval of agents designed specifically to affect the andro-
gen axis. Since 2010, the FDA has approved five new drugs for the treatment of 
metastatic castration-resistant prostate cancer (mCRPC); however, progress has 
been slower in the treatment of nonmetastatic castration-resistant prostate cancer 
(nmCRPC) [7]. With such a significant increase in the number of therapeutic agents 
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available for the treatment of CRPC, clinical decision-making has become more 
complex as providers are presented with many treatment options and various 
sequencing of these agents [1]. In the wake of such advancements, the AUA issued 
an amendment to their CRPC guideline statement in April 2018. The new guideline, 
which profiles six index patients, was created to help providers in their daily clinical 
decision-making.

 Usage, Indications, and Side Effects of Abiraterone, 
Enzalutamide, Apalutamide, and Darolutamide

 Abiraterone (ZYTIGA™, YONSA™)

Abiraterone, in combination with prednisone, is indicated for the treatment of 
patients with metastatic castration-resistant prostate cancer (mCRPC) [8]. The med-
ication was initially FDA approved in 2011 for this use; however, it has recently 
received attention for its approval and indication in men with metastatic castration- 
sensitive prostate cancer (mCSPC). Brand names of the medication include Zytiga™ 
and Yonsa™.

The STAMPEDE trial, which included 1917 patients, was a randomized multi-
arm study performed from November 2011 to January 2014 on men with locally 
advanced or metastatic prostate cancer [9]. This trial concluded that ADT plus abi-
raterone and prednisolone was associated with significantly higher overall survival 
rates, as well as higher rates of progression-free survival [9]. Additionally, the 
LATITUDE trial, which followed 1199 men with mCSPC, proved that the addition 
of abiraterone and prednisone to ADT significantly increased overall survival and 
radiographic progression-free survival in men with newly diagnosed mCSPC [10].

The mechanism of action of abiraterone is its ability to inhibit CYP17 [8]. The 
enzyme CYP17 is required for androgen biosynthesis and can be found in testicular, 
adrenal, and prostatic tissues [8]. The inhibition of CYP17 can also result in 
increased mineralocorticoid production by the adrenal glands [8].

The potential for adverse reactions must be taken into consideration when pre-
scribing. Serious side effects can include hypertension, hypokalemia, arrhythmias, 
cardiac failure, adrenal insufficiency, hepatotoxicity, fulminant hepatitis, and acute 
hepatic failure [8]. More common side effects can include nausea, hypertriglyceri-
demia, hypercholesterolemia, elevated LFTs, hyperglycemia, fatigue, URI, lym-
phopenia, UTI, arthralgia, headache, hypokalemia, dyspnea, edema, contusion, 
hypophosphatemia, cough, anemia, hot flashes, diarrhea, vomiting, hypernatremia, 
constipation, diarrhea, hematuria, insomnia, and dyspepsia [8, 9]. There have been 
post-marketing reports of noninfectious pneumonitis, myopathy including rhabdo-
myolysis, and acute hepatic failure resulting in death [8].

Abiraterone should be used with caution in patients with a history of cardiovas-
cular disease. Safety has not been established for those with LVEF <50% or those 
patients considered to be NYHA Class III or IV heart failure [8]. Hypertension, 
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hypokalemia, and fluid retention can occur as a result of increased mineralocorti-
coid production due to CYP17 inhibition [8]. Adrenocortical insufficiency can 
occur following interruption of daily steroids and/or in situations of concurrent 
infection or stress [8]. Caution must be used when administering abiraterone to 
patients with hepatic impairment, Child-Pugh Class B [8]. Men with female part-
ners, of reproductive potential, should be advised to use some form of contraceptive 
during treatment and for 3 weeks after their final dose [8]. Male patients should be 
advised that the use of abiraterone may impair fertility [8]. Also, women who are 
pregnant or may become pregnant should not handle abiraterone uncoated tablets or 
other tablets if broken, crushed, or damaged without protection such as gloves [8].

Prior to initiating therapy, baseline LFTs should be performed [8]. Subsequent 
follow-up includes monitoring LFTs every 2 weeks for 3 months, then monthly [8]. 
If Child-Pugh Class B, then LFTs should be monitored weekly for 4 weeks, every 
2 weeks for 8 weeks, then monthly [8]. Blood pressure and potassium should be 
performed at baseline, then monitored monthly thereafter [8]. Signs and symptoms 
of edema should be monitored monthly [8]. Adrenal function should be monitored 
throughout the duration of therapy [8].

The recommended dosage of Zytiga™, for the use of mCRPC, is 1000 mg (two 
500 mg tablets or four 250 mg tablets) to be taken orally once daily with 5 mg of pred-
nisone every 12  hours [8]. The recommended dosage of Yonsa™, for the use of 
mCRPC, is 500 mg (four 125 mg tablets) to be taken orally once daily with 4 mg of 
methylprednisolone twice daily [8]. The recommended dosage of Zytiga™, for the use 
of metastatic high-risk castration-sensitive prostate cancer, is 1000 mg (two 500 mg 
tablets or four 250 mg tablets) to be taken orally once daily with 5 mg of prednisone 
every 12 hours [8]. Patients receiving abiraterone should also receive a GnRH analog, 
such as leuprolide, concurrently or should have had bilateral orchiectomy [8].

Drug-to-drug interactions should always be taken into consideration. Notably, 
the concomitant use of abiraterone with drugs that are strong CYP3A4 inducers 
should be avoided, as this may decrease the systemic exposure of abiraterone [8]. 
Examples of strong CYP3A4 inducers include carbamazepine, phenytoin, dexa-
methasone, and St. John’s Wart. If the combination must be used, it is recommended 
to increase the abiraterone dosing to twice daily [8]. Concomitant use of medica-
tions primarily metabolized by CYP2D6 and CYP2C8 should also be avoided, as 
abiraterone may increase the therapeutic effect of these medications [8]. One com-
mon example is amiodarone.

 Enzalutamide (XTANDI™)

Enzalutamide, brand name Xtandi™, is indicated for the treatment of castration- 
resistant prostate cancer, both metastatic and nonmetastatic, as well as metastatic 
castration-sensitive prostate cancer [11]. Until recently, there were no FDA- 
approved medications available to treat all three groups, making this a pivotal tran-
sition in the way we treat prostate cancer. Enzalutamide was first FDA approved in 
2012 for the treatment of men with mCRPC [12]. The hallmark approval of the 
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medication, for the treatment of men with nmCRPC, came on July 13, 2018 [12]. 
Finally, the medication was approved for the treatment of men with mCSPC on 
December 16, 2019 [13]. With this final approval, Enzalutamide became the first 
and only oral medication used in the treatment of these three distinct groups of 
advanced prostate cancer.

Extensive research was performed to ensure the efficacy of this medication to all 
three groups. The PROSPER trial, a phase 3 double-blind trial, studied 1401 patients 
with nmCRPC and had a primary endpoint of metastasis-free survival [14]. From 
the PROSPER trial, it was concluded that among men with nmCRPC and a rapidly 
rising PSA, treatment with enzalutamide led to a significant 71% lower risk of 
metastasis or death than placebo alone [14].

Additionally, a double-blind phase 3 trial was performed on 1717 patients with 
mCRPC [15]. The PREVAIL trial had co-primary endpoints of radiographic 
progression- free survival, as well as overall survival [15]. Conclusions from this trial 
revealed that enzalutamide did significantly decrease the risk of radiographic pro-
gression, death, and delayed the initiation of chemotherapy in men with mCRPC [15].

The most recent research regarding enzalutamide comes from the ARCHES trial, 
a double-blind phase 3 trial, involving 1150 men with mHSPC (metastatic hormone- 
sensitive prostate cancer) and a primary endpoint of radiographic progression-free 
survival [16]. Results from the ARCHES trial revealed a significant reduction of 
radiographic progression or death with the use of enzalutamide plus ADT versus 
placebo plus ADT, in men with mHSPC [16]. This included those men with low 
volume disease and/or prior treatment with docetaxel. In addition, it was concluded 
that enzalutamide plus ADT significantly reduced the risk of PSA progression, first 
symptomatic skeletal event, initiation of new antineoplastic therapy, pain progres-
sion, and castration resistance [16].

Enzalutamide functions as an androgen receptor inhibitor [11]. It works by com-
petitively inhibiting the act of androgen binding to androgen receptors [11]. 
Enzalutamide also inhibits androgen receptor nuclear translocation and interaction 
with DNA resulting in decreased proliferation and induced cell death [11]. This is 
an extremely important mechanism that first-generation anti-androgen agents lack.

Despite the efficacy of the medication, adverse reactions can still occur. During 
clinical trials, serious adverse reactions were noted and included seizures, posterior 
reversible encephalopathy syndrome (PRES), neutropenia, severe infection, hyper-
sensitivity reaction, ischemic heart disease, fractures, and falls [11, 14]. More com-
mon adverse reactions included asthenia, fatigue, back pain, constipation, arthralgia, 
diarrhea, hot flashes, decreased appetite, musculoskeletal pain, neutropenia, periph-
eral edema, weight loss, headache, respiratory infection, dyspnea, dizziness, ver-
tigo, hypertension, nausea, falls, fractures, muscle weakness, insomnia, hematuria, 
dysgeusia, paresthesia, anxiety, thrombocytopenia, mental impairment, pollakiuria, 
hypesthesia, pruritus, xeroderma, gynecomastia, epistaxis, hyperbilirubinemia, and 
musculoskeletal stiffness [11, 14]. There have been post-marketing reports of vom-
iting, rash, and edema of the face, tongue, lip, or pharynx [11].

Enzalutamide should be used with caution in patients who have a history of sei-
zure or suffer from seizure disorder [11]. The medication must be permanently dis-
continued in any patient that develops a seizure during treatment [11]. Caution should 
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be used in patients with a history of cardiovascular disease, especially ischemic heart 
disease [11, 14]. Enzalutamide must be discontinued for any grade 3–4 ischemic 
cardiac reaction [11]. Cardiovascular risk factors such as hypertension, diabetes, or 
dyslipidemia should be optimized prior to treatment [11]. Caution should be used in 
those patients more at risk for falls and fractures, and the use of bone-targeted agents 
should be considered [11]. The medication must be discontinued in any patient who 
develops PRES, which must be confirmed by brain imaging such as MRI [11]. Men 
with female partners, of reproductive potential, should be advised to use some form 
of contraceptive during treatment and for 3 months after their final dose [11]. Male 
patients should also be advised that the use of enzalutamide may impair fertility [11].

There are no routine tests or monitoring recommended during treatment [11]. 
Pharmacokinetic data pulled from multiple clinical trials showed no significant dif-
ference in enzalutamide clearance for those with preexisting mild to moderate renal 
impairment as compared to patients with normal renal function [11]. No initial dose 
adjustment is necessary for patients with mild to moderate renal impairment [11]. 
The use of enzalutamide in patients with severe to end-stage renal disease has not 
been assessed [11]. Dedicated hepatic trials revealed patients receiving enzalu-
tamide with baseline mild, moderate, or severe hepatic impairment had similar sys-
temic exposure as those patients with normal hepatic function [11]. No initial dose 
adjustment is necessary for patients with hepatic impairment [11].

The recommended dose of enzalutamide is 160 mg (four 40 mg capsules) to be 
taken orally once daily [11]. The medication can be taken with or without food. The 
medication should not be crushed, chewed, dissolved, or the capsules opened. 
Patients receiving enzalutamide should also receive a GnRH analog concurrently or 
should have had bilateral orchiectomy [11].

There are multiple drug-to-drug interactions that must be taken into consider-
ation. It is recommended that concomitant use of enzalutamide and strong CYP2C8 
inhibitors be avoided [11]. The combination can decrease the efficacy of medica-
tions such as warfarin. If unable to avoid the combination, the enzalutamide dose 
should be reduced to 80  mg once daily [11]. Avoidance of coadministration of 
enzalutamide and strong CYP3A4 inducers is recommended, as this combination 
can reduce the efficacy of enzalutamide [11]. If unable to avoid the combination, the 
enzalutamide dose should be increased from 160 to 240  mg once daily [11]. 
Concomitant use of medications primarily metabolized by CYP3A4 substrate, 
CYP2C9 substrate, and CYP2C19 should also be avoided, as enzalutamide may 
decrease the efficacy of these medications [11].

 Apalutamide (ERLEADA™)

Apalutamide, brand name Erleada™, is indicated for the treatment of patients with 
nonmetastatic castration-resistant prostate cancer [17]. In February 2018, apalu-
tamide became the first FDA-approved drug of its kind for the treatment of men 
with nmCRPC [2].
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The SPARTAN trial, a double-blind phase 3 study, was designed to prove that the 
use of apalutamide in men with nmCRPC would lead to a longer period of metastasis- 
free survival [18]. The study followed 1207 men with nmCRPC and a PSDAT of 
10 months or less [18]. Results of the study showed a significantly longer metastasis- 
free survival for those in the apalutamide group, as opposed to the placebo group 
[18]. The median time to metastasis-free survival was 40.5 months in the apalu-
tamide group, compared to 16.2 months in the placebo group [18]. A secondary 
endpoint of progression-free survival and an exploratory endpoint of PSA response 
were also evaluated, revealing positive results for the apalutamide group in both 
categories [18]. Median progression-free survival was 40.5 months for the apalu-
tamide group, compared to 14.7 for the placebo group [18]. Moreover, 89.7% of 
patients in the apalutamide group experienced a PSA response, as opposed to 2.2% 
in the placebo group [18].

Like enzalutamide, apalutamide is an androgen receptor inhibitor that binds 
directly to the ligand-binding domain of the androgen receptor [17]. Apalutamide 
inhibits the nuclear translocation of the androgen receptor, inhibits DNA binding, 
and impedes androgen receptor transcription causing decreased tumor cell prolif-
eration and increased apoptosis leading to decreased tumor volume [17].

Serious reactions of the medication can include fractures, seizures, HTN, cardiac 
ischemia, heart failure, and hyperkalemia [17]. During clinical trials, more specifi-
cally the SPARTAN trial, eight patients (1%) treated with Erleada™ died from seri-
ous adverse reactions [17, 18]. The cause of death among these patients included 
infection, myocardial infarction, and cerebral hemorrhage [17, 18]. More common 
adverse reactions can include hypercholesterolemia, anemia, hyperglycemia, hyper-
triglyceridemia, leukopenia, lymphopenia, fatigue, rash, diarrhea, nausea, arthral-
gia, falls, weight loss, hot flashes, decreased appetite, peripheral edema, 
hypothyroidism, pruritus, and CHF [17].

Apalutamide should be used with caution in patients who have a history of sei-
zure or suffer from seizure disorder [17]. Apalutamide must be permanently discon-
tinued in any patient that develops a seizure during treatment [17]. It is unknown 
whether or not antiepileptic medications will prevent seizures during treatment [17]. 
Caution should be used in those patients more at risk for falls and fractures and use 
of bone-targeted agents should be considered [17]. Men with female partners, of 
reproductive potential, should be advised to use some form of contraceptive during 
treatment and for 3  months after their final dose [17]. Male patients should be 
advised that the use of apalutamide may impair fertility, and they should not donate 
sperm for 3 months following their last dose of apalutamide [17].

Due to the risk of hypothyroidism during treatment, it has been recommended 
that TSH be monitored every 4 months [19]. It is advisable to perform a baseline 
TSH prior to therapy. There were no clinically significant differences in the pharma-
cokinetics of apalutamide observed in patients with mild to moderate renal impair-
ment or mild to moderate hepatic impairment [17]. The effect on those with severe 
renal impairment or severe hepatic impairment is unknown [17].

The recommended dose of apalutamide is 240 mg (four 60 mg tablets) adminis-
tered orally once daily [17]. The tablet should be swallowed whole and can be taken 
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with or without food [17]. Patients receiving apalutamide should also receive a 
GnRH analog concurrently or should have had bilateral orchiectomy [17].

Multiple drug-to-drug interactions have been observed and must be taken into 
consideration when prescribing apalutamide. Concomitant use with medications 
that are sensitive substrates of CYP3A4, CYP2C19, CYP2C9, UGT, P-gp, breast 
cancer resistance protein (BCRP), or OATP1B1 may result in loss of activity of these 
medications [17]. Strong CYP2C8 inhibitors and strong CYP3A4 inhibitors have 
been shown to increase the steady state of apalutamide [17]. Additionally, CYP3A4/
CYP2C8 inducers have been shown to decrease the steady state of apalutamide [17]. 
Acid lowering agents, such as proton pump inhibitors and H2 receptor antagonist, 
are not expected to affect the bioavailability or solubility of apalutamide [17].

 Darolutamide (NUBEQA™)

Darolutamide, brand name Nubeqa™, is indicated for the treatment of patients with 
nonmetastatic castration-resistant prostate cancer [20]. In July 2019, darolutamide 
became the newest drug on the market for the treatment of nmCRPC [21]. What is 
more significant, darolutamide offers the potential for fewer and less severe toxic 
effects than apalutamide and enzalutamide because of its distinct structure [22].

The ARAMIS trial, which set out to prove the efficacy of this medication, was a 
randomized double-blind, phase 3, placebo-controlled study that included 1509 
patients with nmCRPC and a PSADT of 10 months or less [22]. The study’s primary 
endpoint was metastasis-free survival, with the presence of metastasis determined 
by radiographic imaging every 16 weeks [22]. From the ARAMIS trial, it was con-
cluded that, among men with nmCRPC, metastasis-free survival time was signifi-
cantly longer with darolutamide than with placebo alone [22]. The median 
metastasis-free survival time was 40.4  months for those individuals treated with 
darolutamide, as opposed to 18.4 months in the placebo group [22]. Secondary end-
points including overall survival, time to symptomatic skeletal event, time to cyto-
toxic chemotherapy, and time to pain progression were also studied with all positive 
outcomes noted [22].

Like apalutamide and enzalutamide, darolutamide is an androgen receptor inhib-
itor [20]. Darolutamide inhibits androgen receptor binding, androgen receptor 
nuclear translocation, and androgen-receptor-mediated translocation resulting in 
decreased prostate cancer cell proliferation and tumor volume [20]. As stated previ-
ously, due to its distinct structure, darolutamide has low penetration of the blood–
brain barrier and low binding affinity for γ-aminobutyric acid type A receptors 
resulting in fewer and less severe toxic effects than other drugs on the market 
today [22].

With any medication, the potential for serious adverse reactions must be taken 
into consideration when prescribing darolutamide. During clinical trials, serious 
adverse reactions were noted and included cardiac failure, cardiac arrest, general 
physical health deterioration, pulmonary embolism, urinary retention, pneumonia, 
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neutropenia, hematuria, and death [20]. More common adverse reactions included 
increased bilirubin, increased aspartate aminotransferase, fatigue, rash, neutrope-
nia, and extremity pain [20].

Darolutamide should be used with caution in patients who have moderate hepatic 
impairment, Child-Pugh Class B [20]. Caution should also be used in patients with 
severe renal impairment or eGFR 15–29 mL/min/1.73 m2, who are not receiving 
hemodialysis [20]. Overall, there were no differences in the safety or efficacy of the 
medication observed between the geriatric population and younger patients [20]. 
Male patients should be advised that the use of darolutamide may impair fertility 
[20]. The safety and efficacy of darolutamide have not been established in female 
patients; however, due to the mechanism of action, it has been noted that the medi-
cation has the potential to cause fetal harm and/or loss of pregnancy [20]. Males 
with female partners, of reproductive potential, should be advised to use some form 
of contraceptive during the entirety of treatment and 1 week after the last dose of 
darolutamide is administered [20].

There are no routine tests or monitoring recommended during treatment [20]. It 
is advisable that baseline hepatic and renal function be assessed prior to initiating 
treatment. Dosing should be held or reduced if the patient experiences a greater than 
or equal to Grade 3 toxicity or an intolerable adverse reaction [20]. Normal dosing 
may be resumed once the patient’s symptoms have improved [20].

The recommended dose of darolutamide is 600  mg (two 300  mg film-coated 
tablets) taken orally twice daily [20]. The medication should be taken with food 
[20]. When administered with food, the bioavailability of darolutamide increases 
2.0 to 2.5-fold [20]. The medication should not be crushed, chewed, or dissolved. 
Patients receiving darolutamide should also receive a GnRH analog concurrently or 
should have had bilateral orchiectomy [20]. Patients with moderate hepatic impair-
ment have a higher exposure to darolutamide, and dosage reduction is recommended 
[20]. The recommended dose for this patient population is 300 mg twice daily [20]. 
No dose reduction is needed for patients with mild hepatic impairment [20]. The 
effect of severe hepatic impairment (Child-Pugh C) with the use of darolutamide is 
unknown [20]. Patients with severe renal impairment also have a higher exposure to 
darolutamide, and dosage reduction is recommend [20]. The recommended dose for 
this patient population is 300 mg twice daily [20]. No dose reduction is needed for 
patients with mild to moderate renal impairment (eGFR 30–89 mL/min/1.73 m2) 
[20]. The effect of end-stage renal disease (eGFR ≤15 mL/min/1.73 m2) with the 
use of darolutamide is unknown [20]. Dose reduction below 300 mg twice daily is 
not recommended [20].

Drug-to-drug interactions must be taken into consideration when prescribing this 
medication. Darolutamide is a P-gp and CYP3A4 substrate, BCRP transporter 
inhibitor, and OATP1B1 and OATP1B3 inhibitor [20]. Coadministration of darolu-
tamide and combined P-gp and/or moderate to strong CYP3A4 inducers should be 
avoided [20]. When given in combination with these medications, the activity of 
darolutamide may be decreased [20]. Coadministration of darolutamide along with 
combined P-gp and strong CYP3A4 inhibitors increases the exposure of darolu-
tamide, which may increase the risk of adverse reactions associated with 
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darolutamide [20]. If these medications must be administered concomitantly, 
increased monitoring of adverse reactions or dosage adjustment is warranted [20]. 
Lastly, concomitant use of darolutamide with BCRP substrates should be avoided if 
possible [20]. This combination may increase the risk of BCRP substrate-related 
toxicities [20]. If these medications must be administered together, more frequent 
monitoring of adverse reactions and reduction in dosage of the BRCP substrate drug 
must be considered [20].

 Conclusion

Metastatic-castration-resistant prostate cancer remains incurable. Despite this, men 
suffering from this disease are living substantially longer due to advances in research 
and the rate at which new medications are becoming available. Second-generation 
androgen-targeted agents have dramatically changed the way we treat prostate can-
cer. The uses of these medications continue to grow as well. Consequentially, more 
research is warranted. With an aging population and increased frequency at which 
advanced prostate cancer is being diagnosed, caring for men with prostate cancer 
has become a major global healthcare challenge [23]. In the wake of studies explor-
ing disease molecular stratification, as well as correlation to disease predictive bio-
markers, there may be a new generation of medications to look forward to and new 
exciting uses of the second-generation androgen targeting agents we currently 
use today.

Clinical Pearls
• The diagnosis of incurable cancer can be a difficult conversation to have 

with patients and it is important to ensure they have an appropriate support 
system set in place. If a support system such as family and/or friends is 
unavailable to the patient, a nurse navigator should be considered to help 
guide them and answer any questions they may have.

• Quality of life and the patient’s expectations should always be discussed 
prior to initiating any treatment.

• A multidisciplinary approach to patient care should be considered and can 
often lead to better outcomes.

• A patient’s overall health status should be known and optimized prior to 
initiating any treatment.
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Chapter 9
Chemotherapy and Prostate Cancer

Miranda L. Tsang

 Introduction

While many options of first-line chemotherapy are available for other cancer types, 
it is not the case for prostate cancer (PC). Based on the most recent National 
Comprehensive Cancer Network (NCCN) guideline [1], clinicians will consider 
using chemotherapy when a patient has (i) metastatic hormone-sensitive prostate 
cancer (mHSPC) with high-risk feature; or (ii) metastatic castration-resistant pros-
tate cancer (mCRPC), with or without visceral metastases. The most common use 
of cytotoxic chemotherapy is a taxane derivative. Docetaxel is used as first-line 
chemotherapy with mHSPC and mCRPC patients. Cabazitaxel is used as second- 
line chemotherapy when patients do not tolerate docetaxel during treatment or pro-
gressed after completion of docetaxel. The taxane derivatives have shown to improve 
overall survival in men with mCRPC. Other chemotherapy may also be used during 
the cause of treatment due to the progression of disease or mCRPC with a small-cell 
feature. We are going to discuss the treatment options for both mHSPC and mCRPC 
patients, chemotherapies dosage, mechanism of action, administration and monitor-
ing, common side effects, and management.

 Metastatic Hormone-Sensitive Prostate Cancer (mHSPC)

Prior to 2016, the option of chemotherapy was reserved for patients with mCRPC 
only. Hormone-sensitive prostate cancer (HSPC) means that the prostate cancer 
cells still respond to the withdrawal of androgen deprivation therapy (ADT). It is 
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also known as “castration-naive” [1]. Men with evidence of metastatic disease with 
HSPC are the candidate for chemotherapy treatment. This group of men will receive 
docetaxel and ADT upfront. CHAARTED [2] study was published in 2016 and 
provided evidence of improved overall survival in men with mHSPC using docetaxel 
with ADT upfront compared to ADT alone. STAMPEDE [3] study also supports 
these findings in the next year. Both CHAARTED [2] and STAMPEDE [3] studies 
improved overall survival in this group of patients compared to treatment with ADT 
alone. Comparison of these two clinical trials is listed in Table  9.1. Abiraterone 
acetate (AA) with ADT can also be used in men with mHSPC, which demonstrated 
increased overall survival and radiographic progression-free survival from the 
LATITUDE study [4]. In addition, another STAMPEDE [5] study compared 
docetaxel with ADT and AA with ADT, which shows no evidence of a difference in 
overall or prostate cancer-specific survival. Moreover, the cost of docetaxel and AA 
were also compared in a recent study. Docetaxel with ADT is more cost-effective 
than AA with ADT [6]. Additional ongoing clinical trials are also providing evi-
dence of benefit with docetaxel as first-line therapy in HSPC population.

 Metastatic Castration-Resistant Prostate Cancer (mCRPC)

Castration-resistant prostate cancer (CRPC) is defined as cancer that progresses 
clinically, radiographically, or biochemically, despite castrate levels of serum tes-
tosterone (<50 ng/dL; 1.7 nmol/L) [1]. Once a metastatic disease is confirmed by 
radiographic imaging, additional treatment should be considered in addition to 
ADT [1].

Before the investigation of taxanes, the only FDA-approved chemotherapy for 
symptomatic mCRPC patients was mitoxantrone plus prednisone (1996). While 
mitoxantrone provided a palliative benefit, there was no improvement in overall 
survival when compared to prednisone alone. In the pivotal studies (1996 and 1999), 
it demonstrated pain improvement in one-third of the symptomatic CRPC patients. 
Therefore, it was used as a palliative care approach [7, 8].

Table 9.1 Comparison of CHAARTED [2] and STAMPEDE [5]

CHAARTED [2] (n = 790) STAMPEDE [5] (n = 2962)

Publication year 2015 2016
Treatment arm ADT + docetaxel (n = 397) ADT + docetaxel (n = 592)
Other arm(s) ADT ADT

ADT + zoledronic acid
ADT + zoledronic acid + docetaxel

Median age 63 65
Media overall survival 
(months)

57.6 81
(ADT alone: 44.0) (ADT alone: 71)

P <0.001 <0.001
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The first chemotherapy that presented with a survival benefit for mCRPC came 
out in 2004. In the TAX 327 study [9], docetaxel plus daily prednisone was com-
pared to mitoxantrone plus prednisone. Docetaxel every 3 weeks with prednisone 
showed improved overall survival; better pain control and quality of life; and higher 
proportion of patients with declines in serum PSA level. In 2013, the SWOG S0421 
trial [10] compared docetaxel with atrasentan, an endothelin receptor antagonist, in 
the effectiveness of treating mCRPC patients with bone metastases. There have 
been multiple trials looking at docetaxel combinations; however, none have 
improved overall outcomes compared to docetaxel plus prednisone alone. Single- 
agent docetaxel remains a standard of care for mCRPC patients. A comparison of 
TAX 327 [9] and SWOG S0421 [10] is listed in Table 9.2.

In 2010, a second-generation taxane, cabazitaxel, was approved by FDA for 
mCRPC patients who progressed on docetaxel in the first-line setting. In the 
TROPIC study [11], cabazitaxel plus prednisone was compared to mitoxantrone 
plus prednisone in men with mCRPC who had progressed after docetaxel-based 
chemotherapy. The study showed cabazitaxel plus prednisone improves overall 
survival in men that have progressed during or after docetaxel-based therapy. In 
2017, PROSELICA study [12] compared low-dose cabazitaxel (20  mg/m2) to 
standard- dose cabazitaxel (25 mg/m2), which showed that low-dose cabazitaxel 
has similar clinical benefit to standard-dose cabazitaxel with fewer side effects. 
The evolution and development of chemotherapy for prostate cancer are illus-
trated in Fig. 9.1.

Table 9.2 Comparison of TAX 327 [9] and SWIG S0421 [10]

TAX 327 [9] (n = 1006) SWOG S0421 [10] (n = 996)

Publication year 2004 2013
Treatment arm Docetaxel + prednisone every 3 weeks 

(n = 335)
Docetaxel + astasentan 
(n = 500)

Other arm(s) Mitoxantrone + prednisone every 
3 weeks

Docetaxel + placebo

Docetaxel + prednisone weekly
Median age 68 69
Media overall survival 
(months)

18.9 17.8
(Mitoxantrone: 16.5) (Placebo: 17.6)
(Docetaxel weekly: 17.4)

1996

Miroxantrone
12 mg/m2

(CCI-NOV228)

Docetaxel
75 mg/m2

(TAX 3279)

Cabazitaxel
25 mg/m2

(TROPIC11)

Cabazitaxel
20 mg/m2

(PROSELICA12)

2004 2006 2008 2010 2012 2014 2016 2018

Fig. 9.1 Evolution of chemotherapy for prostate cancer [8, 9, 11, 12]
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First-line treatment options for mCPRC include oral therapy (i.e., abiraterone 
with prednisone [13], enzalutamide [14]), and chemotherapy (i.e., docetaxel). 
Determination between oral therapy and chemotherapy depends on the patient’s 
current symptoms of PC, performance status, ability to maintain medication adher-
ence, previous exposure to the above medications, and drug–drug interaction with 
patient’s current medications. For symptomatic mCRPC patients with good perfor-
mance status, docetaxel with concurrent steroid may be considered. Patients who 
previously received docetaxel in castration-naive setting may also have benefits 
from receiving docetaxel again [1].

If the progression of disease occurs after docetaxel in the castration-resistant 
setting, cabazitaxel will be a second-line treatment option of chemotherapy. 
Patients who are not able to tolerate docetaxel should be considered for cabazi-
taxel [1].

Clinicians should also consider dose reduction and/or delay treatment if the 
patient presents with pronounced toxicities during the administration of these che-
motherapies. The result of a meta-analysis revealed that cabazitaxel is associated 
with lower rates of peripheral neuropathy than docetaxel, but there is no evidence of 
superior efficacy of cabazitaxel over docetaxel. At this time, there are no data sug-
gesting that other chemotherapy regimens will improve the overall survival rate or 
quality of life after cabazitaxel [1, 15].

 Metastatic Neuroendocrine Carcinoma

For patients with visceral metastases, clinicians should consider biopsy to the 
area. If the biopsy result shows adenocarcinoma, treatment decision is made as 
those without visceral metastases. In a rare case, it may present with a small-cell 
feature (neuroendocrine carcinoma). Neuroendocrine prostate cancer (NEPC) is 
one of the rarest and most aggressive malignancies of the prostate cancer. This 
occurs more frequently with patients who have disease progression while on abi-
raterone, enzalutamide, or perhaps docetaxel or cabazitaxel. NEPC is an area 
where clinicians have minimal understanding due to lack of research. This is 
defined in various ways. “In normal cells, the neuroendocrine phenotype may play 
a role in regulating growth and differentiation of epithelia. However, the neuroen-
docrine phenotype in prostate cancer presented as a more aggressive pathological 
feature, indicating poor clinical outcomes relative to primary neuroendocrine can-
cer from other organ systems” [16]. Some scientists think that these tumors might 
relate to manipulation of RB1, TP53, and PTEN protein [17]. These patients pres-
ent with features including (i) unresponsiveness to hormonal therapy, (ii) rapid 
progression, (iii) increased risk of lytic bone lesions, (iv) presence of visceral 
metastases, (v) a markedly enlarged prostate, and (vi) low PSA relative to disease 
burden. Treatment options are similar to small-cell lung cancer. Patients with 
NEPC are mostly responsive to chemotherapy (i.e., platinum- based therapy [18]) 
and radiation therapy. However, due to the rareness, aggressiveness, and short-
term overall survival for this population, clinical trials supporting evidence are 
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lacking in proving the effectiveness of these treatments [1, 16, 19, 20]. Examples 
of NCCN-recommended chemotherapy regimens for NEPC are listed in Table 9.3.

 Chemotherapy

 Docetaxel

Docetaxel is the first-line chemotherapy that is used for treatment with mHSPC and 
mCRPC. This is a taxane derivative. Mechanism of action: Taxanes are an antineo-
plastic agent, which also considered as a microtubule inhibitor. Cancer cells grow 
by mitosis. Taxanes interrupt the microtubular network in cells that is essential for 
mitotic and interphase cellular functions. It binds to free tubulin and promotes its 
assembly into microtubules while simultaneously inhibiting disassembly. This leads 
to the stabilization of microtubules, which results in the inhibition of mitosis [21, 
22]. Dosage and administration: This is to be given 75 mg/m2 every 3 weeks IV in 
combination with concurrent steroid premedication. Intravenous (IV) infusion is 
given over 1 hour, via peripheral IV or Infusaport. Docetaxel is an irritant with the 
vesicant-like feature; therefore, extravasation should be avoided during administra-
tion. The duration of chemotherapy should be determined by the patient’s overall 
benefit and toxicities [1]. Given the survival benefit, patients can receive up to 10 
cycles of treatment if no progression and no severe toxicities noted during chemo-
therapy. Retreatment of docetaxel can also be considered in men who have not dem-
onstrated definitive evidence of progression on prior docetaxel-based therapy [1, 
21]. Side effects are listed in Table 9.4.

Table 9.3 NCCN- recommended 
chemotherapy regimen commonly 
used for patients with NEPC [1]

Chemotherapy for neuroendocrine prostate cancer 
(NEPC) [1]

Carboplatin + cisplatin
Cisplatin + etoposide
Docetaxel + carboplatin

Table 9.4 Common side effects of docetaxel [21]

CNS Peripheral neuropathy, fatigue, fever
Cardiac Edema
Respiratory Pulmonary disorder
Endocrine and metabolism Fluid retention
Gastrointestinal Stomatitis, diarrhea, nausea, vomiting, increased serum 

transaminases
Genitourinary –
Hematology Neutropenia, leukopenia, anemia, thrombocytopenia, febrile 

neutropenia
Musculoskeletal Asthenia, myalgia, neuromuscular reaction
Dermatological Alopecia, rash, nail changes
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 Cabazitaxel

Cabazitaxel is a second-generation taxane derivative. It is used as second-line che-
motherapy for mCRPC patient who has progression of disease during or after 
docetaxel-based therapy. Mechanism of action is the same as docetaxel. Dosage and 
administration: This is to be given 25 mg/m2 or 20 mg/m2 every 3 weeks IV in com-
bination with prednisone. Administration instruction is the same as docetaxel. 
Premedications are recommended at least 30 minutes prior to administrating caba-
zitaxel. Those included antihistamine (dexchlorpheniramine 5 mg or diphenhydr-
amine 25 mg, or equivalent antihistamine), corticosteroid (dexamethasone 8 mg, or 
equivalent), and H2 antagonist (ranitidine 50 mg, or equivalent) [23]. Side effects 
are listed in Table 9.5.

 Mitoxantrone

Mitoxantrone is the very first chemotherapy that is being used to treat mCRPC 
patients. This is an antineoplastic agent, also known as anthracenedione. Mechanism 
of action: Anthracenedione intercalates into DNA, causing cross-links and strand 
breaks. This inhibits DNA and RNA synthesis and hence decreases the replication 
of cells. It is active throughout the entire cell cycle. Dosage and administration: 
Mitoxantrone is an IV-only infusion. Dosage is either (i) 12  mg/m2 once every 
3 weeks (in combination with prednisone or prednisolone) for up to 10 cycles or (ii) 
12–14 mg/m2 once every 3 weeks (in combination with prednisone) until disease 
progression or unacceptable toxicity, up to the maximum cumulative dose of 
144 mg/m2. Each dose of mitoxantrone should be infused over 5–15 minutes via a 
free-flow setting. This is an irritant with vesicant-like properties and extravasation 
should be avoided [24]. Side effects are listed in Table  9.6. Since TAX327 [9], 
TROPIC [11], and PROSELICA [12] studies all show the benefits of taxanes over 
mitoxantrone, this drug is being used as a palliative approach and used in only in 

Table 9.5 Common side effects of cabazitaxel [23]

CNS Fatigue, peripheral neuropathy, fever
Cardiac –
Respiratory –
Endocrine and 
metabolism

–

Gastrointestinal Diarrhea, nausea, vomiting, constipation, decreased appetite, 
abdominal pain, anorexia, dysgeusia

Genitourinary Hematuria, urinary tract infection
Hematology Anemia, leukopenia, neutropenia, thrombocytopenia
Musculoskeletal Dyspnea, cough
Dermatological –
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rare occasions at this time. Thus, the remainder of the discussion will focus how to 
manage the toxicities of the more commonly used taxanes. Cytotoxic chemotherapy 
options and dosage for mCNPC or mCRPC patients are listed in Table 9.7.

 Management of Side Effects for Taxanes Derivatives

Both docetaxel and cabazitaxel share a very similar side effect profile, which 
included by not limited to fatigue, nausea, vomiting, taste change, mouth sores, nail 
changes, liver toxicity, alopecia, renal toxicity, neutropenia, anemia, thrombocyto-
penia, and fluid retention/edema [21, 23]. Side effects vary from patient to patient. 
It is a very personal experience for each patient.

Close monitoring of the laboratory values and side effects of chemotherapy dur-
ing treatment is crucial to help prevent toxicities. Laboratory values that help man-
age toxicities prior to each cycle of treatment include the absolute neutrophil count 
(ANC), hemoglobin (hgb), platelet, renal function, and liver function. Dose reduc-
tion and/or delays in treatment should be considered if the patient has pronounced 
toxicities during the administration of chemotherapy. Utilization of Common 
Terminology Criteria for Adverse Event (CTCAE) from the National Cancer 

Table 9.6 Common side effects of mitoxantrone [24]

CNS Pain, fatigue, headache, fever
Cardiac Edema, cardiac diseases/arrhythmia, ECG changes
Respiratory Upper respiratory tract infection, pharyngitis, dyspnea, cough
Endocrine and 
metabolism

Hyperglycemia, weight gain/loss, increased gamma-glutamyl transferase

Gastrointestinal Nausea, vomiting, mucositis, stomatitis, anorexia, constipation, GI bleed, 
abdominal pain, dyspepsia, increased serum alkaline phosphatase/
transaminases

Genitourinary Urinary tract infection, hematuria, urine abnormality, increased BUN/
creatinine

Hematology Neutropenia, leukopenia, lymphocytopenia, anemia, thrombocytopenia, 
febrile neutropenia, petechia

Musculoskeletal Weakness
Dermatological Alopecia, nail bed changes

Table 9.7 Cytotoxic chemotherapy options and dosage for mCNPC or mCRPC patients [1, 
21, 23, 24]

Chemotherapy Docetaxel [21] Cabazitaxel [23] Mitoxantrone [24]

Indication mCNPC or mCRPC mCRPC with progression 
after docetaxel

mCRPC

Dose 75 mg/m2 every 
3 weeks with 
concurrent steroid

25 or 20 mg/m2 every 
3 weeks with concurrent 
steroid

12–14 mg/m2 every 
3 weeks with concurrent 
steroid
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Institute (NCI) is very helpful in grading toxicity and monitoring symptoms [25]. 
Examples of CTCAE grading related to common side effects of taxane derivatives 
are illustrated in Table 9.8.

Neutropenia If ANC < 1500 cells/mm3, consider holding treatment for 1 week for 
the blood counts to recover. Granulocyte-colony stimulating factor (G-CSF) (i.e., 
filgrastim or pegfilgrastim) and granulocyte-macrophage colony-stimulating factor 

Table 9.8 Examples of CTCAE grading related to common side effects of taxane derivatives [25]

Examples of common terminology criteria for adverse event (CTCAE) [25]
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Anemia Hgb < LLN – 
10.0 g/dL

Hgb < 10.0 – 
8.0 g/dL

Hgb < 8.0 g/dL Life- 
threatening 
consequences; 
urgent 
intervention 
indicate

Death

Diarrhea Increase of <4 
stools per day 
over baseline; 
mild increase in 
ostomy output 
compared to 
baseline

Increase of 4–6 
stools per day 
over baseline; 
moderate 
increase in 
ostomy output 
compared to 
baseline; 
limiting 
instrumental 
ADL

Increase of ≥7 
stools per day 
over baseline; 
hospitalization 
indicated; severe 
increase in 
ostomy output 
compared to 
baseline; limiting 
self-care ADL

Life- 
threatening 
consequences; 
urgent 
intervention 
indicate

Death

Fatigue Fatigue relieved 
by rest

Fatigue not 
relieved by rest; 
limiting 
instrumental 
ADL

Fatigue not 
relieved by rest; 
limiting self-care 
ADL

– –

Febrile 
neutropenia

ANC <1000/mm3 
with a single temp 
of >38.3 °C 
(101 °F) or a 
sustained 
temperature of 
≥38 °C (100.4 °F) 
for more than 
1 hour

Life- 
threatening 
consequences; 
urgent 
intervention 
indicate

Death

Nail 
changes

Present – – – –

Nausea Loss of appetite 
without 
alteration in 
eating habits

Oral intake 
decreased 
without 
significant 
weight loss, 
dehydration, or 
malnutrition

Inadequate oral 
caloric or fluid 
intake; tube 
feeding, TPN, or 
hospitalization 
indicated

– –
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(GM-CSF) (i.e., sargramostim) can be given after each cycle of chemotherapy as 
secondary prophylaxis. These drugs stimulate the production, maturation, and acti-
vation of neutrophils to prevent neutropenia, neutropenic fever, and infection related 
to neutropenia. Pegfilgrastim has a prolonged duration of effect compared to filgras-
tim and reduced renal clearance. Sargramostim is limited to use following induction 
therapy for some hematological malignancy settings. If a patient presented with 
fever (≥38.3  °C or 101  °F) and/or neutropenia (ANC  <  1000/mm3), a complete 
workup including history and physical (H&P), epidemiologically relevant expo-
sures, laboratory/radiology assessment (complete blood count with differentials, 
comprehensive metabolic panel, electrolytes, urine analysis, and chest X-ray), and 
microbiologic elevation (blood cultures, urine culture, site-specific culture, and 
viral diagnostics) is required. An empiric broad-spectrum antibiotic should also be 
utilized. Typical IV mono-antibiotic therapies are cefepime, imipenem/cilastatin, 
meropenem, piperacillin/tazobactam, or ceftazidime. IV combination therapy 
should also be considered if the patient has a known history or is suspicious for 
antimicrobial resistance [21, 23, 26–28].

Hepatic Toxicity Taxanes are metabolized through the liver; therefore, an abnormal 
liver function test is common, which needs to be closely monitored. The US box warn-
ing of docetaxel suggests: “Should not be given if bilirubin > ULN, or if AST and/or 
ALT > 1.5 × ULN concomitant with alkaline phosphatase (ALK) > 2.5 × ULN. LFT 
elevations increase risks of severe or life-threatening complications. Obtain LFTs 
before each treatment cycle.” Also note that it is very common for patients with prostate 
cancer to have an isolated elevation of ALK that is related to bone disease, not the liver. 
In this case, docetaxel is safe to administer [21, 23].

Fluid Retention One of the more common side effects of docetaxel is fluid reten-
tion. Premedication of oral corticosteroids is recommended to all patients prior to 
each chemotherapy administration to reduce the incidence and severity of fluid 

Table 9.8 (continued)

Examples of common terminology criteria for adverse event (CTCAE) [25]
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Oral 
mucositis

Asymptomatic 
or mild 
symptoms; 
intervention not 
indicated

Moderate pain 
or ulcer that 
does not 
interfere with 
oral intake; 
modified diet 
indicated

Severe pain; 
interfering with 
oral intake

Life- 
threatening 
consequences; 
urgent 
intervention 
indicate

Death

Peripheral 
sensory 
neuropathy

Asymptomatic Moderate 
symptoms; 
limiting 
instrumental 
ADL

Severe symptoms; 
limiting self-care 
ADL

Life- 
threatening 
consequences, 
urgent 
intervention 
indicate

–
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retention and allergic reactions. Severe fluid retention (poorly tolerated peripheral 
edema, generalized edema, pleural effusion requiring urgent drainage, dyspnea at 
rest, cardiac tamponade, or pronounced abdominal distention) occurred in 6.5% of 
patients despite the use of a 3-day dexamethasone premedication regimen. The use 
of diuretics can be used to eliminate extra fluid retention along with holding further 
taxane therapy if severe. Patient should also be encouraged to utilize compression 
stockings and elevate lower extremities when able to reduce lower extremities 
edema [21, 23, 28].

Anemia Marrow suppression is common with taxane-based chemotherapy includ-
ing the development of anemia. Blood transfusions are considered for the treatment 
of symptomatic anemia (tachycardia, tachypnea, postural hypotension, shortness of 
breath, increased fatigue, and skin paleness). Chemotherapy can still be given while 
the patient is anemic based on provider decision and patient presentation. 
Erythropoietin therapy, such as epoetin alfa and darbepoetin alfa, can also be con-
sidered during active chemotherapy. Anemia workup should also be performed to 
rule out underlying causes, such as iron deficiency anemia or vitamin B12 defi-
ciency [21, 23, 28, 29].

Nausea and Vomiting Nausea and/or vomiting are common but manageable with 
taxanes. Both docetaxel and cabazitaxel are considered low-emetic-risk chemother-
apy. Premedication of dexamethasone 8–12 mg PO/IV, metoclopramide 10–20 mg 
PO/IV, prochlorperazine 10 mg PO/IV, or ondansetron 8–16 mg PO can be used 
30 minutes prior of chemotherapy administration and repeat daily as needed. In a 
case where severe nausea and vomiting are uncontrolled by the above recommenda-
tion, lorazepam 0.5–2 mg PO/SL/IV can also be used. Clinicians may also consider 
IV hydration for patients with frequent episodes of nausea and vomiting and 
decreased oral intake [21, 23, 28, 30].

Diarrhea Diarrhea can occur up to 47% of patients who are receiving taxanes. 
Closely monitor signs and symptoms of dehydration and electrolyte imbalance. 
Antidiarrheal medication (i.e., loperamide) and fluid and electrolyte replacement 
may be necessary. If diarrhea is greater than or equal to seven stools per day over 
baseline, hospitalization is indicated, or if there is severe increase in ostomy output 
compared to baseline, limiting self-care ADL (CTCEA grade 3 or higher), treatment 
delay, and dose reduction are required [21, 23, 28].

Oral Stomatitis/Taste Change Oral ulceration can present with patients on active 
treatment of taxanes. Patients are often recommended prophylactic oral care during 
chemotherapy, which included dental check-up prior to chemotherapy initiation, 
self-monitor, and oral care daily. Patients can rinse mouth throughout the day with 
a mixture of warm water, baking soda, and salt (one-half teaspoon of salt and one 
teaspoon of baking soda in a quart of water). Topical and systemic analgesia can 
also be used with some pain relief; “magic mouthwash” is commonly used and 
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prescribed. Magic mouthwash usually contains at least three of the following medi-
cation: antibiotic, antihistamine or local anesthetic, antifungal, corticosteroid, and 
antacid. Taste change may also occur for some patients. Most of them described as 
“metallic taste” and have no appetite due to taste change. This is reversible once 
treatment is completed. Patients are often reminded to maintain proper nutrition and 
hydration when having oral stomatitis and taste change. Nutritional supplement 
drinks are often helpful [21, 23, 28].

Fatigue Patients often experience fatigue during chemotherapy. Encourage patients 
to maintain their daily routine as much as possible with a well-balanced diet. Short 
naps of less than 1 hour during the days should be considered. Taking short walks 
and getting light exercise may increase the patients’ energy level [21, 23, 28, 31].

Peripheral Sensory Neuropathy Patients will often describe numbness, tingling, 
or pins and needles feelings of the hands and feet. Patients should be educated to 
report signs and symptoms of peripheral neuropathy, which included but not limited 
to, change in sensation with cold or hot, inability to feel pain on palms or planters, 
unable to button shirts or pants, or unable to pick up small objects like coins. 
Treatment delay or dose reduction should be considered if grade 2 or higher neu-
ropathy is reported. Also, note that neuropathy is a delayed effect, so stopping che-
motherapy earlier is the key [21, 23, 28].

Nail Changes The color of fingernails and/or toenails may change while receiving 
docetaxel. In rare cases, nails may fall off. Educate patients that nails will generally 
grow back after completion of treatment. Nails should be kept clean and cut short. 
Gloves should be worn while performing household duties (i.e., dishwashing, clean-
ing) [21, 23, 28].

Thrombocytopenia If platelet <100, clinicians should consider holding treatment 
for at least 1 week. Platelet usually recovers without additional intervention. Educate 
patients to implement bleeding precautions at home by brushing teeth with a soft 
bristle brush, wearing proper footwear both inside and outside, avoid sharp objects, 
and report any unexpected bleeding or brushing. They should also avoid over-the- 
counter aspirin or ibuprofen. In rare case, platelet transfusion can be given platelet 
<15 or <50 with active bleeding [21, 23, 28].

Alopecia Hair loss can occur during active treatment. Educate patients that alope-
cia will be reversed once treatment is completed. A wig can be used during the time 
of transition [21, 23, 28].

Allergic Reactions Severe allergic reaction is common if patients do not have ade-
quate steroid prophylaxis. These symptoms include but not limited to generalized 
rash, erythema, hypotension, bronchospasm, or anaphylaxis. Follow individual 
institutional protocol for emergency allergic reaction management [21, 23, 28].
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 Conclusion

Chemotherapy treatment options for prostate cancer are very limited. Taxane deriv-
atives (i.e., docetaxel and cabazitaxel) are a class of chemotherapy that is commonly 
used to treat mHSPC with high-risk feature, and mCRPC with or without visceral 
metastases. For mHSPC patients, first-line treatment is docetaxel and ADT upfront. 
For mCRPC patient, the first-line treatment options include oral therapy (i.e., abi-
raterone with prednisone, or enzalutamide) or chemotherapy (i.e., docetaxel). 
Decision of chemotherapy over oral therapy is based upon patient’s symptoms and 
performance status. The second-line treatment option is cabazitaxel. Other chemo-
therapies such as cisplatin, carboplatin, and etoposide may also be considered when 
a patient presents with NEPC. NEPC is one of the rarest and most aggressive malig-
nancies of the prostate cancer. This occurs more frequently with patients who have 
disease progression while on abiraterone, enzalutamide, or perhaps docetaxel or 
cabazitaxel. Lab results and side effects should be closely monitored and assessed 
prior to each chemotehrapy administration. If toxicities present during treatment, 
treatment delay and/or dose reduction may require. Due to the limitation of chemo-
therapy options for PC patients, ongoing clinical trials are needed to investigate and 
develop more treatment options for patients with PC.

Clinical Pearls
• Clinicians will consider using chemotherapy when the patient has (i) meta-

static hormone-sensitive prostate cancer (mHSPC) with high-risk feature; 
or (ii) metastatic castration-resistant prostate cancer (mCRPC), with or 
without visceral metastases.

• The most common use of cytotoxic chemotherapy is a taxane derivative.
• Both CHAARTED and STAMPEDE studies improved overall survival in 

men with mHSPC using docetaxel with ADT upfront compared to 
ADT alone.

• In mCRPC, mitoxantrone provides a palliative benefit alone.
• Single-agent docetaxel remains a standard of care for mCRPC patients.
• Patients who previously received docetaxel in castration-naive setting may 

also have benefits from receiving docetaxel again.
• If progression of disease occurs after docetaxel in the castration-resistant 

setting, cabazitaxel will be a second-line treatment option of chemotherapy.
• Patients with neuroendocrine prostate cancer are mostly responsive to che-

motherapy (i.e., platinum-based therapy) and radiation therapy.
• Taxanes (docetaxel and cabazitaxel) are microtubule inhibitors.
• Side effects of taxanes include fatigue, nausea, vomiting, taste change, 

mouth sores, nail changes, liver toxicity, alopecia, renal toxicity, neutrope-
nia, anemia, thrombocytopenia, fluid retention/ edema.
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Chapter 10
Radiopharmaceuticals for Prostate Cancer

Ann E. Donnelly and Mark D. Hurwitz

 General Considerations for Radiopharmaceuticals

Only physicians and facilities with experience and licensing to handle and use 
these medications should administer radiopharmaceuticals. The American College 
of Radiology has a practice standard for the administration of radiopharmaceuti-
cals, but state and local regulations must be followed as well. Candidates for inter-
vention with radiopharmaceuticals should be assessed directly by the physician 
who will be overseeing treatment. Informed consent should be obtained before 
patients undergo treatment with radiopharmaceuticals. Physicians should have 
detailed discussions with patients about the possible side effects, logistics, and 
alternative treatments.

 Strontium-89

Strontium-89 is a beta-emitting radioactive isotope with a half-life of 50.5 days. It 
was the first radiopharmaceutical approved by the FDA for the treatment of pain 
related to known bony metastatic disease [5].
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 Mechanism of Action

Strontium-89 acts in a way similar to calcium in the body and is deposited in bone 
with increased uptake in blastic lesions [5]. Strontium-89 then delivers radiation to 
the tissue by emitting beta particles. The beta particles have a maximum range of 
emission of 8 mm with a maximum energy of 1.463 MeV, so the effect on normal 
tissue is minimized [5].

 Pharmacokinetics

After administration, strontium-89 is cleared from the bloodstream quickly and 
taken up by primarily bone tissue [5]. Since strontium-89 acts like calcium in the 
body, it is taken up in much higher amounts in blastic metastatic bone lesions where 
the rate of osteogenesis is higher [5]. Strontium-89 has a half-life of 50.5  days; 
therefore, there is more exposure of both diseased and normal bone to radiation over 
time compared to other isotopes [5]. Strontium-89 remains in metastatic lesions for 
longer time periods than normal bone and over half of the injected doses is depos-
ited in the bones after treatment [5]. Excretion is two-thirds renal and one-third 
fecal, and the urinary excretion is highest in the first 2 days after treatment [5].

 Dosage and Administration

Strontium-89 is given over IV push infusion over 1–2 minutes at a dose of 148 MBq, 
4 mCi, or 1.5–2.2 MBq/kg, 40–60 μCi/kg body weight [5]. Repeat infusion can be 
considered but should only be done depending on how the patient tolerates the first 
infusion [5]. Infusions should not be given less than 90 days apart. Though there is 
no clear recommended alternative dosing for patients with renal insufficiency, cau-
tion should be taken in patients with decreased renal function given the high per-
centage of renal excretion [9].

 Adverse Reactions and Warnings

White blood cells and platelets are most often affected by strontium-89, and bone 
marrow effects are often seen. The prolonged half-life relative to radium-223 or 
samarium-153 has been associated with an extended delay in count recovery and, in 
some patients, a lack of full recovery. A complete blood count should be checked 
prior to administration and then should be checked every 2 weeks after injection [5]. 
Per the manufacturer’s prescribing guidelines, caution should be used in patients 
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with a platelet count below 60,000 and a white blood cell count below 2400 [5]. 
However, more conservative baseline parameters such as platelet counts of at least 
100,000 and WBC counts of at least 3000 at baseline should be considered. Many 
patients experience a 30% or greater decrease in platelet levels with strontium-89 
[5]. Generally, the blood count nadir was found to be 12–16 weeks after infusion, 
and it may take up to 6 months for blood cell counts to recover after treatment [9]. 
Some patients have noticed an increase in bone pain within 36–72 hours after infu-
sion, which usually resolves with analgesics [5]. Flushing has been seen in patients 
when there is a rapid administration of the drug [9]. Other reported adverse reac-
tions that are less common include chills, fever, hot flashes, and septicemia [9]. 
Strontium-89, like all radiopharmaceuticals, may cause fetal harm and should not 
be given to pregnant women [5]. Patients should be advised to avoid pregnancy. 
There are no known contraindications, but caution should be used in any patients 
with underlying bone marrow suppression [5]. There are no known significant drug 
interactions.

 Safety Precautions and Patient Education

Strontium-89 should only be given in facilities and by physicians who are trained in 
using radiopharmaceuticals. The strontium-89 should be stored in its original lead 
container or have adequate radiation shielding during handling [9]. Given the renal 
excretion, patients who are incontinent of urine should be catheterized to avoid 
contamination and exposures [5]. Patients should be instructed to flush the toilet 
multiple times after use and practice good hand washing. Typical onset of pain relief 
is 7–20 days after infusion [5].

 Background and Clinical Considerations

Strontium-89 has been evaluated in several clinical trials. In a small placebo- 
controlled trial of patients with castrate-resistant metastatic prostate cancer with 
painful bone metastases, patients were randomly assigned to receive either 
strontium- 89 or placebo. After 5 weeks, patients were reassessed and a second 
injection could be given if the patient was still having pain. The patients’ pain 
was evaluated with a scoring system and categorized as deteriorated, no signifi-
cant change, some improvement, substantial improvement, or dramatic improve-
ment [2]. The final analysis showed that only patients in the strontium-89 arm 
had full pain relief, and strontium-89 significantly reduced pain scores in more 
patients than those treated with placebo (p < 0.01) [2]. Strontium-89 was also 
evaluated in a phase III, randomized, placebo-controlled clinical trial to associ-
ate its effect as an adjunct treatment in patients with metastatic prostate cancer 
treated with external beam radiation therapy. A total of 126 patients with 

10 Radiopharmaceuticals for Prostate Cancer



122

castrate-resistant prostate cancer were treated with local radiation therapy plus 
strontium-89 or placebo as a single injection and then followed with tumor 
markers and pain assessments [19]. Patients in the strontium- 89 arm had a 
greater decrease in the amount of pain medication they were taking, decreased 
new sites of pain (1.213 in the placebo arm vs 0.587 in the strontium- 89 arm, 
p < 0.002), and improved quality-of-life indicators in the strontium-89 arm with 
decreased pain and improved physical activity found to be statistically signifi-
cant (p < 0.05) [19].

Strontium-89 has been evaluated with chemotherapy in several trials, as well. 
In a small, randomized, phase II clinical trial, 103 patients with metastatic 
castrate- resistant prostate cancer and either increasing cancer-related symptoms 
or rising PSA were treated with induction chemotherapy with doxorubicin, keto-
conazole, vinblastine, and estramustine [11]. Patients with stable or improved 
disease after two to three cycles of chemotherapy were then randomized to 
receive 6 weeks of doxorubicin with or without one dose of strontium-89 [11]. 
One limitation of the study however was the use of doxorubicin, which is now 
recognized as having limited efficacy in the treatment of prostate cancer. Patients 
who received strontium-89 along with chemotherapy were found to have an 
increased overall survival, with a mean survival of 27.7  months compared to 
16.8 months in the chemotherapy alone arm [11]. The TRAPEZE trial involved 
757 patients with castrate-resistant metastatic prostate cancer, who were ran-
domized to receive treatment on one of four arms: docetaxel alone, docetaxel 
with zoledronic acid, docetaxel with strontium-89, or docetaxel with both zole-
dronic acid and strontium-89. Chemotherapy with strontium- 89 had a mild effect 
on the time to clinical disease progression with an increase of approximately 
1 month (HR, 0.85; 95% CI, 0.73–0.99; P = 0.03) but with no improvement in 
overall survival [20].

Strontium-89 can be a beneficial tool for the treatment of patients with pain-
ful bony metastatic disease. Patients should have imaging studies or biopsy con-
firming the presence of bone metastases before treatment. The high affinity for 
blastic metastatic bone lesions and low area of tissue penetration help to target 
areas of cancer while limiting the effect to healthy tissue. In addition, stron-
tium-89 may also be helpful in managing patients who have had persistent pain 
despite other therapies. Patients should be alerted to the possibility of pain flare 
36–72 hours after injection and a strategy to address pain flare, including adjust-
ment in pain medication dose, put in place prior. Because most patients do not 
see an onset of pain relief until 7–20 days after administration, it may not be the 
ideal treatment for patients with a very short life expectancy. In addition, the 
cost of producing strontium-89 has made it one of the more expensive radiophar-
maceuticals and may limit its overall use [15]. The prolonged half-life and asso-
ciated less favorable hemodynamic side effect profile of strontium-89 as 
compared with samarium-153 EDTMP has led to a wider utilization of samar-
ium-153 EDTMP in the management of diffuse, predominately osteoblastic 
metastatic bone pain.
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 Samarium-153

Samarium-153 EDTMP is a radioactive isotope that emits medium-energy beta par-
ticles. The half-life of samarium-153 at 1.93 days is considerably shorter than both 
radium-223 and strontium-89. Samarium-153 EDTMP is indicated for patients with 
pain from metastatic osteoblastic bone lesions confirmed on nuclear bone scan 
imaging [6].

 Mechanism of Action

Samarium-153 EDTMP is taken up by bone metastases, and local radiation is deliv-
ered to the lesions. Alone, the samarium-153 does not have a high affinity for bone 
uptake, but when chelated to form a complex with EDTMP (ethylenediamine tetra-
methylene phosphonic acid), it becomes more targeted to bone [16]. The exact 
method by which the drug decreases pain from bone metastases is not clear [6]. 
Samarium-153 EDTMP decays much faster than other radiopharmaceuticals, such as 
strontium-89, so the radiation dose is delivered quickly over a shorter period of time.

 Pharmacokinetics

Samarium-153 EDTMP is cleared rapidly from the blood stream after injection [16]. 
The samarium-153 EDTMP complex has an affinity for bone and is taken up by 
osteoblastic lesions approximately five times more than normal bone [6]. More of 
the drug is taken up by patients with a higher number of osteoblastic skeletal lesions, 
and there is an unknown benefit to patients with osteolytic lesions [6]. The drug that 
is not taken up by bone is cleared quickly and excreted through the urine [16]. 
Samarium-153 EDTMP is excreted in urine as an intact complex with 34.5% (±15%) 
excreted within the first 6 hours after administration and urinary excretion of radio-
active material takes place over approximately 12  hours after administration [6]. 
Beta particles of samarium-153 EDTMP travel a maximum of 3 mm in soft tissues 
and 1.7 mm in bone [6]. In clinical studies, the age of the patient, including advanced 
age, did not seem to affect the pharmacokinetics of samarium-153 EDTMP [6].

 Dosage and Administration

Dosage of samarium-153 EDTMP is 1 mCi/kg or 37 MBq/kg given by IV push over 
1  minute through a secure catheter. The IV should be flushed with saline after 
administration. The patient should be given 500 mL of oral or IV hydration prior to 
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IV push to promote excretion. Caution should be used in calculating doses for 
patients that are very thin or very obese [6].

 Adverse Effects and Precautions

Bone marrow suppression is a significant but generally predictable potential side 
effect for patients treated with samarium-153 EDTMP. In clinical trials, up to 95% 
of patients had a decrease in white blood cell counts and platelets counts of up to 
40–50% from the pretreatment levels, and nadir of the counts was found 3–5 weeks 
after administration [6]. Most patients had return of counts to baseline levels within 
8 weeks of treatment [6]. Patients should have weekly blood work to assess for bone 
marrow function for at least 8 weeks after treatment. In clinical trials, there were 
deaths in patients with disseminated intravascular coagulation (DIC) when receiv-
ing beta-emitting particles, so patients should be monitored closely. Caution should 
be taken in any patients with evidence of bone marrow insufficiency prior to treat-
ment. Patients should generally not receive concurrent chemotherapy or external 
beam radiation therapy while undergoing treatment with samarium-153 EDTMP 
due to the risk for significant myelosuppression unless the benefit outweighs the 
risk [6].

Hypocalcemia has been reported in patients undergoing treatment [7]. Other less 
common side effects include arrhythmias, hypertension, stroke, dizziness, ecchy-
mosis, diarrhea, bone pain, spinal cord compression, hematuria, bronchitis, and epi-
staxis [7]. Samaraium-153 EDTMP can cause fetal harm, so women of childbearing 
age should have a negative pregnancy test prior to administration [6]. Patients 
should be advised to avoid pregnancy and use effective contraception after treat-
ment. Samarium-153 EDTMP is contraindicated in any patients with a known 
hypersensitivity to the compound [6].

Increased hydration is recommended to promote urinary excretion of the com-
pound, so caution should be used in patients with a history of congestive heart fail-
ure and renal insufficiency. There are no clear guidelines regarding dose adjustments 
for renal function, as adequate studies have not been performed [6]. Precautions 
should be taken to avoid contact with the urine of patients treated with samardium-
 153 EDTMP, as urinary excretion of radioactive material takes place over approxi-
mately 12  hours after administration. Patients should be encouraged to void 
frequently after treatment to decrease bladder exposure [6].

 Patient Education

Patients should be instructed to take precautions to avoid exposure to radioactivity 
in their urine for 12 hours after administration [6]. Toilets should be flushed several 
times after use. Any soiled linens should be cleaned separately. Alternatively, linens 
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can be stored for 1–2 weeks to allow for decay of the radioactivity [7]. Patients can 
use analgesics for any temporary bone pain that can be seen after treatment. The 
onset of pain relief is usually in 1  week with a full effect of pain relief within 
3–4 weeks [6].

 Background and Clinical Considerations

The efficacy of samarium-153 EDTMP was evaluated in several clinical trials. In 
a randomized, double-blind study of 118 patients with bone metastases causing 
pain, patients received 0.5 or 1.0 mCi/kg versus placebo. The study found that 
62–72% of patients who received 1.0 mCi/kg had some pain relief within the first 
4 weeks after injections, while 31% reported “marked” or “complete” pain relief 
on patient- reported scores at 4 weeks after treatment [17]. Approximately 43% of 
patients who received the 1.0  mCi/kg dose also reported pain improvement 
16 weeks after completion of treatment [17]. There were no grade 4 bone marrow 
adverse effects reported [17]. In another study, 152 men with metastatic castrate-
resistant prostate cancer with bone metastases causing pain were enrolled in a 
randomized, double- blind clinical trial where patients were given either radioac-
tive or nonradioactive samarium-153 complexes. Patients reported less pain with 
the radioactive samarium- 153 compared with placebo within 1–2  weeks after 
administration [18]. Bone marrow suppression was also seen, but no grade 4 
myelosuppression was noted [18].

Samarium-153 EDTMP has a shorter half-life than some other radiopharma-
ceuticals. For the majority of the radiation dose to be administered, it takes 
approximately 1  week for samarium-153, versus approximately 25  weeks for 
strontium-89 [16]. Repeat doses of samarium-153 EDTMP have been used in 
some patients who have had good pain control with recurrent symptoms after 
treatment and who have adequate bone marrow function [16]. Overall, samar-
ium-153 EDTMP can be an effective tool in the treatment of pain from metastatic 
bone disease when patients are selected appropriately and monitored closely after 
treatment.

 Radium-223

Radium-223 is predominantly an alpha-emitting particle with a half-life of 11.4 days 
[14]. The energy emitted from radium-223 is 95.3% alpha particles, 3.6% beta par-
ticles, and 1.1% emitted as gamma-radiation [4]. Radium-223 is indicated for the 
treatment of bone metastases causing symptoms in castrate-resistant patients with 
no known visceral disease [4]. A key distinction of radium-223 is a defined survival 
advantage in the treatment of castrate-resistant prostate cancer.
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 Mechanism of Action

The alpha-particle-emitting isotope radium-223 mimics calcium in the body, form-
ing complexes with areas of new bone growth [10]. Alpha-emitting particles cause 
high linear energy transfer that causes breaks in double-stranded DNA to cause cell 
destruction; however, the range from radium-223 is less than 100 μm, so there is 
limited effect to surrounding healthy tissue [4].

 Pharmacokinetics

Radium-223 is quickly distributed from the blood to bone or excreted into the intes-
tines. After 15 minutes, only 20% of the drug remains in blood circulation decreas-
ing to only 4% at 4 hours [4]. In clinical trials, there was no significant uptake in 
organs such as the heart, liver, kidneys, urinary bladder, and spleen 4 hours after 
administration [4]. The highest doses absorbed by body organs include bone by 
osteogenic cells, red bone marrow, and the upper and lower large intestinal wall [4]. 
Radium-223 decays rather than undergoes metabolism through the body [4]. 
Approximately 63% of the radium-223 was excreted from the body within 7 days of 
infusion, which is mainly by fecal and urinary excretion [4]. Therefore, patients 
with slower gastrointestinal motility rates will experience higher radiation exposure 
to the intestines, but it is unclear if this causes an increase in gastrointestinal toxici-
ties [4].

 Dosing and Administration

The dose of radium-223 is calculated based on the patient’s body weight, dosage 
level, radioactivity concentration of the product, and decay correction factor to 
correct for physical decay of radium-223 [4]. The dose is 50 kBq/kg (1.35 μCi/
kg). Administration of radium-223 is by IV push over 1 minute. The IV should be 
flushed with normal saline before and after injection. No dose adjustments are 
recommended for patients with moderate to severe liver dysfunction due to lack 
of clinical trial data but radium-223 is not metabolized in the liver or cleared 
through the bile, so hepatic impairment is unlikely to affect the body’s ability to 
manage the drug [4]. There are also no dose adjustments recommended based on 
mild (creatinine clearance 60–89  mL/min) or moderate (creatinine clearance 
30–59 mL/min) renal impairment [4]. There is insufficient data to recommend any 
dose adjustments for severe renal impairment (creatinine clearance less than 
30 mL/min) [4].
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 Adverse Reactions and Warnings

The most common side effects from radium-223, greater than 10%, include tempo-
rary bone marrow suppression, gastrointestinal side effects, and peripheral edema 
[4]. Less common side effects include renal insufficiency/failure, dehydration, 
injection site reactions, and rarely secondary malignant neoplasms [4]. Dehydration 
may be related to the gastrointestinal side effects from therapy. There was an 
increase in osteosarcomas in animal studies [4]. Radium-223 contributes to a 
patient’s overall lifetime radiation dose, so this should also be taken into account 
when considering treatment.

In a clinical trial, 2% of patients experienced significant bone marrow suppres-
sion or ongoing pancytopenia compared to patients treated with placebo [4]. Patients 
to be treated with radium-223 should have an evaluation of blood counts prior to 
initiation of treatment and prior to each dose. Patients should have an absolute neu-
trophil count (ANC) greater or equal to 1.5 × 109/L, platelet count greater than or 
equal to 100 × 109/L, and hemoglobin greater than or equal to 10 g/dL [4] to begin 
treatment with radium-223. A complete blood count should be drawn prior to each 
dose of radium-223 and ANC should be greater than or equal to 1 × 109/L and plate-
let count greater than or equal to 50 × 109/L to continue treatment [4]. Treatment 
should be held if laboratory values are not adequate. If levels do not recover within 
6–8  weeks, treatment with radium-223 should be terminated [4]. Chemotherapy 
should not be given concurrently outside of clinical trial [4, 8]. No comprehensive 
drug interaction studies have been done, but there have not been any clear interac-
tions between radium-223 and bisphosphonates or calcium channel blockers in 
clinical trials [4].

 Safety Precautions and Patient Education

Precautions should be taken after administration of radium-223, and teaching should 
be done with patients and their families. Patients and family members should be 
advised to take precautions to avoid exposures for approximately 1–2 weeks after 
radium-223 injection. Patients should be instructed to remain well hydrated. 
Following micturition, patients should be instructed to flush toilets twice after each 
use and sit on the toilet for urination to avoid splashing of urine. Caregivers should 
wear gloves when handling bodily fluids, such as urine, feces, and emesis. Any 
clothing with bodily fluids should be washed immediately and separately. Patient 
should be instructed on good handwashing after urination. Radiation exposure is 
expected to be low given the low treatment activity range of radium-223, but pre-
cautions should be taken to minimize exposure in patient care. Men should be 
instructed to use condoms for sexual intercourse and female partners of childbear-
ing age should use an effective contraceptive during radium-223 treatment and for 
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at least 6 months after treatment to avoid pregnancy. While there are no clear data 
on the fertility effects of radium-223, it has the potential to inhibit fertility [4].

 Background and Clinical Considerations

The ALSYMPCA trial was a phase III, double-blind trial designed to assess the 
clinical benefit of radium-223 versus best supportive care. The trial enrolled 921 
patients with castrate-resistant metastatic prostate cancer with known bone metasta-
ses with or without prior docetaxel treatment and randomized them to either treat-
ment with radium-223 or placebo. The study was closed early, as interim analysis 
showed a significant improvement in overall survival for the radium-223 arm (over-
all survival 14.0 months vs. 11.2 months; hazard ratio, 0.70; 95% CI, 0.55–0.88; 
two-sided P = 0.002) [10]. Ultimately, the final analysis showed the median survival 
of patients receiving radium-223 was 3.6 months longer than those receiving pla-
cebo (14.9  months vs. 11.3  months; hazard ratio, 0.70; 95% CI, 0.58–0.83; 
P < 0.001) [10]. Patients treated with radium-223 also had a delay in symptomatic 
skeletal events, defined as symptomatic fractures, than patients treated with placebo 
[10]. There was no significant difference in adverse effects between the radium-223 
and placebo arms of the trial. A subgroup analysis was later done to evaluate patients 
who had received docetaxel chemotherapy prior to radium-223 treatment. The anal-
ysis found that patients had improved overall survival regardless of prior docetaxel 
use and patients who had received prior docetaxel tolerated radium-223 well [13].

The ALSYMPCA trial was structured such that patients received six injections, 
though the optimal number of effective and tolerated doses has been in question. In 
a small study of 44 retreated patients with castrate-resistant metastatic prostate can-
cer with bone metastases who had previously undergone treatment with radium-223 
without evidence of progression during treatment, the patients were given up to six 
additional infusions of radium-223 every 4 weeks. The retreated patients did not 
seem to have an increase in hematologic toxicities during therapy or for the 2 years 
of posttreatment follow-up [12]. Patients also had a low rate of radiographic pro-
gression [12]. Further studies are needed regarding retreatment or longer treatment 
durations with radium-223. Clinical trials are ongoing in diseases other than pros-
tate cancer to see if radium-223 will be a benefit in patients with other tumor types, 
who have osteoblastic metastatic bone disease.

Studies have also been ongoing regarding combining radium-223 with other 
agents, including abiraterone, enzalutamide, docetaxel, olaparib, and immunother-
apy [21, 22]. The ERA-223 trial was a large, double-blind, randomized, placebo- 
controlled phase III study in castrate-resistant metastatic prostate cancer patients 
with bone metastases, who were asymptomatic or mildly symptomatic and had not 
received prior chemotherapy that combined abiraterone and  prednisone/predniso-
lone with radium-223 versus placebo [21]. This study was unblinded early due to 
interim findings of increased fractures and death [21]. It was determined that 28.6% 
of patients developed fractures in the radium-223 arm versus 11.4% in the placebo 
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arm, and there was also an increase in the number of deaths on the radium-223 arm 
(38.5% versus 35.5%) [4]. These findings led to an updated warning in the package 
insert for radium-223, as well as warnings from the European Medicines Agency 
(EMA) and Health Canada [3, 4]. Therefore, concurrent use of abiraterone and 
prednisone with radium-223 is not currently recommended outside of a clinical trial.

Patients should have a baseline or updated nuclear medicine bone scan or sodium 
fluoride PET scan done prior to initiation of radium-223 to assess the state of the 
bony disease. Generally, patients with metastatic castrate-resistant prostate cancer, 
who have two or more bone metastases that are symptomatic, would be eligible for 
treatment with radium-223. Symptoms from bone disease could include pain or 
fracture. Patients with visceral disease, considered to be any evidence of cancer in 
the abdominal organs, lung, or brain, should not be considered for radium-223 ther-
apy. In addition to blood work and side effect assessment, pain should be assessed 
at the start of therapy and monthly through the duration of therapy to assess for 
changes.

 New Directions and Conclusions

As discussed above, there are ongoing clinical trials assessing the use of radiophar-
maceuticals in combination with other medications for metastatic prostate cancer, 
as well as investigations into radiopharmaceutical use in other cancers. There have 
also been new radiopharmaceuticals in development for the treatment of prostate 
cancer. Lutetium-177 PSMA radioligand is a medium-energy β-emitting radionu-
clide bound to a protein that binds with PSMA, which is a transmembrane glycopro-
tein highly expressed on prostate cancer cell membranes [22, 23]. PSMA has been 
found to be overexpressed in prostate cancer cells. Therefore, Lutetium-1777 PSMA 
radioligand targets both bone and soft tissue disease. It is also found in some other 
organ tissues, such as the small intestine and salivary glands, so there is the possibil-
ity of some radiation dose to these areas, as well [24]. The Lutetium-177 PSMA 
radioligand binds to PSMA on the cell surface and is taken into the cell where it 
emits radiation therapy causing DNA damage and cell death [23]. In early studies, 
Lutetium-177 PSMA has been found to decrease prostate-specific antigen levels, 
though measures such as overall survival have been limited to date due to the trials 
done [23]. The Lutetium-177 PSMA side effect profile so far has been favorable 
with some hematologic toxicities and mild nausea, fatigue, and xerostomia [23]. 
Thorium-227-labeled PSMA antibody is another alpha-emitting radionuclide that is 
beginning clinical trials and has shown promise in early preclinical studies [22].

Radiopharmaceuticals can play an important role in the treatment of bone metas-
tases. Radium-223 is a treatment with category 1 evidence to support improvement 
in pain relief from prostate cancer with bone metastases and overall survival in men 
with bone metastases without known visceral involvement. The short active range 
of the alpha particles in radium-223 gives a higher dose of radiation to a more local-
ized area than other radiopharmaceuticals, thereby decreasing the activity on 
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normal tissue and myelosuppression. Radium-223 should not be used with com-
bined chemotherapy or abiraterone and prednisone outside of clinical trials. 
Strontium-89 and samarium-153 have been shown to improve pain for bone metas-
tases for patients who are not good candidates for traditional radiation therapy but 
have not shown any survival benefit. Because of the longer half-life of strontium-89, 
higher rates of myelosuppression are often seen in comparison to samarium-153. 
Myelosuppression with some of these agents may be prolonged, therefore inhibiting 
the ability to use chemotherapy options in the future. However, radiopharmaceuti-
cals can be an effective means of treating pain related to bone metastases.

There are several considerations for the advanced practice provider (APP) related 
to radiopharmaceuticals in the treatment of bone metastases. While the APPs will 
not be involved in prescribing or administering these medications, often APPs are 
involved in the management of patients as they progress through treatment, as well 
as follow-up after treatment. Monitoring of labs prior to and after treatment is 
important in helping to identify patients who may not tolerate treatment or may be 
having adverse effects. APPs should be aware of the possible side effects of radio-
pharmaceuticals, as well as the precautions that patients should take immediately 
after administration. APPs can play an important role in patient education and rein-
forcement of teaching.

Pearls for the Advanced Practice Provider
• Only physicians and facilities with experience and licensing to handle and 

use these medications should administer radiopharmaceuticals.
• Strontium-89 and samarium-153 EDTMP have been shown to improve 

pain related to bone metastases in patients with metastatic cancer. 
Samarium- 153 is generally the preferred of these two agents given its 
shorter half-life with better hematologic toxicity profile.

• Radium-223 has been shown to improve overall survival in patients with 
metastatic castrate-resistant prostate cancer to bone.

• Radium-223 should not be used with abiraterone and prednisone outside of 
clinical trial due to the increased risk for bone fracture and death. Use with 
other new-generation anti-androgen agents should likewise be limited to 
clinical trials.

• Blood counts should be monitored closely in patients receiving radiophar-
maceuticals due to the risk for myelosuppression. The risk is highest with 
strontium-89.

• Advanced practice providers can play an important role in patient educa-
tion regarding radiation safety after administration, possible side effects, 
and expectations around symptom management for patients undergoing 
treatment.
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Chapter 11
Immunotherapy and Novel Agents 
on the Horizon for the Treatment 
of Prostate Cancer

Suzanne Barron and Mark J. Mann

 Therapeutic Vaccines

Sipuleucel-T (Provenge™) is an autologous cancer vaccine, approved by the FDA 
in April 2010 for patients with metastatic castrate-resistant prostate cancer 
(mCRPC). This is a patient-specific immunotherapy. It is designed to activate T 
cells in the body to attack prostate cancer cells. This process requires multiple steps 
which can take about 3 days. First, the patient’s serum is obtained in a process called 
leukapheresis where the blood is filtered through a machine to collect white blood 
cells. Next, the white blood cells are activated in a laboratory by exposing them to 
specific protein antigens to orient them to attack prostate cancer cells. Finally, the 
activated cells are then transfused back into the patient [1].

Currently, Sipuleucel-T (Provenge™) is indicated in patients with mCRPC with 
little or no symptoms of prostate cancer such as bone pain. They should not have 
any evidence of metastatic disease to the liver. They should be relatively healthy 
with a life expectancy of greater than 6 months and have a good performance level. 
Studies have shown that patients who received the drug early in the course of their 
disease had a better survival benefit than those who received it later in the course of 
their disease [3]. The IMPACT (Immunotherapy for Prostate Adenocarcinoma 
Treatment) Trial 2010 showed a greater overall survival benefit was noted if 
Sipuleucel-T (Provenge™) was given in patients with a lower baseline PSA. It also 
revealed a 4.1-month survival benefit and a 22.5% reduction in risk of death [1].

The administration of Sipuleucel-T (Provenge™) can be timely and costly. 
Sipuleucel-T (Provenge™) treatments are given every 2 weeks for a total of three infu-
sions. The cost is about $90,000 for three doses [12]. It is currently covered by Medicare 
for patients with asymptomatic or minimally symptomatic mCRPC. Vascular access is 
required prior to administration with either an 18-gauge peripheral intravenous 
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catheter or an alternative vascular access device such as an infusaport. Patients should 
be premedicated with acetaminophen and antihistamine 30 minutes prior to infusion. 
The drug is administered by intravenous infusion in about 250 mL of Lactated Ringer 
solution over 60 minutes. Once the PROVENGE™ infusion bag is removed from the 
insulated container, it should be given to the patient within 3 hours [4]. Most side 
effects occur during transfusion. Side effects include chills (53%), fatigue (41%), 
fevers (31%), back pain (34.3%), nausea (28.1%), and hypertension (7.4%) [2].

There are currently no markers to measure effectiveness of Sipuleucel-T 
(Provenge™). It does not affect or lower the PSA. Again, the benefit of Sipuleucel-T 
(Provenge™) is in patients early in the course of their disease with minimal symp-
toms [3].

Prostvac-VF is a vaccine that is currently undergoing clinical trials in men with 
asymptomatic mCRPC. Prostvac is a genetically engineered vaccine based upon the 
poxviral vaccine contained with a copy of the PSA (prostate-specific antigen) gene 
along with human T cell molecules. When administered, the vaccine stimulates an 
immune system response in which cells producing PSA are targeted. It has been 
well tolerated in clinical trials with the most common side effect being injection site 
irritation. Early clinical trials of Prostvac revealed an improvement in median sur-
vival rate but later studies not as promising. The future role of this vaccine may be 
as part of a more combined treatment approach [8].

 Immunomodulatory Drugs/Checkpoint Inhibitors

In mCRPC, the immune system has been disabled, thus not able to attack the invad-
ing cancer cells. Immune checkpoints are protein molecules made by the immune 
system that prevent destruction of cells which helps to control the immune response. 
Cancer cells are therefore saved and not attacked. Checkpoint inhibitors are targeted 
at blocking the immune system through immune checkpoint pathways such as 
CTLA-4 and PD-1 allowing T cells to kill cancer cells [10].

 Treatments that Target CTLA-4 (Cytotoxic 
T-Lymphocyte- Associated Protein 4) Receptor

CTLA-4 is a protein on some T cells that blocks the immune system from becoming 
overly aggressive.

Ipilimumab is a monoclonal antibody that targets CTLA-4. This medication was 
first used as a treatment for melanoma in 2011. Research studies have not been 
promising for prostate cancer, although there have been some rare reports of a few 
long-term responses [8].
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Tremelimumab is a human IgG2 monoclonal antibody that targets CTLA-4. 
Phase I dose-escalation trial in PSA-recurrent prostate cancer demonstrated a pro-
longation in PSA doubling time in three of 11 patients several months after treat-
ment with tremelimumab in combination with short-term androgen deprivation 
therapy [10].

 Treatments that Target PD-1 (Programmed T-Cell Death 1) 
or PD-L1

Medications in this category also target the immune response, but in a different 
pathway from CLA-4. PD-1 is a checkpoint protein on T cells. When attached to 
PD-L1, it prevents the immune system from attacking cancer cells. Certain cancer 
cells express a large amount of PD-L1, sparing them from being destroyed. PD-1 
inhibitors and PD-L1 inhibitors are monoclonal antibodies that prevent this binding, 
allowing the immune system to work at killing cancer cells [5].

Nivolumab is a monoclonal antibody that blocks PD-L1 from binding on PD-1 
(programmed T-cell death receptors) on activated T cells. This permits the 
immune system to attack cancer cells. Some responses were seen in other types 
of cancer, but no response was noted in prostate cancer. By combining treatments 
(nivolumab plus ipilimumab), there are small clinical trials that have found 
responses [8].

Pembrolizumab is an anti-PD-1 antibody. This immune checkpoint inhibitor has 
been used in combination therapy in early trials for mCRPC after progression of 
disease with enzalutamide alone. Results have shown some promise leading to the 
current KEYNOTE study ongoing at the time of this publication [8].

 Adverse Effects of Immune Checkpoint Inhibitors

Because these medications cause an increased immune response, they may lead to 
adverse autoimmune effects. Clinicians should monitor for diarrhea, colitis, rash, 
dermatitis, elevated liver function tests, adrenal insufficiency, hypophysitis, pancre-
atic dysfunction, thyroiditis, and pneumonitis. Severe adverse effects are treated by 
discontinuing the immune checkpoint inhibitor or by steroid induction. Steroid 
induction does not appear to affect the therapeutic effect of immune checkpoint 
inhibitors [6]. Because of the amount of side effects, it is important to determine 
which patients will respond to which type of treatment. Clinicians are now trying to 
check tumors for biomarkers such as PD-L1 markers. This will help to guide treat-
ment to patients that will have a greater response.
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 Ongoing Studies of Immune Checkpoint Inhibitors

There are multiple ongoing studies with these novel medications in combination 
with other treatments for prostate cancer. A phase II trial is under investigation com-
bining ipilimumab, degarelix, and radical prostatectomy in men with mCRPC com-
pared with ipilimumab and degarelix in men with biochemically recurrent 
hormone-sensitive prostate cancer after radical prostatectomy. A phase II trial 
examines the effect of ipilimumab with a GnRH agonist/antagonist on PSA levels. 
For patients that have mCRPC that have failed an androgen synthesis inhibitor and 
are inelegible for a taxane regimen, there is an ongoing phase III trial that is  studying 
the effect of atezolizumab in combination with enzalutamide versus enzalutamide 
alone. The primary endpoint of the study is overall patient survival [8].

 Administration of Immune Checkpoint Inhibitors

These medications are given intravenously over 30–60 minutes. An infusaport or 
central venous access device is not needed. The number of treatments varies depend-
ing on the specific medication. Premedication is not usually required.

 PARP Inhibitors

PARP inhibitors aim treatment at the inhibition of PARP, poly(adenosine diphos-
phate ribose) polymerase, in patients with genetic mutations of DNA repair. PARP 
is a protein found in blood that helps damaged DNA cells repair themselves. DNA 
repair is necessary for cancer cells to live and thrive. By inhibiting PARP, cancer 
cells will not be able to repair themselves leading to cell death [11].

Prior to initiation with these medications, a tissue biopsy is needed in order to 
obtain genetic sequencing and information of the DNA makeup and changes of the 
cancer cell. This can be obtained from multiple core needle biopsies of metastatic 
prostate cancer tissue. A great deal of metastatic castrate-resistant prostate cancer 
spreads to the bone. However, bone tissue does not offer the best sample. Bone 
biopsies obtain tumor only 69% of time and may not be as successful at genetic 
sequencing offering 67% success rate compared to 80% success rate from non-bone 
metastatic sites [9]. A circulating cell-free DNA (via blood test) is currently under 
investigation as an option for identifying DNA repair mutations. However, a biopsy 
of tissue from a new metastatic site is the preferred approach [9].

At the time of this publication, PARP inhibitors are not currently on the market 
for treatment of prostate cancer. Ongoing clinical trials may lead to full FDA 
approval in the next few years. In clinical trials, PARP inhibitors are generally well 
tolerated. Common side effects include myelodysplastic syndrome, 
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myelosuppression, anemia, nausea, nasopharyngitis, and fatigue. Less gastrointesti-
nal side effects were noted if medication was taken with food.

The TOPARP trial investigated PARP inhibitors in mCRPC – a phase II clinical 
trial that studied olaparib tablets 400 mg twice daily. Patients were given this medi-
cation until progression of disease, unacceptable side effects, withdrawal of con-
sent, or death. Of the 16 patients that had tumor aberrations in DNA-repair genes, 
13 responded. In patients with BRCA2 loss, 100% showed response to therapy; in 
patients with truncated ATM, 80% patients showed response. Because of the excel-
lent response in this study, in 2016, olaparib received FDA breakthrough designa-
tion for treatment in mCRPC patients with BRCA2, BRCA1, or ATM mutations 
who had received prior taxane and either enzalutamide or abiraterone. This was not 
full FDA approval but will lead to acceleration of clinical development [9].

Another study, currently under investigation, is the TRITON2 phase II study. The 
FDA granted breakthrough designation for rucaparib (Rubraca) for single-agent use 
in adult patients with BRCA 1/2-positive mCRPC following at least one androgen 
receptor-directed therapy and taxane-based chemotherapy [7].

More recently, the PROfound trial data published in the New England Journal of 
Medicine online ahead of print April 28, 2020, was a phase III trial of mCRPC men 
comparing olaparib to abiraterone or enzalutamide in men with BRCA 1/2 or ATM 
mutations that had progressed during treatment. Data analysis identified improved 
progression-free survival and overall survival [11].

 Combination Therapies

In the past decade, there have been many developments in the research and treat-
ment of mCRPC. The greatest benefit of the newer agents may be seen in a more 
combined treatment plan. Multiple clinical trials are investigating using the combi-
nation of PARP inhibitors, Sipuleucel-T, immune checkpoint inhibitors, anti- 
androgens, and chemotherapy. This may provide synergistic effects in delaying the 
progression of metastatic castrate-resistant prostate cancer, thereby increasing the 
survival rate.

Research is also underway using combined treatment plans of these novel agents 
for the treatment of localized prostate cancer.

Pearls for the Advanced Practice Provider
• Patients receiving Sipuleucel-T (Provenge)™ should be premedicated 

prior to administration of treatment to help minimize side effects.
• Clinicians should monitor for new autoimmune-specific symptoms in 

patients that are undergoing treatment with immune checkpoint inhibitors. 
Steroids may be helpful in reducing side effects without altering treatment 
response.
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• Tissue biopsy is still the standard for obtaining DNA to guide treatment. A 
biopsy of metastatic prostate cancer tissue is necessary prior to initiation of 
therapy with PARP inhibitors. This will help determine which patients will 
more likely respond to treatment.

• Patients on PARP inhibitors require frequent lab work (CBC) to monitor 
for myelosuppression.
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Chapter 12
Bladder Cancer: Overview, Epidemiology, 
Initial Presentation and Diagnosis

Betsy M. Avinash, Jay D. Raman, and Matthew G. Kaag

Bladder cancer, also known as urothelial carcinoma, is the most common malig-
nancy of the genitourinary system. It is a highly aggressive and progressive disease 
with a high rate of incidence which is expensive to treat and can be lethal in nature. 
As the name suggests, urothelial carcinoma can occur anywhere along the urothelial 
lining, including the kidneys, ureters, bladder, and urethra. In this chapter, we 
mainly discuss urothelial carcinoma of the bladder. The lining of the bladder is 
mainly composed of transitional cells that can turn into various types of cells with 
the potential to become benign or malignant in nature. Urothelial carcinoma was 
previously known as “transitional cell carcinoma” as it primarily consists of 
transitional cells. This chapter will focus mainly on overview, epidemiology, initial 
presentation, and diagnosis of bladder cancer.

 Overview and Epidemiology of Bladder Cancer

Bladder cancer is the ninth most common cancer worldwide according to the Global 
Cancer Incidence Report [1]. In the United States, bladder cancer is the sixth most 
common cancer. According to the recent statistics from the American Cancer 
Society, there are about 81,190 new cases of bladder cancer (about 62,380 in men 
and 18,810 in women) and about 17,240 deaths from bladder cancer (about 12,520 in 
men and 4720 in women) each year [2]. With increasing awareness and early detec-
tion, the rates of new bladder cancer and cancer-related deaths have decreased 
slightly in recent years. Bladder cancer is considered the fourth most common 
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cancer in men, and incidence rates have been decreasing and the rate of death has 
remained stable. Bladder cancer is comparatively less common in women [2].

The incidence and prevalence of urothelial carcinoma is seen to increase in the 
sixth decade of life and eventually peak between the seventh and eighth decade of 
life, as it is a cancer that is mainly affected by aging and environmental factors, 
including lifestyle [3]. Although in some areas the incidence of bladder cancer has 
risen in the last 60–70 years, in other geographical areas, the incidence has flattened 
off. The rise in incidence of bladder cancer is seen in underdeveloped countries, as 
there has been increased use of chemicals and pesticides with industrialization lead-
ing to increased exposure to environmental carcinogens [3]. When we look at the 
worldwide incidence rate of bladder cancer, it is highest in Egypt, Europe, and 
United States and lowest in Asian countries [4].

 Urothelial Carcinoma: Overview

The bladder wall is composed of three main histological layers. The innermost 
lining has urothelial or transitional cells called urothelium or transitional epithe-
lium. Beneath the urothelium is the lamina propria containing connective tissue, 
blood vessels, and nerves. The next layer is the muscle layer of the bladder, also 
known as muscularis propria. The outer layer of the bladder is comprised of a 
fatty layer of connective tissue which separates the bladder from the other 
organs [5].

Transitional cell carcinoma is the most common type of urothelial carcinoma, 
and it occurs in the innermost layer of bladder and can occur anywhere along the 
site of the renal pelvis, ureters, bladder, and urethra [6]. Non-urothelial carcinoma 
is usually rare and more aggressive in nature and includes the squamous cell carci-
noma (SCC) of the bladder, adenocarcinoma, clear cell carcinoma, and small cell 
cancer (neuroendocrine tumor of the bladder) [5, 6]. There are also rare non- 
epithelial carcinomas including sarcomas, carcinosarcomas, sarcomatoid cancers, 
paragangliomas, pheochromocytomas, primary bladder melanoma, and lymphomas 
[6]. The most common types of cancer that can metastasize into the bladder are 
lymphomas and melanomas [6].

 Staging

Staging of bladder cancer is important as it determines the modality of treatment 
after the biopsy of bladder or after transurethral resection of bladder tumor 
(TURBT). The most recent staging system has classified bladder cancer stages as 
Tcis, Ta, T1, T2a and T2b, T3, and T4. Table 12.1 gives a more definitive idea of 
how the tumors are staged (see Fig. 12.1).

The 2009 staging system is shown in Tables 12.1 and 12.2 [10]. Ta and CIS dis-
ease have no invasion of the basement membrane, but endophytic growth of 

B. M. Avinash et al.



143

low-grade tumors into the lamina propria is possible, and cancer can occur in von 
Brunn’s nests [11, 12]. T1 disease, as mentioned earlier, can be divided into T1a and 
T1b disease [13]. The subdivision is based on the muscularis mucosa, which 
comprises thin wavy vesicles of muscle within the lamina propria that are associated 
with large vessels and lymphatics. The prognostic significance of T1a and T1b 

Table 12.1 The TNM classification for bladder cancer [7]

Stage (tumor) Characteristics

Ta Low grade and noninvasive papillary urothelial carcinoma
Tcis Carcinoma in situ or flat tumor
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades muscle

T2a – tumor invades superficial muscle (inner half)
T2b – tumor invades deep muscle (outer half)

T3 Tumor invades perivesical tissue
T3a – invades perivesical tissue microscopically
T3b – invades perivesical tissue macroscopically (extravesical mass)

T4 Tumor invades any of the adjacent organs: prostate, uterus, vagina, pelvic wall, 
and abdominal wall
T4a – tumor invades prostate or uterus or vagina
T4b – tumor invades pelvic wall or abdominal wall

Stage (node)
N0 No evidence of regional lymph node metastasis
N1 Evidence of metastasis in a single lymph node ≤2 cm in greatest dimension
N2 Evidence of metastasis in a single lymph node >2 cm but ≤5 cm in greatest 

dimension, or multiple lymph nodes, none >5 cm in greatest dimension
N3 Evidence of metastasis in a lymph node >5 cm in greatest dimension
Stage (metastasis)
M0 No evidence of distant metastasis
M1 Evidence of distant metastasis

a

b

Fig. 12.1 Staging and grading of bladder cancer. (a) Staging of bladder cancer; (b) Grading of 
bladder cancer. (Printed with permission from Knowles and Hurst [8])
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disease is inconsistent because of the lack of muscularis mucosa in many bladder 
biopsy specimens. Essentially, the T1a and T1b stratifications suggest that the 
deeper the tumor invades the lamina propria, the worse the survival [5].

 Histologic Variants of Urothelial Carcinoma

In recent years, we have seen a rise in histologic variance of urothelial carcinomas, 
which are more aggressive and difficult to treat in comparison with traditional types. 
In this chapter, we briefly discuss the most common types of variant histology.

 Micropapillary Urothelial Carcinoma

Micropapillary urothelial carcinoma is usually found to be aggressive, since it is 
often found at a later stage, and due to its variant histology, it has poor prognosis. In 
recent studies, the incidence of micropapillary bladder carcinoma was 0.7%, the 
mean patient age at diagnosis was 69 years (range, 45–82), and the male-to-female 
ratio was 2.3:1 [14, 15]. Due to the advanced stage at the time of diagnosis, the 
overall survival rate of patients with micropapillary urothelial carcinoma at 5 and 
10 years is 51% and 24%, respectively [13]. Due to the aggressive nature of this 
type of tumors, BCG is typically seen to be ineffective, and surgical resection with 
radical cystectomy is often warranted to provide the best chance of cure [15].

 Nested Variant of Urothelial Carcinoma

Nested variant is a rare but aggressive form of urothelial carcinoma which usually 
occurs as a benign lesion in the lamina propria, with a nested and tubular appear-
ance [16]. Nested variant of urothelial carcinoma is usually similar in appearance to 
the hyperplastic von Brunn’s nests, nephrogenic metaplasia, cystitis cystica, and 
inverted papilloma [5, 16]. The incidence of this cancer has a male to female ratio 
of 6:1 and has a 70% mortality within 3 years despite newer aggressive therapies [5].

Table 12.2 The Jewett–Strong–Marshall classification for bladder tumors [9]

Class Characteristics

0 Preinvasive
A Submucosal invasion
B1 Superficial muscle
B2 Deep muscle
C Extravesical spread
D1 Fixed to or invading prostate, uterus, vagina, or pelvic lymph nodes
D2 Spread to extrapelvic lymph nodes or distant metastases
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 Clear Cell Variant of Urothelial Carcinoma

Clear cell variant is also a rare form of urothelial carcinoma and may be easily con-
fused with the metastatic clear cell carcinoma of the kidney; however, it does not 
have a poor prognosis compared to the other variant histology. The clear cells con-
tain glycogen-rich vacuoles and will have foci of clear cells within the tumor [5].

 Glandular or Adenocarcinoma Differentiation

Glandular differentiation is usually defined as the occurrence of two glandular 
spaces within the tumor and occurs in about 6% of urothelial cancer cases, but 
mixed tumor differentiation is most common with squamous cell cancer [17].

 Plasmacytoid Tumor

Plasmacytoid tumor is another variant of urothelial carcinoma that has been identi-
fied as a separate WHO classification since 2011 [5]. These tumors are usually diag-
nosed at an advanced stage, as the classical presentation of hematuria is delayed due 
to the presence of sessile and non-papillary tumor growth [18]. These tumors con-
sist of plasmacytoid cells with the centric nuclei often invading through the bladder 
wall as well as the perivesical adipose tissue at the time of diagnosis, and hence, the 
average survival rate is about 27 months from the time of diagnosis. It has poor 
response to chemotherapy [19].

 Non-urothelial Malignancies

 Squamous Cell Carcinoma

The most common type of mixed differentiation is squamous cell carcinoma. 
Squamous cell carcinoma is usually seen in patients with chronic infection/irrita-
tion. Chronic infection with Schistosoma haematobium and other bacteria leads to 
squamous cell formation of the bladder [20]. The Schistosoma ova deposited in the 
wall of the bladder can cause chronic inflammation and cause inflammatory changes 
which then can turn into squamous cell epithelium. In patients with spinal cord 
injury, managing their bladder with either intermittent catheterization or chronic 
indwelling Foley can also cause chronic irritation to the bladder which can contrib-
ute to the development of squamous cell carcinoma of the bladder [21]. In the recent 
years, there has been less incidence of squamous cell carcinoma, most likely due to 
better catheter care [22].
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 Sarcomas

Sarcomas consist of less than 1% of all bladder cancers and are the most common 
mesenchymal tumor of the bladder [5]. Sarcoma is subclassified based on the histo-
logic variation, with leiomyosarcoma being the most common subtype, followed by 
rhabdomyosarcoma and then rarely angiosarcoma, osteosarcoma, and carcinosar-
coma [23]. Grading of sarcoma is the primary prognostic factor and is incorporated 
into the staging system.

 Signet Ring Cell Carcinoma

Primary signet ring cell carcinoma of the bladder is very rare and constitutes less 
than 1% of all epithelial bladder neoplasms [24]. These can be urachal in origin and 
directly extend into the bladder. These tumors are generally high grade at presenta-
tion and have poor prognosis with radical cystectomy being the primary modality of 
treatment [5].

 Small Cell Carcinoma

Small cell carcinoma primarily occurs in the lungs but can occur in extrapulmonary sites 
such as bladder, prostate, and colon [25]. In patients with small cell carcinoma, these 
should be treated as metastatic disease even if there is no evidence of disease outside the 
bladder on imaging studies, and hence, the primary mode of treatment is chemotherapy 
followed by either radiation therapy or surgery with radical cystectomy [5].

 Risk Factors for Bladder Cancer Development

 Geographic Risk Factors

Various demographic areas have different risks factors for development of urothelial 
cancer. In Western countries and West Asia, smoking and occupational exposure to 
hazardous chemicals are considered major risk factors for the development of blad-
der cancer [26]. In Africa and other developing countries, almost 50% of the cancer 
is developed from chronic infections such as schistosomiasis. It is also noticed that 
in patients developing urothelial cancer as a result of schistosomiasis, the cancer is 
typically squamous cell carcinoma, whereas in patients who are smokers, urothelial 
cancer is primarily transitional cell carcinoma [26].
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 Environmental Risk Factors

There are multiple environmental risk factors contributing to the development of 
bladder cancer. As discussed above, smoking is one of the major risk factors for the 
development of bladder cancer, and smokers are three times more susceptible to 
developing bladder cancer compared to nonsmokers [9, 27]. Secondhand smoke can 
also increase the risk of developing bladder cancer [9].

Workplace exposures also have an important role in the development of bladder 
cancer. Chemicals such as aromatic amines, including benzidine, 4-aminobiphenyl, 
beta-naphthylamine, and 4,4′- methylenebis(2-chloroaniline) used in the dye and 
rubber industries, are linked to the development of bladder cancer [28]. Another risk 
factor for development of bladder cancer is exposure to arsenic through drinking 
well water with concentrations greater than 300 μg/l [28]. Some of the other risk 
factors for bladder cancer include exposure to dyes, paint and paint products, and 
products used in leather making and textile work, and painters, machinists, printers, 
and hairdressers are exposed to these products. Truck drivers are also exposed due 
to diesel fumes, which are also a major risk factor [27].

 Medications/Chemicals Contributing to the Development 
of Bladder Cancer

Some medical therapies may also increase the risk of having urothelial cancer. 
Pioglitazone (Actos), an agonist of the peroxisome proliferator-activated receptor 
commonly used for treatment of type 2 diabetes mellitus, was thought to carry some 
risk for development of urothelial carcinoma [29]. Recent studies show that the risk 
of having bladder cancer is still being determined, and the most recent research 
shows that the outcome is usually dose and time dependent, and patients with long-
term use (usually >2  years) and high dose exposure should be monitored more 
regularly for signs of bladder cancer [29]. Use of certain dietary pills, such as 
Aristolochia fangchi, a Chinese herb, is also considered a risk factor for development 
of bladder cancer [27].

Prior exposure to chemotherapy or radiation therapy can also increase the risk 
of developing urothelial carcinoma. Exposure to the chemotherapy drug cyclo-
phosphamide (Cytoxan) for an increased amount of time can lead to bladder irrita-
tion, eventually increasing the risk of urothelial cancer ninefold [30]. In females 
who had treatment with radiation for cervical cancer and in males who had treat-
ment with radiation for prostate cancer, any radiation exposure to pelvic region for 
cancer treatment is also seen to be a risk factor for development of urothelial 
 cancer [30].
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 Age, Gender, and Genetics as Risk Factors for Bladder Cancer

Risk factors that cannot be changed include age (>55), gender (more common in 
males than females), and chronic bladder irritations (including urinary tract infec-
tions, kidney and bladder stones, and indwelling Foley/suprapubic catheters), mainly 
causing development of squamous cell carcinoma of the bladder [27]. Other risk 
factors include personal history of bladder or urothelial carcinoma and bladder birth 
defects, especially urachus, a connection between the belly button and bladder; if this 
connection remains after birth, it can become cancerous [27]. Urachal carcinoma is 
a non-urothelial malignancy, which is almost always an adenocarcinoma that needs 
to be diagnosed accurately as the surgery and chemotherapy involved in this kind of 
carcinoma differ from those of the typical urothelial carcinoma [31]. Urinary bladder 
exstrophy is a rare congenital anomaly, and this can sometimes lead to adenocarci-
noma requiring extensive abdominal reconstruction surgeries [32]. Genetics and 
family history also remain among the risk factors that cannot be changed. The family 
members may share a gene (like GST or NAT), which makes it harder for chemicals 
and toxins to be broken down, and family members may also be exposed to the same 
chemicals. In a very small number of people, mutation of the retinoblastoma gene 
and Lynch syndrome are linked to the development of urothelial carcinoma [27].

 Mortality

Recent studies have shown that the highest mortality rate is seen in Egypt due to the 
aggressive nature of the squamous cell carcinoma that is highly prevalent there. It is 
three times higher than in Europe, and eight times higher than in North America 
[33] (see Fig.  12.2). The global mortality rate among males is four per 100,000 
versus 1.1 per 100,000 among females [34]. The mortality rate for urothelial cancer 
has decreased by 5% over the last decade mainly because of awareness, which 
helped with smoking cessation, changes in environmental carcinogens, and health-
ier lifestyles [5, 34]. The mortality rate for urothelial cancer has decreased by 5% 
during this period mainly because of awareness, which helped with smoking cessa-
tion, changes in environmental carcinogens, and healthier lifestyles [5]. Better 
access to treatments, better choice of chemotherapy for metastatic urothelial cancer 
patients, timely care, and advances in research have all led to an overall improve-
ment in the survival rate [5].

Fig. 12.2 Comparison of 
estimated global mortality 
rates for bladder cancer
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 Initial Presentation and Diagnosis

One of the key elements in diagnosing urothelial carcinoma is a complete urological 
evaluation with history and physical. This will help to identify various risk factors 
and assess signs and symptoms, which will aid in the diagnosis of urothelial carci-
noma. It is notable that at diagnosis, majority of the patients (80%) present with 
non-muscle invasive disease, usually Ta or T1 papillary disease, which has a more 
favorable outcome for management than muscle invasive disease [35] (Table 12.3).

 Physical Exam

It is important to perform a complete head-to-toe physical exam. Assessing heart 
and lung sounds is essential for preoperative planning and also in cases where 
patients need to have anesthesia for diagnostic cystoscopy and to ensure there is no 
cardiopulmonary complication. An abdominal exam will help identify if there is any 
evidence of enlargement of the spleen or liver or the presence of any mass or tender-
ness/pain upon palpation. Females should have a pelvic exam to assess for masses 
or any abnormal finding of fullness. Males should have a rectal exam and a com-
plete genitourinary exam to ensure there is no evidence of a mass extending into the 
prostate and to rule out rectal wall fullness, as well as direct inguinal palpation to 
rule out the presence of enlarged inguinal lymph nodes [6]. It is mainly when there 
is advanced bladder cancer disease that there is more prominent evidence of lymph 
nodes upon physical examination; otherwise, for early disease, physical exam is 
usually of low yield.

Recent studies support the use of ECOG (Eastern Cooperative Oncology Group) 
Performance Status Measure to assess how the disease affects one’s quality of life 
and their activities of daily living, and it can help to determine provision of addi-
tional support and formulate appropriate treatment plan [37].

 Diagnostic Testing

 Laboratory Data

A complete evaluation with laboratory data will help in guiding the future steps in 
the management of urothelial carcinoma (Table 12.4). In patients with gross hema-
turia, no further microscopic analysis in necessary, but in patients with asymptom-
atic microscopic hematuria, a urinalysis should be performed to understand the total 
RBC count per HPF (>3 RBCs/HPF) to assess if it is considered a true microscopic 
hematuria [39]. A urine culture is an important test done to rule out the presence of 
a urinary tract infection [39]. Urine cytology is performed in patients with gross 
hematuria, but it is not routinely recommended to have urine cytology or tumor 
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Table 12.3 Complete history for diagnosis of urothelial carcinoma [6]

Medical history A complete and thorough medical history is necessary for prescribing various 
medications, diagnostic testing, as well as treatment planning. It is also 
important to know of any previous history of radiation to the abdomen and 
pelvis [6]

Surgical history It is important to be aware of any previous abdominal/pelvic surgery as it may 
change treatment planning as to whether the patient could have open or 
robotic/laparoscopic surgery [6]

Medication 
history

A complete medication history should be performed to evaluate for drug-to-
drug interactions. Oftentimes, the patient may also be taking over-the-counter 
vitamins including fish oil, ibuprofen, and turmeric to name a few which have 
some anticoagulant properties that increase the risk of bleeding during the 
time of active disease process as well as during surgical intervention. It is also 
important know if the patient is anticoagulated/use of nicotine gum/
testosterone replacement or any recent use of antibiotics

Allergies It is important to know if they have any allergies to contrast dye which is used 
to obtain a CT urogram to aid in the diagnosis of any filling defects which 
could be bladder tumor

Social history A thorough social history will help us in determining tobacco use/alcohol use 
and illicit drug use. It is also important to assess the baseline sexual function, 
and for a lot of patients, it is important to counsel them about erectile 
dysfunction if they would require a cystoprostatectomy as a treatment for 
bladder cancer. It is also important to know if they have a good support 
system

Family history It is also important to assess if there is any family history of bladder cancer or 
any other type of cancers as family members can possess the same genes 
which can increase the risk of having bladder cancer

Clinical 
presentation

Collecting a good history of their initial presentation is important. This 
include the onset, duration, frequency, severity, and other treatments or 
therapies used whether it be acute or chronic
Common signs and symptoms include:
  Gross hematuria (usually painless) seen in 85% of population with a new 

diagnosis of bladder cancer
  Presence of blood clots
  Microscopic hematuria (>3 RBCs/HPF)
  Lower urinary tract symptoms: urinary urgency, frequency, dysuria, 

nocturia, incomplete bladder emptying, and bladder pain
  Urinary incontinence, abnormal urethral discharge
  Recurrent UTI

Risk factors Risk factors for malignancy in patients with hematuria [36]:
  Older age
  Male gender
  History of cigarette smoking
  History of chemical exposure (cyclophosphamide, benzenes, aromatic 

amines)
  History of pelvic radiation
  Irritative voiding symptoms (urgency, frequency, dysuria)
  Prior urologic disease or treatment
  History of chronic indwelling catheters
  History of recurrent UTIs
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markers done for patients with asymptomatic microscopic hematuria, but it could 
certainly be considered in patients with increased/high risk factors [36]. Other labo-
ratory tests are performed for initial workup per Table 12.3 usually based on pro-
vider preference.

 Diagnosis

It is very important to diagnose urothelial cancer early, as delayed diagnosis can 
lead to adverse outcomes. Hence, it is important for clinicians to perform a thorough 
history and physical and basic tests to identify bladder cancer. One of the key pre-
sentations for bladder cancer is usually visible blood in the urine or gross hematuria 
and asymptomatic microhematuria, seen in urinalysis [39]. According to the AUA 
guidelines, patients presenting with gross hematuria or asymptomatic microscopic 
hematuria, who have high risk factors (see Table 12.3), should undergo complete 
urological evaluation [36]. Even though the risk of malignancy is low in patients 
with asymptomatic hematuria, or even if they have low risk factors, it is warranted 
that they have complete urological workup [36]. It is critical to pay attention to cues 

Table 12.4 Evaluation of laboratory data [6]

Comprehensive 
metabolic panel 
(CMP)

CMP will help in assessing any electrolyte imbalance, abnormal liver 
function and more importantly renal function. It is important to evaluate 
the renal function including BUN, creatinine, and GFR to determine if 
the patient can get a contrast-based CT scan or not

Complete blood count 
(CBC)

This will help evaluate if the blood count is within normal limits: 
decreased hemoglobin may indicate loss of blood, and elevated white 
count will indicate an infection that needs to be further worked up

PT/INR This will help in evaluating for any bleeding disorders; especially if they 
are on any anticoagulation

Urinalysis Urinalysis with a complete basic and microscopic evaluation should be 
done to detect the presence of bacteria and to determine if it is a true 
microscopic hematuria (>3 RBCs/HPF)

Urine culture and 
sensitivity

It is essential to send the urine for culture and sensitivity especially with 
the presence of gross hematuria or any other urinary symptoms to r/o an 
infection which can mimic bladder cancer symptoms and can be treated 
with antibiotics appropriately

Urine cytology The voided urine sample is submitted to assess the presence of abnormal 
cells. The results can be negative or positive for malignant urothelial 
cells or atypical cells. Further tests need to be done based on the risk 
factors and urinary symptoms. Cytology is usually a good tool in 
detecting high-grade urothelial cancers and carcinoma in situ (CIS)

FISH (UroVysion 
Fluorescence In Situ 
Hybridization)

FISH test is a genetic test to detect the presence and for surveillance of 
bladder cancer cells done via urine test. This method helps in 
determining genetic alteration of urothelial cells found in the urine, 
using fluorescent DNA probes binding to the regions of chromosomes 3, 
7, and 17 as well as on the 9p21 [38]
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such as accompanying symptoms (see Table 12.3 for clinical presentation) as they 
may mimic the presence of urinary tract infection (UTI), pyelonephritis, or urinary 
stones (including kidney, ureteral, or bladder stones) [6]. By the time patients come 
to see the urologist, they may have had multiple courses of antibiotic without the 
evidence of true infection. Apart from painless gross hematuria, recurrent UTI with 
or without hematuria may also mimic bladder cancer.

 Diagnostic Studies

Computed tomography (CT) urogram should always be considered as the first 
choice of imaging in patients with hematuria [6], but with other urinary symptoms, 
sometimes, clinicians may start with a renal ultrasound (US) or a non-contrast CT 
to rule out urolithiasis or any other obstructive causes. A multi-detector row CT 
urogram (CTU) has become the choice of imaging for urinary tract abnormalities, 
since it is a single exam in its entirety that can be used to evaluate the kidneys, col-
lecting systems, and ureters [40]. CTU is more expensive than an ultrasound but in 
the long run would save the patients from having to undergo multiple imaging 
modalities, so it can result in the overall reduction of health-care costs [40].

The non-contrast phase of the imaging study will show if there is any presence 
of hydronephrosis, which is usually due to the obstruction of urine flow from the 
kidneys through the ureter and bladder, any renal masses or urothelial lesions, or 
any obvious bladder masses. The presence of IV contrast during the 100-s phase and 
the 10-minute delayed phase will help in identifying the presence of any filling 
defects in the kidney (upper tract urothelial lesions), ureter, or bladder. An ultra-
sound or intravenous urography on its own is very likely to miss upper tract tumors 
[30]. CT urogram will also help in identifying any other tumors within the abdomen 
and pelvis and will show the presence of lymphadenopathy, which mostly may indi-
cate metastatic disease [6] (see Fig. 12.3).

If the patient is unable to undergo CTU due to impaired renal function or due to 
dye allergies, a non-contrast CT or magnetic resonance (MR) urography or renal US 
can also be performed as a part of initial evaluation [36].

 Cystoscopic Evaluation: Final Step for Hematuria Workup

Cystoscopy is the gold standardized workup for detecting bladder cancer. AUA 
guidelines recommend that a complete cystoscopic evaluation needs to be done in 
all patients with gross hematuria and patients with asymptomatic microhematuria, 
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Fig. 12.3 Filling defect suspicious for bladder cancer seen in the 10-minute delayed imaging of 
CT urogram. (a) 3–4 cm filling defect in the bladder in the 10 minute delayed phase on CT scan in 
the bone window in the axial phase; (b) 3–4 cm filling defect in the bladder in the 10 minute 
delayed phase on CT scan in the adominal window in the axial phase; (c) 3–4 cm filling defect in 
the bladder in the 10 minute delayed phase on CT scan in the adominal window in the coronal 
phase; (d) Large filling defect in the right bladder wall on the 10 minute delayed phase on CT scan 
in the bone window in the axial phase; (e) Large filling defect in the right bladder wall on the 10 
minute delayed phase on CT scan in the abdominal window in the axial phase; (f) Large filling 
defect in the right bladder wall on the 10 minute delayed phase on CT scan in the bone window in 
the coronal phase
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especially in patients >35 years of age [36]. In patients presenting with asymptom-
atic microscopic hematuria with low risk factors and under 35 years of age, it is the 
provider’s discretions on whether they should have a complete urologic evaluation 
[36]. Cystoscopy can be performed in a clinic under local anesthesia or at an outpa-
tient surgical center under local anesthesia or light sedation. In most cases, cystos-
copy is done under local anesthesia, and the patient will be awake during the time 
of the procedure. Cystoscopy will aid in detecting suspicious lesions and small and 
large tumors that will then require further treatment, including bladder biopsies or 
transurethral resection of bladder tumor (TURBT) [6] (see Fig. 12.4). These sam-
ples are then sent for further analysis to get an accurate tissue diagnosis, histology, 
grade, and depth of invasion [6].

It may sometimes be difficult to visualize the bladder in cases where there is 
increased bleeding or debris, or if there are flat urothelial lesions such as carcinoma 
in situ, which may sometimes be mistaken for inflammatory changes and which 
makes it harder to distinguish from normal bladder tissue [6]. Patients may often 
experience some urinary symptoms including gross hematuria, passing of clots, 
urinary frequency, urgency, and dysuria for a short period (usually for 2–3 days) 
after the procedure in most cases [6]. If urinary symptoms last longer, further evalu-
ation with a urine culture is warranted to rule out any urinary tract infection.

After a complete workup, if patients have no evidence of malignancy, a yearly 
urinalysis should be done unless there is persistent gross hematuria. Patients with 
two negative urinalysis after 2 years do not need to be checked any further, but 
patients with continued asymptomatic microscopic hematuria should have a repeat 
urologic evaluation in 3–5 years especially if they have high risk factors [36].

Fig. 12.4 Cystoscopic 
surveillance showing 
evidence of tumor
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Chapter 13
Intravesical Therapy for Non-muscle 
Invasive Urothelial Carcinoma

Waleed Hassen and Laura Motherway

 Introduction

The majority of bladder cancer cases present as noninvasive disease [1]. Lower- 
grade disease tends to have a higher risk of recurrence, while higher-grade disease 
also carries the risk of disease progression (recurrence at a higher stage) [2]. The 
goal of intravesical therapy is to reduce the risks of recurrence and/or progression 
depending on the initial presenting pathological features.

Intravesical therapy is the administration of a medication directly into the blad-
der via the urethra through a urinary catheter. The goal of intravesical therapy is to 
maximize the exposure of malignant cells located within the bladder to therapeutic 
drugs while limiting a systemic response. The urothelium of the bladder is uniquely 
suited to limit a systemic response by minimizing absorption of the administered 
agent [3].

Intravesical agents are categorized into chemotherapeutic drugs and immuno-
modulators. These medications have different mechanisms of actions and side 
effects. The purpose of this chapter will be to outline the various available therapeu-
tic options as well as their indications and methods of administration.
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 Intravesical Chemotherapy

Intravesical chemotherapy is the installation of chemotherapeutic agents that inhibit 
or slow cancer cell production [4].

 Mitomycin

Mitomycin C (MMC) is the most common chemotherapeutic agent used to treat 
non-muscle invasive bladder cancer (NMIBC) [5, 6]. It is an antibiotic that inhibits 
DNA synthesis and can be used in the perioperative setting to prevent tumor implan-
tation or for induction and maintenance therapy [7, 8]. The typical dose of MMC is 
40 mg in either 20 or 40 ml of saline. Side effects include cystitis and rarely bladder 
contraction (5%). Rash and desquamation may also occur if the drug comes in con-
tact with skin. Increasing the concentration of MMC (40 mg/20 ml) [9] as well as 
urinary alkalinization has been shown to improve efficacy. Electromotive therapy 
has also been shown to improve the efficacy of MMC in some studies [10, 11].

 Gemcitabine

Gemcitabine is a deoxycytidine analogue that inhibits DNA synthesis [12]. It has 
been recently shown to be useful in the perioperative setting. The typical dosage is 
2 gm/100 ml of normal saline [13]. Side effects are uncommon and include dysuria 
and hematuria.

 Doxorubicin

Doxorubicin is an antibiotic that inhibits protein synthesis by binding DNA pairs. It 
has been shown to reduce recurrences in the perioperative setting. The typical dose 
is 50 mg/50 ml of normal saline. Side effects include cystitis, fever, and rarely blad-
der contraction [14].

 Epirubicin

Epirubicin is an anthracycline chemotherapeutic agent and a derivative of doxorubi-
cin that exerts its antineoplastic effect by intercalating DNA strands, thereby inhib-
iting replication and RNA synthesis. The typical dose is 50 mg/50 ml of normal 
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saline. Side effects are similar to doxorubicin. It is also typically used in the periop-
erative setting but is not available in the United States [15].

 Thiotepa

Thiotepa was one of the first agents used for intravesical chemotherapy. It is an 
alkylating agent that acts to cross-link nucleic acids. The typical dose is 30 mg/30 ml 
of normal saline. Due to its low molecular weight, however, a significant amount of 
the drug can be systemically absorbed which may cause myelosuppression in up to 
30% of patients [14]. It is because of this that thiotepa is not commonly used in most 
institutions.

 Valrubicin

Valrubicin is a semisynthetic analogue of doxorubicin and is the only therapy 
approved by the FDA for bacillus Calmette-Guerin (BCG) refractory carcinoma in 
situ (CIS) [12]. The dosage is 800 mg/75 ml of normal saline. Common side effects 
include cystitis and urinary frequency. Long-term disease-free survival rate remains 
poor, and it only has an 8% complete response rate at 30-month follow-up [16]. Its 
use therefore is rather limited.

 Immunotherapy

Intravesical immunotherapy is the installation of agents that work by triggering the 
body’s immune response to destroy malignant cells that may be present in the blad-
der after a transurethral resection [17].

 BCG

Bacillus Calmette-Guerin (BCG) is a live strain of Mycobacterium bovis that was 
first used as a tuberculosis vaccine and later found to induce an immune response 
within the bladder [18]. BCG leads to the release of numerous cytokines that induces 
a Th1 immune response. BCG is supplied in various strains and is typically given as 
a vial diluted in 50 ml of normal saline. As it is a live attenuated bacterium, side 
effects can be more severe than intravesical chemotherapy and may include fever, 
irritative voiding symptoms, BCG sepsis, and rarely death [19].
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Due to risks of systemic absorption, it is usually not given until 2–4 weeks after 
surgical resection to allow for bladder re-epithelialization. BCG should not be given 
in patients with a traumatic catheterization or hematuria. Caution should be used in 
immunosuppressed patients or patients with an active urinary tract infection (UTI) 
[20]. BCG has been shown to reduce the incidence of recurrence and progression of 
disease. BCG is typically given as an induction course of 6 weekly doses followed 
by a maintenance schedule. While maintenance schedules vary, the most effective 
schedule reported consists of a 6-week induction course followed by 3 weekly doses 
at 3, 6, 12, 18, 24, 30, and 36 months [21].

 Interferon

Interferon is an immunotherapeutic agent that can be used as an individual therapy 
or in combination with BCG. The mechanism of action is lymphocyte activation 
and potentiates a T-helper type I immune response [22]. Although it does have some 
efficacy as a single agent in BCG failure, it has most thoroughly been evaluated in 
combination with BCG [12, 23].

 Clinical Uses of Intravesical Therapy

 Perioperative Intravesical Therapy

Tumor seeding at the time of transurethral resection of bladder tumor (TURBT) is 
postulated to be one of the causes of recurrence [24]. Intravesical chemotherapy 
immediately after TURBT (within 24 hours) reduces tumor recurrence by 11% in 
patients with low-risk disease [25]. MMC is commonly used in the United States, 
while epirubicin is used in Europe. Gemcitabine, however, has recently been shown 
to decrease recurrences by 47% and is currently the preferred drug of choice per 
NCCN guidelines [6, 13]. Either medication is instilled for 1 hour into the bladder 
after resection or ideally within 6 hours [26]. Instillation should be avoided in cases 
of bladder perforation at the time of resection due to the increased risk of toxicity.

 Reducing Recurrence and Progression

Induction courses of 6 weekly doses of chemotherapy (MMC, doxorubicin, and 
epirubicin) have been shown to reduce the risk of recurrence in NMIBC by approxi-
mately 20–40% but have no appreciable effect on preventing disease progression 
[27]. They are typically used in low- to intermediate-risk disease and not 
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recommended for use in high-risk disease unless there is a contraindication to BCG 
therapy. The value of maintenance therapy with chemotherapy is controversial. If 
given, the maintenance schedule typically involves monthly doses for 1 year [6].

Induction courses of BCG reduce recurrences by 20–60%; however, the main 
clinical utility of BCG is to reduce the impact of disease progression [28]. The 
impact of reduced progression is only seen with maintenance protocols. BCG has 
been reported to reduce rates of progression by approximately 20–30% [29]. About 
25% of patients who fail an initial induction course may be salvaged by a second 
6-week induction course; however, further courses are not recommended as there is 
a much higher chance of disease progression (up to 50%). Those patients should 
proceed to cystectomy or other salvage therapy [19].

 Refractory Disease

In general, patients with high-grade disease who fail intravesical therapy should 
proceed to cystectomy; however, salvage intravesical regimens may be attempted 
for patients who are not surgical candidates. Valrubicin is the only FDA-approved 
agent for BCG refractory disease. The complete response and disease-free survival 
rates are poor however (18% and 4%). Therefore, valrubicin is not commonly 
used [30].

Combination treatment with gemcitabine and docetaxel has been shown to have 
49–54% complete response rate (CRR) after 1 year and 34% complete response rate 
after 2 years [31, 32]. Other therapies which have been shown to be safe and have 
achieved a complete response rate between 28% and 71% at 1 year include either 
gemcitabine as monotherapy [33] or in combination with mitomycin [34, 35] as 
well as nab-paclitaxel [36].

 Complications of Intravesical Therapy

Intravesical therapy can cause local reactions to the urothelium that can cause some 
patients significant symptoms. The most common symptoms experienced are dys-
uria, bladder pain, gross hematuria, low-grade fever, and malaise. These usually 
occur 24–48 hours post-treatment.

These symptoms can be treated with analgesics–nonsteroidal anti-inflammatory 
drugs (NSAIDs), anticholinergic medications, and antispasmodics. If the symptoms 
persist, a urine culture should be obtained to rule out a bacterial infection. If the 
urine culture is positive, treatment should be withheld, and the infection should be 
treated with an appropriate antibiotic. A negative urine culture should be obtained 
before intravesical treatment is continued.
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A decrease in the dose of intravesical treatment can be appropriate if side effects 
become more severe over time and the patient can no longer tolerate the full dose. 
In some patients, chemical cystitis and urinary tract infection can occur.

 Cystoscopic Follow-Up

Cystoscopic follow-up is the standard tool for monitoring superficial bladder can-
cer. It is limited only to tumors that can be visualized, so therefore, urine cytology 
is used as an adjunct to detect high-grade disease [37]. Follow-up is imperative 
because of the high probability of tumor recurrence and the risk of progression. In 
general, the first cystoscopy should be 3 months after the initial transurethral resec-
tion. If the first cystoscopy is clear, follow-up was traditionally scheduled every 
3 months for a period of 2 years, every 6 months until the end of the fifth year, and 
then yearly thereafter. However, this approach has been modified to individual risk 
using a scoring system (such as the EORTC) and risk tables for the prediction of 
short- and long-term risks of both recurrence and progression. The American 
Urological Association also recommends a more risk-adapted approach [37]. 
Fluorescent cystoscopy involves the intravenous injection of photoactive porphyrin 
precursors (commonly hexaminolevulinate) which preferentially accumulate in 
neoplastic tissue. Under blue light, they emit red fluorescence and aid in the diagno-
sis of subtle lesions. Blue light cystoscopy has been shown to reduce recurrences in 
multiple studies and should be considered if available [38, 39]. Narrow band imag-
ing (NBI) utilizes two specific wavelengths (415 nm and 540 nm) that are specifi-
cally absorbed by hemoglobin and leads to improved visibility of blood vessels. 
Studies have been mixed, but the use of NBI may aid in the reduction of tumor 
recurrences [40, 41].

Key Points
Intravesical Administration
Intravesical chemotherapy has a clear impact on tumor recurrence when instilled 
immediately after TUR and as a maintenance protocol.

In general, side effects of chemotherapy tend to be less common and less severe 
than those with BCG.

Perform sterile catheterization using a sterile catheter kit and a 14F urethral cath-
eter. Empty bladder completely.

Insert a catheter tip syringe or the primed tubing attached to the medication valve 
to the catheter and instill the agent per gravity flow or injection. Assess the patient 
for pain.

Remove syringe or medication vial with tubing intact using sterile gauze to help 
absorb any drops. If the patient has difficulty holding the solution, a Foley catheter 
may be used, and a catheter plug may be inserted onto the end of the catheter after 
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installation so the chemotherapeutic agent remains in the bladder for a specified 
amount of time, usually 1–2 hours. Depending on the patient’s mobility, the catheter 
can be removed and the patient can void, or the catheter can be connected to a uri-
nary drainage bag to drain the chemotherapeutic agent.

Once the catheter is removed, dispose of the equipment appropriately. Repeat 
inspection of the perineal area for leaks and reassess for pain. Cleanse area as 
indicated.

Instruct the patient to retain the treatment for 1–2 hours [20, 24].

Clinical Pearls
• BCG is the only agent shown to delay or reduce high-grade tumor 

progression.
• A 6-week induction course alone is insufficient to obtain an optimal 

response in many patients and that maintenance therapy is requisite.
• Ideally, maintenance should be given for 1 year for intermediate-risk and 

3 years for high-risk NMIBC.
• BCG should not be started until 2 weeks after a TURBT. It should be held 

in the setting of traumatic catheterization, bacteriuria, persistent gross 
hematuria, persistent severe local symptoms, or systemic symptoms. BCG 
is contraindicated in immunosuppressed patients.

• Patients should be instructed to not void for 1–2 hours following intravesi-
cal installation. Bleach should be added to the toilet during the first 6 hours.

• Sexually active patients should use condoms during the duration of therapy.
• Dose reduction may be considered if there are substantial local symptoms 

during maintenance therapy.
• Quinolones may affect the efficacy of BCG and should be avoided for the 

duration of the treatment if possible.
• Patients may experience flu-like symptoms that can last 48–72 (low-grade 

fever below 38.5°C, fatigue, and joint achiness) hours. Local symptoms 
such as frequency, urgency, and dysuria are common. Anticholinergics, 
analgesics, and NSAIDS are helpful.

• Symptoms lasting more than 48 hours:

 – Urine culture, chest X-ray, and liver function tests.
 – Hold therapy or consider dose reduction.

• Consider therapy with isoniazid (300 mg/day) and rifampin (600 mg/day) 
until symptoms resolve.

• Severe symptoms such as hemodynamic instability should be treated with 
isoniazid (300  mg/day) and rifampin (600  mg/day) for 3–6  months. 
Ethambutol (15 mg/kg/day) should be added for solid organ involvement 
[6, 12, 20, 21, 42–48].
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Chapter 14
Bladder Cancer: Muscle-Invasive Disease, 
Neoadjuvant Chemotherapy, and Radical 
Cystectomy

Mary W. Dunn and Matthew I. Milowsky

 Neoadjuvant Chemotherapy

The preferred management of patients with muscle-invasive bladder cancer (MIBC) 
is neoadjuvant chemotherapy (NAC) followed by radical cystectomy (RC). 
Chemotherapy refers to cytotoxic drugs that are administered to inhibit or destroy 
the division and growth of cells. Neoadjuvant chemotherapy, a type of perioperative 
chemotherapy, is chemotherapy that is administered prior to surgery. There is level 
I evidence supporting the use of cisplatin-based chemotherapy in the neoadjuvant 
setting for the treatment of MIBC with the goal of reducing tumor burden, eradicat-
ing micrometastatic disease, and improving survival [1]. Although NAC improves 
survival when compared to locoregional treatment alone, it remains widely under-
utilized, with fewer than 20% of patients who undergo RC receiving NAC [2–4]. In 
a survey of 83 medical oncologists, 52% of whom practiced in academic medical 
centers, 79% reported offering NAC to all patients with MIBC, suggesting a shift 
toward adoption of recommendations that follow best evidence [5]. The European 
Association of Urology (EAU) developed guidelines for the management of MIBC, 
which the American Society of Clinical Oncology (ASCO) endorsed in 2016 [6]. 
These guidelines support the use of NAC followed by RC for patients who are eli-
gible to receive cisplatin. For patient who are ineligible to receive cisplatin, RC is 
recommended.

Prior to the initiation of treatment for MIBC, patients must be clinically staged. 
In addition to transurethral resection of bladder tumor (TURBT), this includes 

M. W. Dunn (*) 
Department of Urology, University of North Carolina Chapel Hill, Chapel Hill, NC, USA
e-mail: mwdunn@med.unc.edu 

M. I. Milowsky 
Department of Medicine, University of North Carolina Chapel Hill, Chapel Hill, NC, USA
e-mail: matt_milowsky@med.unc.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-52021-2_14&domain=pdf
https://doi.org/10.1007/978-3-030-52021-2_14#DOI
mailto:mwdunn@med.unc.edu
mailto:matt_milowsky@med.unc.edu


170

radiographic evaluation, typically with a computed tomography (CT) of the chest, 
abdomen, and pelvis. Baseline laboratory testing, including complete blood count 
(CBC) and comprehensive metabolic panel (CMP), should be obtained. A thorough 
review of systems should evaluate for any preexisting symptoms or medical condi-
tions that may be exacerbated by chemotherapy (e.g., tinnitus, hearing loss, 
neuropathy).

There are no data to support using non-cisplatin-based regimens in the neoadju-
vant setting. Specifically, carboplatin, another alkylating agent, should not be sub-
stituted for cisplatin in those who are ineligible to receive cisplatin. A 2003 
meta-analysis of 11 randomized trials that compared cisplatin-based NAC and local 
therapy with local therapy alone demonstrated that NAC resulted in a survival ben-
efit [7]. NAC plus local therapy resulted in an improvement in overall survival (OS) 
(5-year OS, 50% versus 45%; HR, 0.87, 95% CI, 0.78–0.98) and a lower risk of 
recurrence (HR, 0.81; 95% CI, 0.74–0.90). An update to the 2003 meta-analysis 
showed a significant survival benefit associated with cisplatin-based NAC (HR, 
0.86, 95% CI, 0.77–0.95), translating to a 5% absolute improvement in survival at 
5 years. In addition, there was a disease-free survival benefit (HR, 0.78, 95% CI, 
0.71–0.86), which is equivalent to a 9% absolute improvement at 5 years [8].

There are several cisplatin-based chemotherapy regimens that are used in the 
neoadjuvant setting. Two of these regimens, classic methotrexate, vinblastine, 
doxorubicin, and cisplatin (MVAC) and cisplatin, methotrexate, and vinblastine 
(CMV), were studied in two large phase III randomized trials that each evaluated 
the effects of NAC versus no NAC on mortality. The phase III trial led by Southwest 
Oncology Group (SWOG) randomized patients (n = 307) with MIBC to either three 
cycles of neoadjuvant MVAC (given every 28 days) plus RC or RC alone [9]. The 
use of NAC followed by RC was associated with a decreased risk of all-cause mor-
tality (59% versus 65%; HR, 0.75; 95% CI, 0.57–1.00) and bladder cancer mortality 
(35% versus 50%; HR, 0.60; 95% CI, 0.41–0.82) versus RC without NAC. In addi-
tion, MVAC was associated with a significant difference in the median overall sur-
vival (77 versus 46 months) as well as in pathologic complete response rates (38% 
versus 15%). Significant toxicities were seen with MVAC including grade 3 granu-
locytopenia (n = 35) and grade 4 granulocytopenia (n = 50), and 26 patients experi-
enced gastrointestinal toxicity in the form of grade 3 nausea, vomiting, stomatitis, 
diarrhea, or constipation.

A larger trial of 976 patients compared three cycles of neoadjuvant CMV (given 
every 21 days) or no chemotherapy before RC, radiotherapy, or both [10]. Findings 
from this study demonstrated decreased risk of cancer-specific mortality for the 
combined approach of NAC plus RC versus RC or radiotherapy alone, or both with-
out NAC. At the median follow-up of 4 years, the difference was not found to be 
statistically significant (HR, 0.85; 95% CI, 0.71–1.02). However, a longer follow-up 
(median, 8 years) of the same study demonstrated that NAC led to a significantly 
decreased risk of cancer-specific mortality (HR, 0.74; 95% CI, 0.57–0.96) [11]. In 
those patients who received CMV before RC or radiotherapy, there was a 16% 
reduction in cancer-specific mortality.

M. W. Dunn and M. I. Milowsky



171

In an effort to shorten the duration of chemotherapy and reduce toxicities, studies 
have looked at the efficacy of high-dose MVAC (HDMVAC), which delivers MVAC 
every 2 weeks with growth factor support. Of note, this strategy to shorten the dura-
tion of MVAC is synonymously termed high dose, dose dense, or accelerated. In a 
phase III randomized controlled trial (RCT), patients were randomized to either 
2-week cycles of HDMVAC (n = 134) or 4-week cycles of classic MVAC (n = 129) 
[12]. The study aimed to determine whether HDMVAC plus granulocyte colony- 
stimulating factor (G-CSF) improved overall survival in patients with advanced uro-
thelial cancer. At a median follow-up of 38 months, a 50% difference in median 
overall survival (mOS) was not found. However, patients treated with HDMVAC 
had a benefit in progression-free survival (HR, 0.75; 95% CI, 0.58–0.98); complete 
response (CR) rates (21% versus 9%); and overall response (OR) rates (62% versus 
50%). In addition, HDMVAC had fewer toxicities than classic MVAC including less 
white blood cell (WBC) toxicity (e.g., neutropenia and neutropenic fever) and 
mucositis. In a seven-year update to the initial EORTC 30924 trial, 24.6% of patients 
on the HDMVAC arm were alive, compared to 13.2% on the classic MVAC arm 
[13]. Median progression-free survival (mPFS) was 9.5  months with HDMVAC 
(95% CI, 7.6–12.2) and 8.1 months with MVAC (95% CI, 7.0–9.9); median survival 
was 15.1 months with HDMVAC and 14.9 months with MVAC, and mortality HR 
was 0.76 (95% CI, 0.58–0.99). More patients died from their urothelial carcinoma 
in the MVAC arm (76%) than in the HDMVAC arm (64.9%). Based on category 1 
evidence that shows HDMVAC to be better tolerated and more effective than classic 
MVAC for advanced disease, it is preferred and recommended versus classic MVAC 
in the neoadjuvant setting.

While NAC dose-dense MVAC regimens have not been evaluated in randomized 
clinical trials, two small, single-arm studies suggest that this approach may be rea-
sonable. A phase II trial tested the hypothesis that three cycles of accelerated MVAC 
(AMVAC) given over 6 weeks would be safe, shorten time to RC, and yield compa-
rable pathologic response rates in the neoadjuvant setting [14]. Of the 40 patients 
evaluable for response, 15 showed pathologic complete response (pCR; pT0) at RC 
(95% CI, 23–53%), 82% experienced grade 1 to 2 chemotherapy-related toxicities, 
and the median time from the start of chemotherapy to RC was 9.7 weeks. Another 
study that included 39 patients who received four cycles of DDMVAC showed a 
pathologic response rate (pRR) of 49% and a pCR in ten patients. The disease-free 
rate was higher at 1 year for those patients who had achieved a pCR; 89% versus 
67% among those without a pathologic response (95% CI, 0.80–8.1) [15].

Gemcitabine and cisplatin (GC) are used in the neoadjuvant setting based largely 
on category 1 data extrapolated from trials in the advanced and metastatic setting. 
In a phase III RCT, patients with advanced bladder cancer were randomized to 
either GC (n = 203) or classic MVAC (n = 202) for a maximum of six cycles [16]. 
OS, time to disease progression, time to treatment failure, and response rate data 
were similar between the two regimens. GC was associated with fewer toxicities 
and better tolerability than MVAC.  More MVAC patients than GC patients had 
grade 3 neutropenia (82% versus 71%), neutropenic fever (14% versus 2%), 
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neutropenic sepsis (12% versus 1%), and grade 3 mucositis (22% versus 1%). An 
update to this trial demonstrated similar long-term OS rates with GC and MVAC 
(9.8% and 11.3%, respectively) and similar mPFS rates, 7.7 months for GC and 
8.3 months for MVAC [17]. A retrospective analysis of 42 patients who received 
four cycles of neoadjuvant GC was compared to a historical cohort who were treated 
with neoadjuvant MVAC [18]. This analysis demonstrated a pT0 proportion of 26% 
(95% CI, 14–42) and <pT2 of 36% (95% CI, 21–52) in the GC group. In compari-
son, the pT0 proportion in the MVAC cohort was 28% (95% CI, 16–42), and the 
pT2 proportion was 35% (95% CI, 23–49). If patients have borderline renal func-
tion, splitting the dose of cisplatin can be considered (e.g., 35 mg/m2 on days 1 and 
8, instead of 70 mg/m2 on day 1). Results of a phase I/II trial where a split dose of 
cisplatin was used showed an overall response rate (ORR) of 65% and four CR [19].

Dose-dense MVAC has shown shortened time to surgery in the neoadjuvant set-
ting. A small (n = 31) trial aimed to show that neoadjuvant dose-dense gemcitabine 
and cisplatin (DDGC) could also shorten time to cystectomy and yield a similar 
pCR compared with historical controls with standard GC [20]. Ten patients (95% 
CI, 16–49) achieved a pCR (pT0), and another four patients were downstaged to 
non-muscle-invasive disease (NMIBC). These findings are similar to those noted 
retrospectively with standard GC. This trial was closed early due to vascular events 
experienced in 23% of the patients that either precluded, delayed, or increased their 
risk for surgery. Another trial studying DDGC in the neoadjuvant setting enrolled 49 
patients from three institutions with the primary endpoint of downstaging to non- 
muscle- invasive disease [21]. The majority of the patients (67%) completed all six 
cycles of chemotherapy, and 58% of patients were downstaged to NMIBC. While 
39% of patients required a dose reduction due to toxicity, none failed to undergo RC 
due to toxicity. Pretreatment tumors underwent next-generation sequencing in order 
to identify predictors of chemosensitivity. The presence of a deleterious DNA dam-
age repair (DDR) gene alteration was linked with chemosensitivity.

 Neoadjuvant Immunotherapy

As a result of an increased understanding of how the immune system interacts with 
cancers, a number of immune oncology drugs have been developed. Several check-
point inhibitors (CPI) are approved for use in the metastatic bladder cancer setting, 
which has led to interest in how these immunotherapy agents may work in the neo-
adjuvant setting. To date, two anti-programmed cell death (PD)-1/ligand 1 (PD-L1) 
agents have been studied in the neoadjuvant space. An interim analysis of the phase 
II ABACUS trial of neoadjuvant atezolizumab in MIBC showed a pCR of 29% 
(95% CI, 18–42), and 39% of patients were downstaged to NMIBC [22]. The single- 
arm phase II PURE-01 trial of neoadjuvant pembrolizumab showed a pCR of 42% 
(95% CI, 28.2–56.8), and 54% of patients were downstaged to NMIBC [23]. A 
phase I/II study examining both neoadjuvant pembrolizumab alone in cisplatin- 
ineligible patients and pembrolizumab plus cisplatin and gemcitabine showed that 
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of the 40 patients who received pembrolizumab and GC combination, 40% of those 
who had an RC (n = 36) had a pCR at the time of RC [24]. While these trials report 
high pathologic response rates, confirmation is needed in larger studies.

 Adverse Reactions

Common adverse events of chemotherapy depend on the specific regimen but can 
include myelosuppression, fatigue, nausea, vomiting, electrolyte imbalance, alope-
cia, stomatitis, and peripheral neuropathy, among others. Patients should be edu-
cated about the possibility of febrile neutropenia, which can be life-threatening 
when associated with infection, and given instructions on what to do in the event of 
a fever. In an effort to reduce potentially severe toxicities like neutropenia, regimens 
like DDMVAC are given with granulocyte-macrophage colony-stimulating factor 
(GM-CSF) [25]. Given the risk of ototoxicity associated with cisplatin, a baseline 
audiometry evaluation is recommended. The dose-limiting toxicity of cisplatin is 
nephrotoxicity, which is why pretreatment assessment of renal function is critical. 
Patients should receive adequate pre- and post-hydration with each dose of cisplatin 
[26]. Patients who receive MVAC should have a baseline assessment of left ven-
tricular ejection fraction due to risk of cardiac toxicity with doxorubicin, such as 
cardiomyopathy leading to congestive heart failure, and be monitored for signs and 
symptoms of cardiotoxicity during treatment [27]. All NAC regimens include pre-
treatment antiemetics to prevent and/or lessen the degree of chemotherapy-induced 
nausea and vomiting. Patients should also be provided with a prescription for anti-
emetics (e.g., ondansetron, prochlorperazine) to have at home in the event they 
experience delayed nausea or vomiting.

Meta-analyses have demonstrated that platinum-based NAC yields both a signifi-
cant survival benefit, which translates to an absolute benefit in survival of 5% at 
5 years, and a disease-free survival benefit equivalent to a 9% absolute improvement 
at 5 years [8]. Despite this evidence, only a small percentage of patients receive 
NAC. There are several factors that may account for underuse of NAC, including 
fear of adverse events, delay to RC, and patients who may be deemed “unfit” to 
receive cisplatin [25]. Providers should offer NAC to patients who are eligible, 
while thoroughly explaining rationale, benefits, and risks. Additional information 
about the most common chemotherapy regimens used in the neoadjuvant setting can 
be found in Tables 14.1 and 14.2.

 Radical Cystectomy

Radical cystectomy is the surgical removal of the entire urinary bladder. For patients 
with non-metastatic MIBC, RC in combination with NAC is the standard of care 
[28]. This approach has been compared to bladder-sparing therapy in one RCT, 
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several retrospective cohort studies, and one non-RCT [29]. One population-based 
cohort study of 1843 patients showed that bladder-preserving therapy was associ-
ated with decreased 5-year survival as compared to RC (27.9% vs. 46.5%) [30]. Of 
note, bladder-sparing therapy will be discussed in another chapter.

Radical cystectomy and bilateral pelvic lymph node dissection (PLND) provide 
locoregional control and pathologic staging. Bilateral PLND includes removal of 
external and internal iliac and obturator nodes. There is some evidence to suggest 
that an extended template dissection may be indicated, which includes removal of 
presacral and common iliac nodes up to the aortic bifurcation. In a study of 290 
patients who had an extended lymph node dissection, 28% of patients had positive 
lymph nodes, of which only 25% had positive nodes in the standard template [31]. 
In a prospective phase III trial of extended versus limited lymph node dissection, 
203 patients were randomized to limited dissection (obturator and internal and 
external nodes), and 198 patients were randomized to extended dissection (limited 
plus deep obturator, common iliac, presacral, paracaval, interaortocaval, and 

Table 14.1 Chemotherapy regimens, schedules, and doses used in the neoadjuvant setting

Neoadjuvant 
regimen Schedule

Chemotherapy 
agent Dose

Classic MVAC Every 28 days for 
3 cycles

Methotrexate 30 mg/m2 days 1, 15, 
and 22

– – Vinblastine 3 mg/m2 days 2, 15, 
and 22

– – Doxorubicin 30 mg/m2 day 2
– – Cisplatin 70 mg/m2 day 2
CMV Every 21 days for 

3 cycles
Cisplatin 100 mg/m2 day 2

– – Methotrexate 30 mg/m2 days 1 and 8
– – Vinblastine 4 mg/m2 days 1 and 8
High-dose MVAC Every 14 days for 

3–4 cycles
Methotrexate 30 mg/m2 day 1

– – Vinblastine 3 mg/m2 day 2
– – Doxorubicin 30 mg/m2 day 2
– – Cisplatin 70 mg/m2 day 2
GC Every 21 days for 

4 cycles
Gemcitabine 1000 mg/m2 days 1 and 8

– – Cisplatin 70 mg/m2 day 1

Table 14.2 Classes  
of commonly used 
chemotherapeutic agents used 
for urothelial carcinoma

Chemotherapy agent Category

Methotrexate Antimetabolite; folic acid antagonist
Vinblastine Vinca alkaloid
Doxorubicin Antitumor antibiotic; anthracycline
Cisplatin Alkylating agent; metal salt
Gemcitabine Antimetabolite; pyrimidine antagonist
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para-aortal nodes) [32]. The primary endpoint of the study was recurrence-free sur-
vival (RFS). Secondary endpoints included cancer-specific survival (CSS), OS, and 
complications. Extended dissection did not show superiority over limited dissection 
with regard to RFS (5-year RFS 65% vs 59%), CSS (5-year CSS 76% vs 65%), and 
OS (5-year OS, 59% vs 50%). Additional larger studies are needed in order to deter-
mine the benefit of extended lymph node dissection.

In addition to RC and PLND, surgical management of MIBC entails removal of 
adjacent organs that have the highest risk of containing cancer outside of the blad-
der. In males, this includes the prostate and seminal vesicles, and in females, the 
uterus, cervix, ovaries, fallopian tubes, and anterior vaginal wall. However, given 
the significant sexual dysfunction that occurs with this technique, select patients 
who desire preservation of sexual function may be eligible for sexual function pre-
serving procedures, as long as cancer control is not compromised [33]. Potential 
candidates for sexual function preserving techniques should have organ-confined 
disease without involvement of the bladder neck, urethra, and prostate and no pre-
existing erectile dysfunction (ED). Damage to the neurovascular bundle can lead to 
ED in men; thus, prostate-sparing and nerve-sparing approaches have been studied, 
though robust data on safety of these approaches is lacking [34]. Men with a suspi-
cion of prostate adenocarcinoma (i.e., elevated prostate-specific antigen) should not 
have prostate-sparing surgery. In women, a vaginal sparing RC can be considered in 
certain instances, such as absence of tumor in the trigone or bladder base [35]. The 
effectiveness of nerve-sparing surgery in women to prevent vaginal dryness and 
dyspareunia has not been established.

 Approaches

Surgical approaches to RC include open, laparoscopic, and robotic. Many high- 
volume bladder cancer centers utilize a minimally invasive or robotic approach, but 
currently, there is insufficient evidence to recommend for or against robotic cystec-
tomy. Several small RTs and observational and systemic reviews have found that 
robotic cystectomy is associated with longer operative time, higher cost, less intra-
operative blood loss, and no significant difference in major postoperative complica-
tions [36]. One single-center RCT compared open with robotic cystectomy in 118 
patients. At postoperative day 90, grade 2–5 complications were observed in 62% of 
patients in the robotic arm and 66% of patients who had an open RC [37]. There 
were no significant differences in length of stay, patient-reported quality of life, or 
pathologic outcomes. The robotic cohort had less intraoperative blood loss but lon-
ger operative time than the open cohort. The RAZOR trial is a non-inferiority study 
that randomly assigned 350 patients to either robotic or open cystectomy. The aim 
of this trial was to compare PFS in patients treated with open or robotic cystectomy 
[38]. Two-year PFS was 71.6% (95% CI, 63.6–78.2) in the open group and 72.3% 
(95% CI, 64.3–78.8) in the robotic group (difference, 0.7%, 95% CI, −9.6–10.9%, 
p  =  0.001), demonstrating non-inferiority of robotic cystectomy. The decision 
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whether or not to use an open or robotic technique should take into account surgeon 
experience and individual patient variables. Relative contraindications to minimally 
invasive surgery include prior abdominal or pelvic radiation due to potential for 
scarring and adhesions, abdominal hernia repair with mesh, colon resection that 
may limit the selection of urinary diversion, and obesity due to body size in relation-
ship to the length and configuration of the laparoscopic instruments [39]. Trials 
comparing long-term cancer control rates will be helpful in gathering more data 
about open versus minimally invasive cystectomy.

 Perioperative Teaching

Patients who smoke should undergo smoking cessation counseling prior to RC. In 
addition to the known health benefits of smoking cessation, patients who stop smok-
ing prior to RC have a reduced risk of postoperative complications (e.g., wound 
healing, infection) and improved long-term oncologic control [40]. Patients may 
also benefit from a preoperative nutritional assessment. Preoperative malnutrition is 
associated with increased risk of postoperative mortality for patients undergoing 
major surgery. In a study of 538 patients undergoing RC, 103 patients (19%) met 
criteria for malnutrition, which included preoperative albumin less than 3.5 gm/dl, 
body mass index (BMI) less than 18.5 kg/m2, or weight loss greater than 5% of body 
weight [41]. The 90-day mortality rate was 7.3% (39 deaths), 16.5% in patients 
identified as having a nutritional deficiency and 5.1% in patients without nutritional 
deficiency. There are no consensus recommendations for referral to a registered 
dietitian, and more prospective studies are needed in order to determine the best 
markers of preoperative malnutrition.

 Select Surgical Complications

Prior to RC, patients should be educated about potential short- and long-term com-
plications. Patients should also be counseled on the impact of age and gender as they 
relate to postoperative complications. Older patients and women experience higher 
complication rates compared to younger patients and men [29]. It is important for 
providers to establish realistic expectations with patients with regard to postoperative 
pain, expected length of stay in the hospital, and return to baseline functional status.

Postoperative ileus (POI) is the most commonly reported postoperative compli-
cation and is usually defined as delay of return of bowel function greater than 4 days 
[42]. Symptoms of POI include abdominal pain, abdominal distention, nausea, and 
vomiting. Eliminating preoperative mechanical bowel preparation and fasting prior 
to surgery with early nutritional support have shown some positive impact on bowel 
activity. This approach means that patients are less likely to be volume depleted on 
the day of surgery and require less aggressive intraoperative fluid resuscitation [43]. 
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Patients should ambulate early in the postoperative setting, and normal electrolyte 
levels should be maintained. Management of POI is usually conservative but may 
require nasogastric tube decompression in cases of severe pain or prolonged ileus. 
Bowel obstruction can be ruled out with a CT scan. Thromboembolic events (e.g., 
deep vein thrombosis [DVT] and pulmonary embolism [PE]) are potentially life- 
threatening complications of major pelvic surgery. Signs of DVT include calf ten-
derness and edema. Prevention strategies include early ambulation; use of lower 
extremity compression stockings or sequential compression devices in the preop-
erative holding area through 72 hours postop; and use of prophylactic low- molecular- 
weight heparin (LMWH) [44]. There is evidence to suggest that continuing LMWH 
for up to 4 weeks in the perioperative setting may be beneficial [45].

 Urinary Diversions

Following radical cystectomy, the lower urinary tract is reconstructed, and urinary 
flow is redirected through either an incontinent or continent urinary diversion. 
Continent urinary diversions (CUDs) can be further subdivided into orthotopic and 
nonorthotopic diversions. Factors that influence choice of urinary diversion include 
patient and surgeon preference, extent of cancer, comorbidities, and renal function, 
among others. It is imperative that providers obtain and clarify the patient’s expecta-
tions prior to undergoing a urinary diversion and extensively counsel patients about 
the advantages and disadvantages of each type of diversion.

 Incontinent Diversion

An incontinent urinary diversion is a surgical conduit constructed from a segment of 
terminal ileum. The ureters are connected to the proximal end of the bowel segment, 
and urine is diverted through peristalsis from the upper tracts through the abdominal 
wall stoma, where it drains into an external urostomy. Ileal conduits (IC) have 
become the gold standard of incontinent diversions given the relatively straightfor-
ward surgical technique and lower complication risks than other incontinent diver-
sions [46]. The formation of an IC also tends to have the shortest operative time 
when compared to other types of diversions [25].

Oftentimes, IC is chosen for patients who have significant comorbidities in order 
to reduce risk of postoperative complications. Because of the tendency of patients 
who undergo IC to have higher risk factors than patients who are healthier and 
undergo a continent diversion, rate of surgical complications between the two 
groups may be similar [47]. Common complications associated with IC include 
renal dysfunction, bowel complications (e.g., ileus, obstruction, and anastomotic 
leak), stomal problems, urinary tract infections (UTIs), ureteral obstruction, ure-
teroenteric anastomotic obstruction, and urolithiasis [46].
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Stomal complications may be seen in upwards of 50% of patients who undergo 
IC and can be related to surgical technique, location of the stoma, lifestyle factors 
that impair subcutaneous healing (e.g., smoking, alcohol abuse), and obesity [48]. 
Complications related to the stoma include stomal retraction, stenosis, and less 
likely obstruction, necrosis, and prolapse [49]. A parastomal hernia (PH) is an inci-
sional hernia related to an abdominal wall stoma and is one of the most common 
stomal related complications. One retrospective study of 433 patients found the risk 
of developing a PH following RC with IC creation was 27% (95% CI, 22–32%) at 
1 year and 48% (95% CI, 42–55%) at 2 years [50]. Risk factors for developing PH 
include higher BMI, female gender, and lower preoperative albumin.

Generally, the terminal 10–15  cm of ileum is preserved in order to maintain 
adequate absorption of vitamin B12, fat-soluble vitamins, and bile salts [47]. 
Nonetheless, metabolic complications such as electrolyte abnormalities and vitamin 
deficiencies can be seen as a result of malabsorption. The incidence of vitamin B12 
deficiency after IC is not well documented, but patients should be monitored for 
symptoms. Ileal diversions are associated with an increased risk of hyperchloremic- 
hypokalemic metabolic acidosis, though severity is lessened in newer reconstructive 
procedures that decrease the amount of time that urine is in contact with bowel 
mucosa [51]. Patients should have lab work checked periodically to evaluate for 
acidosis, which is usually treated with sodium bicarbonate (NaHCO3).

Patients should have the opportunity to meet with an enterostomal nurse prior to 
his or her cystectomy in order to receive additional education about IC and to be 
marked for the stoma. An enterostomal nurse will also follow the patient after RC in 
the hospital and at postoperative visits for appliance fitting and additional teaching. 
In addition, enterostomal nurses are experts in educating patients about body image 
issues, problem-solving around leaking and appliance fitting, and treating skin 
breakdown around the stoma. It is important for patients with ICs to be taught about 
symptoms of a urinary tract infection (e.g., fever, chills, and flank pain) and to not 
accept antibiotics in the absence of symptoms and a positive urine culture.

 Continent Urinary Diversions

 Orthotopic Diversion

Orthotopic diversions (ODs) are created of detubularized bowel, formed into a 
pouch to which the ureters are rerouted, and anastomosed to the native urethral 
stump. The most commonly used OD is the ileal orthotopic neobladder (ONB), 
which is created from 40 to 50 cm of terminal ileum [46]. Unlike an IC with stoma, 
the ONB allows preserved body image and allows for more natural volitional void-
ing that relies on the external striated sphincter [47].

Neobladders are ideal for patients who are interested in maintaining physical 
appearance by avoiding a stoma or ostomy appliance, as it most closely resembles 
the storage function of a urinary bladder. ODs also allow for a more “normal” 
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voiding pattern after a period of postoperative rehabilitation, where patients must 
learn to contract his or her abdominal muscles in order to empty the ONB. In gen-
eral, surgery is longer and more technically challenging for patients who undergo 
ONB creation and is associated with higher complication rates and prolonged post-
operative catheterization [52]. Since advanced age has been associated with higher 
complication rates, ONBs are usually performed in healthier, younger patients, 
though physiologic age seems to be more closely associated with outcomes than 
chronological age. As such, there is no age-related absolute contraindication to 
ONB. Instead, providers should take into consideration performance status, surgical 
fitness, and motivation when evaluating candidacy for ONB [53].

It is important to recognize both absolute and relative contraindications to conti-
nent urinary diversions. Absolute contraindications include the following: insuffi-
cient bowel length; poor motor function and/or psychological issues that limit the 
ability to self-catheterize; inadequate renal or hepatic function that would increase 
the risk of metabolic abnormalities; and uncorrectable urethral stricture. An abso-
lute contraindication specific to ONB is a positive urethral margin [47]. Relative 
contraindications to CUDs include the following: advanced age, multiple comor-
bidities, prior pelvic radiation, bowel disease, and need for adjuvant chemotherapy. 
Relative contraindications specific to ONB include extensive local disease with soft 
tissue extension and high risk of local recurrence, neurologic diseases that impair 
continence, and planned adjuvant radiation [46].

Early complications of ONB are usually related to the RC and not the diversion 
itself. Urine leaks are more common in ODs given the multiple suture lines, tapered 
limbs, and anti-incontinence mechanisms that increase the operative time [47]. 
Urine leaks are usually managed with catheter drainage. In cases that cannot be 
managed conservatively, percutaneous nephrostomy (PCN) tubes or drain place-
ment may be necessary. The most common late complications associated with ODs 
include urinary incontinence (UI), hypercontinence, UTIs, urethral stricture, uroli-
thiasis (including calculi in the pouch), and pouch rupture [54].

Urinary incontinence following ONB is common and may last up to 6 months after 
RC. However, there are patients who experience some degree of permanent daytime 
and/or nighttime UI.  Daytime continence is usually recovered more quickly than 
nighttime continence. Daytime UI is a consequence of reduced urethral outlet resis-
tance heightened by low ONB capacity, diminished compliance, or elevated ONB 
pressure. Nighttime UI is a result of diminished or absent sensation that allows dis-
proportionate nocturnal volumes to overcome the impaired continence mechanisms 
of the bladder outlet, coupled with the loss of physiological storage reflexes. A review 
of over 2000 patients with ONB found that 13% reported daytime UI and 15–40% 
experienced nocturnal enuresis [55]. Urinary retention requiring clean intermittent 
catheterization (CIC) can affect 16–25% of patients with ONBs, which is why it is 
imperative that patients be willing to learn CIC. Techniques to prevent voiding dys-
function include using an adequate length of bowel, avoiding pelvic floor injury, using 
an appropriate urethral length, and positioning the neobladder neck in the most depen-
dent portion of the pelvis. Time voiding every 3–4 hours during the day and setting an 
alarm clock to awaken at least twice during the night may be helpful strategies [55].
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Patients who undergo ONB must be willing to commit to intensive neobladder 
training early in the postoperative period. In the immediate postoperative setting, an 
indwelling catheter will remain in the neobladder to allow for healing. Scheduled 
flushing of 100  mL of normal saline every 8 hours reduces the risk of catheter 
obstruction. Two to 3 weeks after surgery, a cystogram should be performed to 
assess for leaking [56]. Strategies to teach patients to help with emptying their ONB 
include sitting, relaxing the sphincter and pelvic floor muscles, and using Valsalva. 
Leaning forward or exerting gentle pressure over the lower abdomen can increase 
intra-abdominal pressure and assist with more complete emptying. Another impor-
tant consideration is gradual increase in ONB capacity from 150–200 mL initially 
to 400–500 mL in the longer term. Voiding every 2–3 hours during the day and 
every 3 hours during the night can help with this [57]. These intervals can be gradu-
ally increased with a goal of voiding every 5–6 hours during the day and once at 
night. Failing to be compliant with recommendations for neobladder training may 
result in increased risk of complications such as UI, retention, and bladder stones.

 Nonorthotopic Diversion

Continent cutaneous urinary diversions (CCUDs) are nonorthotopic reservoirs that 
use a low-pressure pouch created from detubularized bowel with either ileum or the 
right colon, which includes a piece of aperistaltic bowel with a functional mecha-
nism that prevents involuntary urine flow. These reservoirs differ depending on the 
type of valve and catheterizable stoma created and segment of intestine used [47]. 
The ureters are connected to the bowel segment, and the distal bowel terminates in 
a stoma within the umbilicus or lower abdomen. The stoma is small and does not 
require an external drainage bag and instead can be covered with a bandage. CCUDs 
must be catheterized every 4–6 hours in order to empty the urine from the reservoir 
and prevent buildup of mucus. As such, patients must be able to self-catheterize the 
stoma. Types of catheterizable CCUDs include the Indiana, Kock, and Miami 
pouches, among others.

Continent cutaneous urinary diversions have largely been replaced by ONBs, but 
some patients prefer this approach, especially if they are not candidates for ONB 
and wish to avoid an IC. CCUDs have the same absolute contraindications as ONBs, 
minus the ones previously mentioned as specific to ONB. Preoperative education is 
crucial for these patients, as the importance of compliance with a catheterization 
schedule cannot be overemphasized. Failure to maintain a strict CIC schedule can 
result in pouch rupture, UTIs, upper tract deterioration, stomal stenosis, and calculi 
[46]. In a similar fashion to the ONB, CCUDs require postoperative indwelling 
catheter followed by cystogram and pouch cycling.

The risk of UI is less than with ONB, ranging from 2% to 10% [58]. This benefit 
should be weighed against the disadvantage of longer operative time and lifelong 
around-the-clock catheterization. The most common complications include urine 
leaks, difficulty with catheterization, and pouch calculi. Less common complica-
tions include recurrent UTIs, small bowel obstruction, pouchitis, and anastomotic 
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strictures. Most of these complications do not require major intervention and can be 
managed conservatively [49].

A primary reason that patients desire a CUD, either orthotopic or nonorthotopic, 
is for preservation of “normal” body image and better quality of life (QoL). Defining 
QoL is highly subjective. There have been some reports that have noted improve-
ments in specific health-related quality of life (HRQoL) areas; there are few formal 
studies that have demonstrated improvement in overall HRQoL [47]. While some 
studies have reported better HRQoL outcomes with ONBs than other diversions, 
most studies show that patients who are well counseled about their diversion have 
equivalent levels of satisfaction [59].

The main goals in selecting a type of urinary diversion is to attain a high QoL and 
low complication rates. The decision-making process can be complex and over-
whelming for patients. While patient preference is important, providers must also 
take into consideration comorbidities, functional status, and absolute and relative 
contraindications when counseling patients on the optimal urinary diversion. 
Establishing realistic expectations prior to surgery regarding diversion-specific 
risks, side effects, postoperative rehabilitation, and long-term care is critical. In 
addition, it is important to recognize that each type of diversion is associated with 
its own learning curve and lifestyle adjustment, which can vary drastically between 
patients.

 Posttreatment Survivorship

A diagnosis of cancer can be a life-changing experience. Cancer survivors have 
unique health needs given the risks of long-term side effects of cancer treatments, 
the risk of recurrence, and the risk of secondary cancers. Patients may report a feel-
ing of loss of control. Talking to patients about things over which they can take 
control to improve their overall health can be helpful during times of uncertainty. 
Examples include maintaining a balanced diet, incorporating physical activity in 
daily routines, getting restorative sleep, tobacco cessation, minimal alcohol con-
sumption, and following up with health-care providers as directed. A small study of 
30 patients examined the unmet needs of patients with MIBC who underwent RC 
[60]. Prior to RC, unmet informational needs consisted of insufficient discussion 
related to urinary diversions, self-care, recovery, and health insurance. Postoperative 
unmet needs included physical recovery and instrumental needs. In the 6–72 months 
after surgery, unmet needs centered around psychological concerns (e.g., depres-
sion, body image, sexual dysfunction) and support adjusting to the new normal. 
Providers can encourage participation in support groups, whether in-person or 
online, and refer to a mental health specialist if patients disclose difficulty with cop-
ing or other emotional or psychological concerns. In addition to assessing for long- 
term side effects from treatment, posttreatment survivorship visits consist of 
monitoring for cancer recurrence. Providers should reiterate the importance of com-
pliance with follow-up to include diagnostic tests (e.g., radiographic tests, labs, 
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urine cytology) and office visits. Recommendations for surveillance schedules can 
be found at the National Comprehensive Cancer Network (NCCN) website. A 
Survivorship Care Plan (SCP) can serve as a useful tool to outline aspects of the 
treatment and surveillance plan as well as provide information about support 
organizations.

 Summary

Bladder cancer is one of the most common cancers in the world, affecting mostly 
older people, which can pose unique challenges if patients have preexisting medical 
comorbidities. Treatment of muscle-invasive bladder cancer requires a multidisci-
plinary team approach including urologists, medical oncologists, radiation oncolo-
gists, advanced practice providers, nurses, dietitians, social workers, etc. It is 
imperative that patients are educated about their treatment options, potential early 
and late side effects of treatment, and importance of posttreatment surveillance.
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Clinical Pearls
• The standard of care for muscle-invasive bladder cancer is radical 

cystectomy.
• Alternative treatment for those patients who refuse radical cystectomy or 

who are not good surgical candidates includes radiation and chemotherapy.
• Patients who are to undergo a radical cystectomy should be considered for 

neoadjuvant chemotherapy.
• Immunotherapy treatment with checkpoint inhibitors has shown much 

improved outcomes when given in the neoadjuvant setting.
• Continent diversion should be reserved for relatively healthier, younger, 

and motivated patients.
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Chapter 15
Chemoradiation Bladder Preservation

Adele Marie Caruso and Thomas Joseph Guzzo

 Indications and Mechanisms

Bladder cancer is the ninth most common cancer in the world [1]. In the United 
States, it is estimated that there will be 81,400 new bladder cancer cases and an 
estimated 17,980 cancer-specific deaths [2]. Twenty to 30% of these individuals 
will have muscle-invasive bladder cancer (MIBC). The survival rate at 5  years 
approaches zero when muscle-invasive disease is left untreated [3].

Chemoradiation is a potential treatment option for muscle-invasive bladder can-
cer for low-volume focal disease or limited disease, those individuals who desire 
bladder preservation, or those who are medically unfit for cystectomy. Ideal candi-
dates are patients with an organ-confined solitary tumor, therefore without multifo-
cal disease, or carcinoma in situ, hydronephrosis, or mixed histology [4]. Renal 
function is also a consideration as part of the selection criteria and choice of chemo-
therapy regimens as the prevalence of renal insufficiency is high in this patient 
population.

Trimodal therapy (TMT) is the most supported chemoradiation bladder preserva-
tion approach. In the setting of TMT, chemotherapy is administered concurrently 
with radiation therapy (RT) as a radiosensitizer. Long-term outcomes of the BC2001 
phase III trial have shown that MIBC patients treated with radiation plus concurrent 
5FU + mitomycin had higher cancer-specific survival, locoregional disease control, 
and lower rate of salvage cystectomy compared to those treated with RT alone with 
a median follow-up of 18 months [5–7]. There is no level 1 evidence comparing 
radiosensitizing chemotherapy agents. Most of the clinical trials have used either 
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cisplatin alone or in combination with 5FU and mitomycin or paclitaxel [8]. 
Gemcitabine is well tolerated and also associated with good oncologic outcomes. 
Gemcitabine is useful when nephrotoxicity is a concern and patients do not have 
adequate renal function to receive cisplatin safely. Overall, cisplatin, gemcitabine, 
and 5-FU/mitomycin are effective options as radiosensitizers in patients treated 
with TMT.

RT alone, although seldom used as a single modality option, may play a curative 
role in patients who are frail and with multiple comorbidities which preclude the use 
of chemotherapy.

In selected patients, transurethral resection of bladder tumor (TURBT) alone is 
capable of curing some invasive bladder tumors [9]. Chemotherapy alone for those 
who have not gone on to cystectomy due to other comorbidities or by patient choice 
has shown that a percentage of these individuals can achieve P0 status. The durabil-
ity of this effect is still uncertain [10].

Patient selection for TMT eligibility constitutes two groups: those that are the 
ideal TMT patient and the non-ideal TMT patient. The ideal TMT candidate is 
defined as one who has T2N0M0 cancer, underwent a visibly complete TURBT, has 
a unifocal tumor, is without hydronephrosis or carcinoma in situ (CIS), and has 
good baseline bladder function. A non-ideal TMT candidate is defined as one who 
has T3-T4a, N0M0 cancer, has diffuse multifocal disease, and has hydronephrosis 
and CIS. Variant histology (other than urothelial cell carcinoma) has not been asso-
ciated with response to TMT or survival [11].

Two strategies for TMT include a continuous course of trimodal treatment, gen-
erally the method of choice, and a split course of trimodal treatment. The continu-
ous strategy employs a maximal safe TURBT followed by continuous radiation 
therapy and cystoscopic evaluation with biopsy performed at 6  months after the 
completion of therapy to allow time for and assess adequate response. The split 
course approach was developed within the Radiation Therapy Oncology Group 
(RTOG) and involves a maximal safe TURBT, induction chemoradiotherapy, radia-
tion to 40Gy, mid-treatment restaging, and ultimately consolidation chemoradio-
therapy to 64Gy [12].

Complications of bladder preservation regimens or TMT include adverse effects 
from radiation therapy as related to urinary, bowel, and sexual function. Acute geni-
tourinary and gastrointestinal toxicity can occur in 30–40% of patients. However, 
many of these symptoms resolve within a few months in most patients [13].

Patients who receive TMT and experience recurrent or persistent MIBC should 
proceed to salvage cystectomy. Salvage cystectomy is reserved for patients that fail 
TMT or those with greater than or equal to T1 recurrence post-treatment. In these 
cases, neobladder reconstruction is generally avoided due to technical difficulties 
and an increase in functional complications. The data is less clear for non-muscle- 
invasive recurrence. Patients may be treated in the usual fashion with intravesical 
therapies reserved for that stage of the disease.
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 Quality of Life

Maintenance of bladder function and the goal of treatment response is key in choos-
ing a management strategy. TMT is an alternative to mitigate bladder cancer under-
treatment [14]. Often, those patients with ≥T2 disease only undergo repeat 
TURBT.  While effective for low-volume disease, it is palliative in most cases. 
Additionally, for those patients suited for TMT, it allows for adequate therapy while 
avoiding the complications associated with cystectomy. The benefit of this alterna-
tive to surgery is maintaining a functional genitourinary system with better urinary 
and sexual quality of life (QOL). Preservation of QOL is often a motivating factor 
for patients in choosing TMT.

 Algorithms

See Fig. 15.1. Algorithm for Trimodal Therapy – Continuous Course.
See Fig. 15.2. Algorithm for Trimodal Therapy – Follow up.
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Fig. 15.1 Algorithm for Trimodal Therapy – Continuous Course
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 Survivorship

Survivorship encompasses a combination of established guidelines and a personal-
ized plan. Additionally, close surveillance of the upper tracts and bladder is required. 
There is the also burden of recurrent disease and also that of bladder dysfunction. 
The surveillance pathway involves regular clinic visits, cross-sectional imaging, 
and cystoscopic examination on a 3-month basis for the first 2 years and then on a 
6-month schedule for the next 3 years, sometimes a negotiation with the patient. At 
the end of 5 years, an annual clinic visit with physical examination is recommended 
[15]. Survivorship care is managed collaboratively by the genitourinary disciplines 
inclusive of urologists, medical oncologists, radiation oncologists, and advanced 
practice providers.

 Future Directions

Currently, there are no established tumor markers for radio responsiveness. As they 
emerge, they may provide some insight in selecting patients for TMT. Checkpoint 
inhibitors are a new approach in the treatment of genitourinary cancers. The use of 
checkpoint inhibitors is being readily incorporated in the treatment of metastatic 
bladder cancer as second-line therapies and for platinum-ineligible patients. Future 
trials are anticipated to evaluate TMT with immune checkpoint inhibition.
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Fig. 15.2 Algorithm for Trimodal Therapy – Follow up
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Chapter 16
Metastatic Bladder Cancer and the Use 
of Cisplatin Chemotherapy

Patrick Mille and Janice Carsello

 Introduction

Bladder cancer accounted for 4.6% of all cancer diagnoses and 2.9% of cancer- 
related deaths in the United States in 2019. Approximately 2.4% of men and women 
will be diagnosed with bladder cancer during their lifetime [1]. While only 5% of 
new bladder cancer patients present with metastatic disease at the time of diagnosis, 
nearly 25% will develop locally advanced or metastatic disease during the course of 
their illness. Without treatment, patients with metastatic bladder cancer (MBC) 
have a life expectancy of approximately 3–6 months [2]. The last decade has seen 
rapid development of new treatment options for these patients. This expanded arse-
nal now includes FDA-approved checkpoint inhibitors, fibroblast growth factor 
receptor inhibitors, and antibody-drug conjugates. However, multidrug cisplatin- 
containing regimens remain the preferred first-line treatment option.

 Diagnosis/Initial Evaluation

The initial evaluation for locally advanced and/or metastatic bladder cancer requires 
collaboration between a multidisciplinary team comprised of specialists in urology, 
medical oncology, radiation oncology, pathology, and radiology [3]. Tissue must be 
obtained via cystoscopy or biopsy of a metastatic site. This serves to confirm the 
diagnosis and to provide tissue for molecular, genomic, and programmed death- 
ligand 1 (PD-L1) characterization, which is increasingly important in guiding ther-
apy. Initial imaging should include contrast-enhanced chest and abdominal and 
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pelvic computed tomography (CT) or magnetic resonance imaging (MRI) if there is 
renal compromise. A nuclear medicine bone scan should be considered for those 
patients with elevated alkaline phosphatase or bony pain. A neurological history and 
examination should also be performed and neuro-imaging considered if any neuro-
logic symptom is identified. The initial imaging evaluation allows for accurate stag-
ing and documents baseline index lesions that can subsequently be followed to 
assess treatment response.

 Treatment Selection

Although cisplatin-containing regimens are our preferred first-line treatment, select-
ing the patients most likely to benefit from their use has remained a challenge. A 
2011 consensus statement by Gaslky et al. remains the standard used to identify 
cisplatin-eligible patients [4]. These criteria, which are applied in clinical trial 
design and in clinical practice, require a thorough evaluation of medical comorbidi-
ties, determination of the patient’s functional performance status, assessment of 
renal function, and presence of pretreatment neuropathy and hearing loss. Patients 
are deemed ineligible for cisplatin-based chemotherapy if one or more of the criteria 
listed in Table 16.1 are met.

Using the above criteria, as many as 50% of patients with MBC are considered 
cisplatin ineligible [5, 6]. Eligible patients should receive multidrug cisplatin-based 
chemotherapy as the standard approach [1, 3, 7]. While numerous cisplatin- 
containing regimens have been evaluated, two have become established as preferred 
first-line options (Table 16.2) [2, 8].

 Treatment-Related Toxicities

Chemotherapeutic agents primarily exert their anticancer effects by disrupting can-
cer cells’ cellular division machinery. It is the increased rate of replication and rapid 
division in cancer cells that make them more susceptible to chemotherapy than nor-
mal tissue. However, the cellular machinery of rapidly dividing cells in healthy 

Table 16.1 Criteria for determining ineligibility for cisplatin-based treatment

Eastern Cooperative Oncology Group (ECOG) performance status of 2 or Karnofsky 
Performance Status of 60–70%
Creatinine clearance (calculated or measured) <60 ml/min
Common Terminology Criteria for Adverse Events (CTCAE) Gr ≥2 audiometric hearing loss
CTCAE Gr ≥2 peripheral neuropathy
New York Heart Association class III heart failure

Galsky et al. [5]
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tissue (e.g., bone marrow, epithelial lining) may be similarly affected. Toxicities 
commonly seen with cisplatin-containing regimens include myelosuppression (e.g., 
anemia, thrombocytopenia, leukopenia), renal failure, neurotoxicity, gastrointesti-
nal side effects (mucositis, nausea, vomiting), and hearing loss and are detailed in 
Table 16.3.

Chemotherapy-induced cytopenias are frequently encountered during treatment 
with multidrug cisplatin-containing regimens. Patients should have a complete 
blood count (CBC) prior to each therapeutic cycle. Clinical exam should focus on 
signs of infection, severe anemia, and signs of bleeding or bruising. Dose modifica-
tions or therapy delays are indicated if patients experience significant myelosup-
pression. Growth factor can be used at the discretion of the ordering clinician, 
although it is required with DDMVAC as rates of neutropenia exceed 20% [10]. 
Transfusion support with platelets and packed red blood cells may also be needed. 
Vigilance for rare but serious hematologic complications such as thrombotic throm-
bocytopenic purpura or hemolytic-uremic syndrome is important, as these can be 
seen in patients receiving gemcitabine. These conditions manifest with microangio-
pathic hemolytic anemia and renal dysfunction. With close surveillance of blood 
counts, most patients are able to safely complete chemotherapy. Patients who are 
receiving chemotherapy should be counseled to seek immediate evaluation for any 
concerning symptom, including temperature greater than 100.4 °F, rigors, bleeding, 
or unexplained bruising.

Cisplatin-related nephrotoxicity is a well-described multifactorial phenomenon. 
Cisplatin can cause tubular injury, thrombotic microangiopathy, distal renal tubular 
acidosis, and most commonly electrolyte wasting (hypomagnesemia). Patients 
receiving cisplatin require serial serum creatinine and electrolyte measurements. 
Adequate pre- and post-hydration are essential to reduce rates of nephrotoxicity. 
Electrolyte replacement with oral or intravenous agents should be used judiciously. 
Dose modifications or treatment delays are essential to preventing permanent dam-
age if a change in renal function is identified. Patients should additionally be 

Table 16.2 Systemic therapy for metastatic bladder cancer

Regimen Schedule

Gemcitabine and cisplatin Days 1, 8, and 15: Gemcitabine
Day 2: Cisplatin
Repeat every 4 weeks for a maximum of 6 cycles

DDMVAC with growth factor support Day 1: Methotrexate
Day 2: Vinblastine + Adriamycin + cisplatin
Day 4: G-CSFa daily for 7 consecutive days (days 4–10)
Repeat cycle every 2 weeks for 6 cycles
  OR
Day 1: Methotrexate
Day 2: Vinblastine + adriamycin + cisplatin
Day 3: G-CSFa daily for 5 consecutive days (days 3–7)
Repeat cycle every 15 days for 6 cycles

aGranulocyte-colony-stimulating factor is used to prevent or mitigate neutropenia
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Table 16.3 Commonly occurring MBC chemotherapy treatment toxicities [9]

Adverse 
event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Anorexia Loss of appetite 
without 
alteration in 
eating habits

Oral intake 
altered without 
significant 
weight loss or 
malnutrition; 
oral nutritional 
supplements 
indicated

Associated with 
significant weight 
loss or 
malnutrition (e.g., 
inadequate oral 
caloric and/or 
fluid intake); IV 
fluids, tube 
feedings or TPN 
indicated

Life- 
threatening 
consequences

Death

Constipation Occasional or 
intermittent 
symptoms; 
occasional use of 
stool softeners, 
laxatives, dietary 
modification, or 
enema

Persistent 
symptoms with 
regular use of 
laxatives or 
enemas as 
indicated

Symptoms 
interfering with 
ADL; obstipation 
with manual 
evacuation 
indicated

Life- 
threatening 
consequences 
(e.g., 
obstruction, 
toxic 
megacolon)

Death

Diarrhea Increase of <4 
stools per day 
over baseline; 
mild increase in 
ostomy output 
compared to 
baseline

Increase of 4–6 
stools per day 
over baseline; 
IV fluids 
indicated 
<24 hours; 
moderate 
increase in 
ostomy output 
compared to 
baseline; not 
interfering with 
ADL

≥7 or more stools 
per day over 
baseline; 
incontinence; IV 
fluids ≥24 hours; 
hospitalization; 
severe increase in 
ostomy output 
compared to 
baseline; 
interfering with 
ADL

Life- 
threatening 
consequences 
(e.g., 
hemodynamic 
collapse)

Fatigue
(asthenia, 
lethargy, 
malaise)

Mild fatigue over 
baseline

Moderate or 
causing 
difficulty 
performing 
some ADL

Severe fatigue 
interfering with 
ADL

Disabling --

Hearing – Hearing loss 
not requiring 
hearing aid or 
intervention 
(i.e., not 
interfering with 
ADL)

Hearing loss 
requiring hearing 
aid or intervention 
(i.e., interfering 
with ADL)

Profound 
bilateral 
hearing loss 
(>90 dB)

--
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counseled to avoid nephrotoxic agents like nonsteroidal anti-inflammatory drugs 
(NSAIDs) [11].

Chemotherapy-induced peripheral neuropathy (CIPN) is common and can 
have a profound impact on quality of life and survivorship [12]. Cisplatin is 
among the agents with the highest prevalence of CIPN, reported to be as high as 
68%, and its occurrence is dose dependent and cumulative [13]. CIPN has a dis-
tinct pattern of symmetrical peripheral neuropathy in the hands and feet known 
as the “stocking and glove distribution” [14]. Symptoms are generally sensory 
with preserved motor function and typically improve with discontinuation of 
therapy. Cisplatin-related CIPN may develop weeks after therapy and may persist 
for months after chemotherapy has been discontinued. Though most patients see 
an improvement in symptoms, recovery from cisplatin-induced CIPN is often 
incomplete. Physical therapy and rehabilitation can improve posture and balance. 
Pharmacologic treatment using duloxetine, pregabalin, or gabapentin is endorsed 
by the American Society of Clinical Oncology, but effectiveness is limited [14]. 
Appropriate assessment and prompt recognition are critical to mitigating long-
term neurotoxicity. Additionally, oncologic outcomes may be impacted by dose 

Table 16.3 (continued)

Adverse 
event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Nausea Loss of appetite 
without 
alteration in 
eating habits

Oral intake 
decreased 
without 
significant 
weight loss, 
dehydration, or 
malnutrition; 
IV fluids 
indicated

Inadequate oral 
caloric or fluid 
intake; IV fluids, 
tube feedings, or 
TPN indicated

Life- 
threatening 
consequences

Death

Sensory 
neuropathy
(CIPN)

Asymptomatic: 
loss of deep 
tendon reflexes 
or paresthesia 
(including 
tingling) but not 
interfering with 
function

Sensory 
alteration or 
paresthesia 
(including 
tingling), 
interfering with 
function but not 
interfering with 
activities of 
daily living

Sensory alteration 
or paresthesia 
interfering with 
activities of daily 
living

Disabling Death

Vomiting 1 episode in 
24 hours

2–5 episodes in 
24 hours; IV 
fluids indicated

≥6 episodes in 
24 hours; IV 
fluids or TPN 
indicated

Life- 
threatening 
consequences

Death
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reductions or premature discontinuation of treatment [15]. Treatment plan 
changes are always made after comprehensively weighing the risks of treatment-
mediated side effects against the benefits of continuing to administer the cyto-
toxic agent.

Cisplatin is highly emetogenic. Proactive antiemetic support including premedi-
cation with steroids (e.g., dexamethasone), serotonin receptor antagonist (e.g., 
ondansetron), and neurokinin-1 receptor antagonist (e.g., aprepitant) is recom-
mended to ensure tolerability of the regimen [16]. Oral antiemetics (e.g., ondanse-
tron, prochlorperazine) should be empirically prescribed. Furthermore, patients are 
encouraged to promptly report symptoms that do not respond to oral agents as rehy-
dration and intravenous antiemetic support may be required.

Even with excellent control of nausea and vomiting, anorexia is a common 
treatment- related side effect and can be challenging to manage. MBC patients are at 
high risk for malnutrition because both the disease and treatment pose a threat to 
nutritional status [17]. Patients should be encouraged to eat small meals on a more 
frequent schedule. Breaking up a large meal into smaller sections and eating some-
thing every 2–3 hours is an effective way to maintain adequate caloric intake. 
Nutritional supplements are recommended for patients as a complement to meals 
and not a replacement whenever possible [13]. When severe, pharmacologic inter-
ventions are warranted.

Fatigue, asthenia, and malaise are among the most commonly reported chemo-
therapy treatment side effects. Psychological intervention and/or increased physical 
activity have a positive impact on cancer and treatment-related fatigue. Pharmacologic 
treatments are often ineffective and are not recommended [18].

Pretreatment physical assessment along with a comprehensive review of systems 
and side effects (ROSS) should occur before each chemotherapy treatment com-
mences. Recent laboratory values should be evaluated prior to treatment. 
Chemotherapy doses may be reduced depending upon the results of the physical 
examination, ROSS, and/or laboratory test results.

 Monitoring Disease Response

Periodic surveillance imaging should be obtained at regular intervals to assess for 
disease response. Contrast-enhanced CT of the chest, abdomen, and pelvis and MRI 
with and/or without contrast for patients with renal dysfunction remain the modali-
ties of choice. Clinical trials, second-line therapies, and best supportive care should 
be promptly discussed if disease progression is identified. Fortunately, there are a 
growing number of treatment options for patients with disease progression on a 
cisplatin-based regimen.
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Clinical Pearls
• Cisplatin-based chemotherapy regimens remain the standard first-line 

treatment for advanced or metastatic bladder cancer.
• Identifying a patient as cisplatin eligible continues to be a challenge.
• As a general rule, cisplatin-ineligible patients are those patients who have 

any one or more of the following: poor performance status, poor renal 
function, hearing loss, existing neuropathy, and heart disease.

• Patients who are placed on a cisplatin-based chemotherapy regimen must 
be monitored closely for treatment-related toxicities.
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Chapter 17
Immunotherapy for Metastatic Urothelial 
Cancer

Javaughn Corey R. Gray and Jean Hoffman-Censits

 General Overview of Systemic Immunotherapy 
for Urothelial Cancer

Cancer immunotherapy aims to reinvigorate the immune system to control cancer 
through targeting of the immune cell-tumor cell interaction. The goal of immuno-
therapy is to trigger a patient’s immune cells to recognize and destroy cancer cells 
through restoration of immune function. Ideally, tumor-reactive T cells would be 
generated after being stimulated by tumor antigens, and T cells would infiltrate 
tumor sites exhibiting cytotoxic activity to destroy cancer cells [1, 2]. There are 
several immunotherapy strategies being investigated to stimulate this antitumor 
immune response in patients. In solid tumor oncology, the most successful to date 
has been the use of the checkpoint inhibitors through anti-PD-1/L1 and anti-CTLA4 
inhibition. Checkpoint blockade involves the use of antibodies to block the activa-
tion of immune suppressive mechanisms and enhance immune activation [3].

In urothelial cancer, humanized monoclonal antibodies to PD-1 and PD-L1 are 
FDA approved. These and other immunotherapy agents are currently being investi-
gated in various disease states [4]. In normal physiology, PD-1 and PD-L1 interac-
tions balance the immune system by preventing autoimmunity and damage to 
healthy tissue while allowing stimulated T cells to fight infections, viruses, and 
cancer. However, cancer cells can manipulate this inhibition system to their advan-
tage. These are targets of interest because PD-1 is highly expressed by antigen- 
activated T cells and at the same time is often upregulated by tumor cells to 
counteract the immune response and suppress T cell infiltration into tumor sites. 
The interaction between PD-1 and PD-L1 triggers immune suppressive mechanisms 
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when T cells encounter tumor cells. In this way, PD-L1 checkpoint blockade can for 
some tumors interfere with tumor/immune cell interactions and thus improve anti-
tumor immune responses.

 Treatment of Metastatic Urothelial Cancer 
with Immunotherapeutic Agents

 Overview

The treatment of metastatic urothelial cancer has evolved over the last several years. 
Systemic chemotherapy has been the standard treatment for patients initially diag-
nosed with unresectable or metastatic urothelial cancer. For eligible patients, based 
on adequate performance status, organ function, and lack of neuropathy or hearing 
loss, standard cisplatin-based regimens are accelerated MVAC (methotrexate, vin-
blastine, doxorubicin, and cisplatin) and GC (gemcitabine and cisplatin) [5, 6].

Historically, carboplatin-based chemotherapy is administered to patients that are 
ineligible to receive cisplatin in the first-line setting [7]. In the last few years, mul-
tiple clinical trials have been conducted to evaluate the role of immune checkpoint 
inhibitors in metastatic urothelial cancers that are refractory to platinum, and as a 
result, several new agents (Table 17.1) have been approved by the US Food and 
Drug Administration (FDA) for urothelial cancer.

 First-Line Treatments in Platinum-Ineligible Patients

Systemic cisplatin-based combination chemotherapy is the standard of care for 
patients with metastatic urothelial bladder cancer [7]. However, patients with 
chronic kidney disease with impaired renal function (GFR <50–60), Eastern 
Cooperative Oncology Group (ECOG) performance status of ≥2, hearing loss, 
peripheral neuropathy, heart failure, and creatinine clearance less than 60 mL/min 

Table 17.1 Approved checkpoint inhibitors for metastatic or locally advanced urothelial 
carcinoma post-platinum chemotherapy

Target Drug Indication

PD-1 Pembrolizumab Cisplatin-ineligible first line or progression on or post platinum 
therapy

Nivolumab Progression on or post platinum therapy
PD-L1 Atezolizumab Cisplatin-ineligible first line or progression on or post platinum 

therapy
Avelumab Progression on or post platinum therapy
Durvalumab Progression on or post platinum therapy
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are generally ineligible for cisplatin-based therapies [8]. Though cisplatin-based 
chemotherapy is associated with an excellent response rate, toxicity and general 
lack of response durability have long posed a dire need for effective treatments 
beyond, or as alternatives to platinum chemotherapy.

For patients with advanced urothelial cancer that are not candidates for platinum- 
based therapy due to comorbidities listed above, immunotherapy has been studied. 
The toxicity profile for immunotherapy treatments is, in general, more manageable 
than cisplatin in the first-line setting. Two trials demonstrated the efficacy of immu-
notherapy as a first-line treatment for metastatic urothelial cancer. The first was 
atezolizumab reported in 2016 and the second was pembrolizumab reported in 2017 
[9, 10]. These trials demonstrated the significant potential of immunotherapy as a 
first-line treatment in metastatic urothelial bladder cancer.

 Atezolizumab

In a single-arm, multicenter phase II trial, atezolizumab was investigated as a first- 
line treatment in 119 patients with advanced or metastatic urothelial cancer who 
were ineligible for platinum-based chemotherapy due to comorbidities [10]. Eligible 
patients included those who met the following criteria: inoperable, locally advanced 
or metastatic urothelial cancer, measurable disease per RECIST v1.1, and ECOG 
status of 2 or less. Subjects were required to be cisplatin ineligible due to one or 
more of the following criteria: GFR >30 and <60 based on Cockcroft-Gault for-
mula, grade 2 or higher hearing loss or peripheral neuropathy, or ECOG of 2.

These subjects received 1200 mg of atezolizumab every 21 days until progres-
sion and were followed up for a median of 17.2 months. The study met its primary 
endpoint, with an objective response rate of 23%, with complete responses being 
observed in 9% of patients. A median overall survival of 15.9 months is noteworthy 
when compared to historical data from platinum-based chemotherapy trials that 
have a median overall survival of 9.3 months with carboplatin [11] and 15.5 months 
with cisplatin [6, 12]. There were manageable adverse events experienced among 
the cohort, with the most common events being fatigue (30%), diarrhea (12%), pru-
ritus (11%), and decreased appetite (9%) [10]. Additionally, high-grade (grade ≥3) 
adverse events were uncommon and experienced by 16% of study subjects. These 
findings suggest that atezolizumab was well tolerated in this population, with more 
manageable toxicity than historically reported with cisplatin chemotherapy. Based 
on these data, atezolizumab was FDA approved in the first-line setting for cisplatin- 
ineligible patients with metastatic urothelial cancer.

 Pembrolizumab

Pembrolizumab was studied in the first-line setting in the phase II KEYNOTE-052 
study. In this study, 370 subjects with metastatic or advanced urothelial cancer, who 
were not eligible for a platinum-based treatment regimen, were treated with 
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pembrolizumab [9]. Eligible patients included those with locally advanced and 
unresectable or metastatic urothelial cancer, no previous systemic chemotherapy for 
advanced disease within 12 months, and cisplatin ineligible based on one of the fol-
lowing criteria: ECOG ≤2, creatinine clearance 30–60 mL/min, grade ≥2 audio-
metric hearing loss, grade ≥2 peripheral neuropathy, or New York Heart Association 
Class III heart failure.

These subjects received pembrolizumab 200 mg every 21 days until progres-
sion or for up to 2 years and were followed for a median of 5 months following 
completion. The objective response rate for the entire cohort was 29%, with 7% 
experiencing complete responses. As with the first-line atezolizumab study, 
modest adverse events were reported. Sixty-two percent of patients experi-
enced a treatment-related adverse event, and 16% were high grade. The most 
common adverse events were fatigue (15%), pruritus (14%), rash (9%), 
decreased appetite (8%), diarrhea (7%), and nausea (7%). The most common 
high-grade adverse events (grade 3 or higher) were decreased appetite (<1%), 
fatigue (2%), alkaline phosphatase increase (1%), colitis (1%), and muscle 
weakness (1%). These findings indicated that pembrolizumab was well toler-
ated in the platinum-ineligible patient population and ultimately led to the 
approval of pembrolizumab as a frontline agent in the cisplatin-ineligible 
population.

In August 2018, the FDA updated its label for the first-line use of atezolizumab 
and pembrolizumab in urothelial cancer. In addition to approving companion diag-
nostic tests to assay PD-L1 tumor status, the FDA recommended that for cisplatin- 
ineligible but chemotherapy-eligible (carboplatin) patients, chemotherapy 
sequenced prior to checkpoint should be considered for patients with PD-L1 low 
tumors. This label change reminds clinicians that although carboplatin as a first-
line agent has an inferior response rate compared to cisplatin, carboplatin chemo-
therapy remains active and may be suitable for some patients who are not cisplatin 
eligible. Furthermore, the label change indicated that for patients who were not 
chemotherapy eligible at all (the parameters for which were not defined), with low 
or undefined PD-L1 tumor status, immunotherapy remains a standard first-line 
option [13]. Gupta and colleagues recently presented a consensus recommendation 
on ineligibility to platinum/chemotherapy at GU ASCO 2019 to better define this 
population.

This change in label was based on interim data safety monitoring committee 
analyses of two ongoing phase III trials comparing frontline chemotherapy, chemo-
therapy plus immunotherapy (atezolizumab or pembrolizumab), and immunother-
apy alone. In these trials, KEYNOTE-361 and IMvigor130, cisplatin-eligible 
patients in the immunotherapy alone arms whose tumors had low PD-L1 expression 
had inferior survival outcomes compared to patients in the chemotherapy alone 
arms. Thus, enrollment of cisplatin-eligible patients to the immunotherapy-alone 
arms with low tumor PD-L1 expression was halted.
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 Second-Line Treatments in Patients with Disease Progression 
Post-platinum

 Pembrolizumab

KEYNOTE-045 is the only randomized phase III trial which demonstrates that 
immunotherapy is superior to second-line chemotherapy in patients who progressed 
after platinum-based chemotherapy. Patients were deemed eligible for this study if 
they met the following criteria: confirmed urothelial carcinoma of the renal pelvis, 
ureter, bladder, or urethra that exhibited predominantly transitional-cell features; 
progression after platinum-based chemotherapy for advanced disease or recurrence 
within 12 months after receiving platinum-based adjuvant or neoadjuvant therapy; 
received two or less lines of systemic chemotherapy; had at least one measurable 
lesion per RECIST v1.1; and had tumor samples that could be evaluated for PD-L1 
expression.

In this study of 542 subjects, 270 were randomized to the pembrolizumab arm 
and 272 were randomized to an investigator-choice chemotherapy arm (docetaxel, 
paclitaxel, or vinflunine) [14]. Subjects in the pembrolizumab arm received 200 mg 
every 3 weeks for up to 2 years, while those in the chemotherapy arm received inves-
tigator’s choice of chemotherapy with paclitaxel, docetaxel, or vinflunine. Overall 
survival on the pembrolizumab arm was significantly longer compared to the che-
motherapy arm, with a median overall survival of 10.3 months versus 7.4 months 
(HR for death, 0.73; 95% CI, 0.59–0.91; p=0.002). Subjects that received pembroli-
zumab had higher objective response rates 21.1% versus 11.4% for chemotherapy.

In this study, PD-L1 expression was characterized as a PD-L1 combined positive 
score (CPS), which was defined as the percentage of PD-L1 expressing tumor and 
infiltrating immune cells relative to the total number of tumor cells. In patients with 
tumor CPS ≥10%, the pembrolizumab group had significantly longer overall sur-
vival compared to the chemotherapy arm (hazard ratio for death, 0.57; 95% CI, 
0.37–0.88; p=0.005). Survival benefit of pembrolizumab over chemotherapy was 
also seen in those with low CPS, as well as with visceral disease. Patients in this 
study had no significant between-group difference in the duration of progression-
free survival among patients who had a tumor PD-L1 combined positive score of 
10% or more (hazard ratio for disease progression or death, 0.89; 95% CI, 0.61–1.28; 
p=0.24). Though the median time to response (2.1 months) was similar, overall 
objective response was higher in the pembrolizumab arm compared to the chemo-
therapy arm.

Consistent with other pembrolizumab studies, treatment-related high-grade 
adverse events were uncommon [14]. Grade ≥3 treatment-related adverse events 
were seen in 15% of patients in the pembrolizumab arm compared to 49.4% in the 
chemotherapy arm. Notably, health-related quality of life was either stable or 
improved in those subjects who received pembrolizumab, compared to a decline 
seen in those assigned to chemotherapy [15].
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 Atezolizumab

In the phase II, single-arm IMvigor210 study reported by Rosenberg et al., atezoli-
zumab was tested in subjects with inoperable locally advanced or metastatic urothe-
lial carcinoma whose disease had progressed after platinum-containing 
chemotherapy regimens. Three hundred and ten received at least one dose of atezoli-
zumab and were evaluable for safety and efficacy [16]. The primary endpoint of this 
study was objective response rate assessed independently and by investigators. In 
this study, patient tumor samples were prospectively and centrally assessed for 
PD-L1 expression by tumor-infiltrating immune cells (IC) and were classified as 
being IC0 (indicating less than 1% expression), IC1 (greater than 1% but less than 
5%), and IC2/3 (greater than 5%). Patient samples were evenly distributed between 
the PD-L1 IC groups: IC0 (33%), IC1 (35%), and IC2/3 (32%).

For all evaluable patients, the objective response rate was 15%, with complete 
responses being observed in 15 of 310 patients. In the high PD-L1 expression group 
(IC2/3), the objective response rate was 26%, with 11% of those patients experienc-
ing a complete response. In the intermediate and low PD-L1 expression group 
(IC1/2/3), the objective response rate was 18%, with a complete response being 
observed in 13 patients (6%). Additionally, during the follow-up period, median 
survival was found to be highest in the IC2/3 group at 11.4 months, lower in the 
IC1/2/3 group at 8.8 months, and 7.9 months for the entire cohort of patients. Sixty- 
nine percent of patients had a treatment-related adverse event of any grade, and 16% 
experienced a high-grade (grade 3–4)-related adverse event. The most common 
adverse events of any grade were fatigue, nausea, and decreased appetite. Based on 
these data, the FDA granted atezolizumab accelerated approval for treatment of 
patients with urothelial cancer progression post-platinum.

In subjects who maintained good functional status and adequate laboratory 
parameters, treatments on this and other ≥2 line immunotherapy trials were allowed 
post-progression. During IMvigor210 follow-up evaluation, 137 subjects contin-
ued on atezolizumab for more than one dose after progression, while 19 received 
other systemic therapy, and 63 received no further systemic therapy at progression 
[17]. The median survival for the group that continued with atezolizumab after 
progression was 8.6 months, compared to 6.8 and 1.2 months of the other systemic 
therapy and no systemic therapy, respectively. Interestingly, patients who contin-
ued on atezolizumab after PD were more likely to have high baseline PD-L1 
expression on tumor-infiltrating cells, highlighting PD-L1 as a potential biomarker 
that may be predictive of better overall survival, among other measures, for 
atezolizumab.

Furthermore, among the 137 patients, post-PD overall survival (OS) was numeri-
cally longer in those with baseline ECOG PS 0, no visceral metastases, or only 
lymph node disease, suggesting the possibility that atezolizumab may work more 
effectively in the earlier stages of PD or simply in those who are healthier during 
progression. Similarly, subjects treated with atezolizumab beyond progression were 
more likely to have an ECOG status of 0, less likely to have had baseline liver 
metastases, and more likely to have had an initial response to atezolizumab. Adverse 
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event frequencies were similar before and after progression and comparable with 
the safety profile of the overall study population.

The open-label, phase III randomized-controlled IMvigor211 trial compared the 
safety and efficacy of atezolizumab to chemotherapy in patients with locally 
advanced or metastatic urothelial carcinoma after progression with platinum-based 
chemotherapy. Subjects received either 1200 mg of atezolizumab or chemotherapy 
intravenously every 3 weeks. Within the intention to treat (ITT) population, patients 
receiving atezolizumab numerically had better overall survival (OS) than those 
undergoing chemotherapy (39.2% vs. 32.4%). However, this outcome was not sta-
tistically significant and was not the primary endpoint of the trial. Unlike the similar 
phase III design which showed that pembrolizumab demonstrated improved OS 
compared with chemotherapy in the same population, IMvigor211 was a negative 
trial. In this study, the primary endpoint was based on patients with high PD-L1 
expression (IC 2/3), who had no significant difference in OS compared to those 
assigned to receive chemotherapy.

Assessment of the ITT group by chemotherapy subgroups revealed that patients 
on atezolizumab showed better comparative OS than patients on taxanes (8.3 months 
vs. 7.5  months), but not when compared to those on vinflunine (8.3  months vs. 
9.2 months). Furthermore, patients assigned to atezolizumab had fewer grade 3–4 
treatment-related adverse events (AE) than those with chemotherapy (20% vs. 43%) 
and fewer adverse events that prompted discontinuation of treatment (7% vs. 18%). 
Interestingly, within the IC2/3 group, the overall survival (OS) did not significantly 
differ between treatment groups (11.1 months vs. 10.6 months). Confirmed objec-
tive response rates were lower for both atezolizumab-treated patients and 
chemotherapy- treated patients in the ITT group than those in the IC2/3 subgroup. In 
patients with samples with a high tumor mutation burden, OS was better at 
11.3 months for atezolizumab-treated subjects than those treated with chemother-
apy at 8.3 months. For patients with samples with a low tumor mutational burden 
(TMB), there was no discernable OS difference between patients treated with 
atezolizumab and patients treated with chemotherapy.

To further highlight the significance of PD-L1 as a biomarker, authors of this 
study also evaluated PD-L1 as a predictor of survival advantage in patients with a 
high tumor mutation burden—finding that patients with a high tumor mutation bur-
den and PD-L1 IC2/3 had a median survival of 17.8 months if treated with atezoli-
zumab and 10.6 months if treated with chemotherapy.

 Durvalumab

In a phase I/II trial, durvalumab was evaluated for safety and efficacy in subjects 
with urothelial cancer that had progressed on platinum-based chemotherapy [18]. 
This trial initially enrolled 61 patients, and they were treated with 10 mg/kg every 2 
weeks for up to 12 months or until progression, intolerable adverse effects, or with-
drawal. The first 20 patients were enrolled regardless of PD-L1 expression status, 
but subsequent patients were required to have greater than 5% expression in their 
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tumor cells to be eligible for enrollment. This allowed for assessment of response in 
PD-L1-positive and PD-L1-negative subgroups. PD-L1 was defined as positive if 
≥25% of tumor cells (TC) or immune cells (IC) expressed PD-L1, and negative was 
defined as <25% of TC and IC. The overall objective response rate was 31.0%, with 
46.4% in the PD-L1-positive subgroup and 0% in the PD-L1-negative subgroup. 
Subjects on this trial experienced minimal adverse events with 39 patients reporting 
a treatment-related AE of any grade. The most frequently reported AEs were low- 
grade fatigue, diarrhea, and decreased appetite. The median follow-up of response- 
evaluable patients was 6.5 months, and there were 12 of 13 patients that had an 
ongoing response at the time of the last follow-up. In a study update including 191 
patients, the objective response rate (ORR) was 17.8% (34 of 191; 95% CI, 
12.7–24.0%), with seven patients achieving complete response, and the median 
overall survival was 18.2 months [19].

 Nivolumab

CheckMate 275, a single-arm phase II study, measured the activity and safety of 
nivolumab in subjects with urothelial carcinoma that progressed during or after 
platinum-based chemotherapy [20]. In this study, 270 patients were enrolled and 
treated with nivolumab at 3 mg/kg every 2 weeks until disease progression, unac-
ceptable toxicity, or other protocol-defined discontinuation reasons, with 265 
reported. Confirmed objective response was achieved in 19.6% of patients (52 of 
265). In patients with PD-L1 expression >5%, the confirmed objective response 
rate (ORR) was 28.4% (23 of 81); for those with PD-L1 expression >1%, the 
ORR was 23.8% (29 of 122), and for those with PD-L1 expression <1%, the 
ORR was 16.1% (23 of 143). Nivolumab was well tolerated, with treatment-
related adverse events in 64% of subjects (174 of 270). The most common 
adverse events were fatigue, pruritus, diarrhea, and decreased appetite, with 
high-grade events occurring in 18% of patients [20]. The median overall survival 
was 8.74 months in the treated population, 11.3 months in subjects with tumors 
harboring PD-L1 expression >1%, and 5.95 months in those with PD-L1 expres-
sion <1%.

 Avelumab

In a phase Ib study, 44 subjects with disease progression post-platinum were 
enrolled and evaluated for safety and efficacy with avelumab 10 mg/kg once every 
2 weeks until progression or unacceptable toxicity [21]. Similar to the other immu-
notherapy trials, this trial performed immunohistochemistry to assign PD-L1 
expression levels across patients. The trial used ≥5% staining threshold in tumor 
cells to assign positivity or negativity, and using these criteria, 13 subjects had 
PD-L1-positive tumors. At the time of data analysis, among the patients evaluable 
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for response, the confirmed ORR was 18.2% overall and was 53.8% in those with 
PD-L1-positive tumors compared to 4.2% in the subjects with PD-L1- 
negative tumors.

Avelumab was generally well tolerated in this patient population. The most fre-
quent treatment-related adverse events in this trial were fatigue, infusion-related 
reaction, asthenia, and nausea, with high-grade events occurring in 6.8% of sub-
jects. In the follow-up period, the median overall survival was found to be 13.7 
months, and the median progression-free survival was 11.6 weeks [21]. This phase 
Ib study illustrated that avelumab was well tolerated and showed great clinical 
promise as it had minimal treatment-related adverse events and prolonged overall 
survival of patients. Ultimately, avelumab received accelerated FDA approval for 
patients with locally advanced or metastatic urothelial carcinoma in the post- 
platinum chemotherapy patient population.

JAVELIN Solid Tumor, a phase I open-label trial, assessed the safety profile in 
platinum-naive and post-platinum patients [22]. Two hundred and forty-nine 
patients were eligible and received treatment with avelumab for a median of 
12 weeks and were followed up for a median of 9.9 months. These patients were 
unselected for PD-L1 expression and received avelumab at a dose of 10  mg/kg 
every 2 weeks until disease progression or other protocol-defined withdrawal crite-
ria. In 161 of the post-platinum patients with at least 6 months of follow-up, the 
ORR was 17% including 6% complete response rate. During the follow-up period, 
median progression-free survival was 6.3 weeks with a median overall survival of 
6.5 months.

Avelumab was generally well tolerated among all patients with the rate of high- 
grade adverse events similar to that previously reported at 8%, the most common 
events being fatigue, asthenia, elevated lipase, and pneumonitis.

 Summary

In conclusion, PD-1 and PD-L1 inhibitors have revolutionized urothelial cancer 
therapy since their initial approval by the FDA in 2017. There are five agents with 
approval in the post-platinum setting, and thus, they can be used within 12 months 
of progression following perioperative chemotherapy, or beyond platinum in the 
second line. There is one randomized phase III trial which demonstrates superior 
overall survival of pembrolizumab compared to second-line single-agent chemo-
therapy, with improved toxicity compared to chemotherapy in both second-line 
phase III studies (Table 17.2). Ongoing late phase trials will continue to inform the 
use of these agents, including in the first-line cisplatin-eligible population, with and 
without combination chemotherapy. Perioperative trials assessing safety and effi-
cacy in noninvasive bladder cancer will inform the use of these agents in even ear-
lier settings.
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In the first-line setting, both pembrolizumab and atezolizumab are FDA approved 
based on efficacy and toxicity data. For patients who are chemotherapy eligible, 
PD-L1 tumor testing may inform treatment choice, as carboplatin remains a reason-
able first-line therapy. For those refusing or not chemotherapy eligible, atezoli-
zumab or pembrolizumab can still be used in the absence of PD-L1 tumor testing. 
Understanding predictors of toxicity, overcoming resistance, and combination strat-
egies will continue to be areas of research interest for years to come.

Table 17.2 Summary of trials which led to FDA approval of checkpoint inhibitors for 
urothelial cancer

Trial Drug Phase OS (months) ORR (%)

Metastatic urothelial carcinoma – first-line therapy in cisplatin- or chemotherapy-ineligible 
patients
NCT02335424 [9] Pembrolizumab II N 24% (89/370)
NCT02108652 [10] Atezolizumab II 15.9 23% (27/119)
Metastatic urothelial carcinoma – second-line therapy in post-platinum therapy patients
NCT02108652 [16] Atezolizumab II 7.9 15% (45/310)
NCT01693562 [18] Durvalumab I/II 18.2 31% (13/42)
NCT02256436 [14] Pembrolizumab III 10.3 (P)

7.4 (C)
21.1% (P, 57/270)
11.4% (C, 31/272)

NCT02387996 [20] Nivolumab II 8.7 19.6% (52/265)
NCT01772004 [21] Avelumab Ib 13.7 18.2% (8/44)
NCT01772004 [22] Avelumab Ib 6.5 17% (27/161)
NCT02108652 [17] Atezolizumab II 8.6a 6.8b, 1.2c 11.7% (16/137)
NCT02302807 [23] Atezolizumab III 11.1 (A)

10.6 (C)
23.0% (A, 26/116)
21.6% (C, 25/118)

ORR unselected objective response rate, OS overall survival, N not reported, A atezolizumab arm, 
P pembrolizumab arm, C chemotherapy arm
aMedian post-progression overall survival in patients continuing atezolizumab
bMedian post-progression overall survival in patients receiving another treatment
cMedian post-progression overall survival in patients receiving no treatment

Pearls for Advanced Practice Providers
• Role of PD-L1 Testing in Clinical Practice
• Currently, PD-L1 testing is recommended for chemotherapy-eligible, but 

cisplatin-ineligible, patients undergoing treatment in the first line [24]. 
Completed and ongoing trials have incorporated measurement of PD-L1 as 
a means of correlating response with PD-L1 expression status [4, 25]. 
However, despite being assessed in all trials, there is no standardization of 
how and when biopsy specimens are collected for PD-L1 testing. 
Furthermore, PD-L1 status is likely a heterogeneous and evolving bio-
marker that can potentially change based on therapy. Other biomarkers 
such as tumor mutation burden, TCGA subtype, and CD8 T cell infiltra-
tion, combined with PD-L1 status, may prove to be a more robust bio-
marker of response than any one of these factors alone [26].
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Chapter 18
Novel and Experimental Strategies 
in the Treatment of Metastatic Urothelial 
Carcinoma

Joseph K. Izes and Seungeun Oh

 Introduction

In spite of the recent considerable increase in effective treatment options, metastatic 
urothelial carcinoma remains a highly morbid disease, and current available thera-
pies produce relatively low rates of long-term durable response. The American 
Cancer Society estimates that in 2019, there will be 17,670 deaths from 80,470 new 
cases of urothelial carcinoma, making this cancer the sixth most common cause of 
cancer deaths [1]. Approximately 25% of newly diagnosed patients have muscle 
invasive bladder cancer or metastatic disease [2].

 Recent Advances

As summarized in proceeding chapters, the treatment options for first-line therapy 
of metastatic urothelial carcinoma continue to include platinum-based chemother-
apy for patients who are eligible and immune checkpoint inhibitors for patients who 
are platinum ineligible or have progressed following platinum therapy. While 
platinum- based chemotherapy (MVAC: methotrexate, vinblastine, doxorubicin, cis-
platin, or gemcitabine with cis-platinum) remains the standard therapy, up to half of 
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patients cannot tolerate cis-platinum-based [3] regimens. Second-line chemother-
apy, such as taxanes, has been utilized historically with disappointing outcomes.

More recently, treatment options have expanded dramatically. Within the past 
several years, immunotherapeutic antibodies directed at PD-1 and its ligand PD-L1 
have become available in routine clinical settings. Immune checkpoints maintain 
immune tolerance against self-antigen and dampen immune response. Immune 
checkpoint inhibitors (ICI) overcome this downregulation of antitumor immune 
response effectively increasing immune response. These agents have a much more 
manageable safety profile than platinum-based chemotherapy and are more appro-
priate for elderly or infirm patients. They are far from side effect-free however, and 
these immunotherapies also generate immune-related adverse events that mainly 
involve the gut, skin, endocrine glands, liver, and lung but can potentially affect any 
tissue [4]. Currently, five immune checkpoint inhibitors have been approved for the 
second-line (cis-platinum ineligible or platinum resistant) setting. Pembrolizumab 
and atezolizumab are currently approved in the first-line setting for PD-L1-positive 
and platinum-ineligible patients.

Several trials are underway to explore combination therapy. IMvigor130 is a 
phase 3 trial that examines the effect of first-line atezolizumab given alone or in 
combination with platinum-based chemotherapy [5]. Combinations of PD-1/PD-L1 
inhibitors and other immune modulators combined with antiangiogenic agents have 
also been proposed [6].

 Molecular Markers and Genomic and Targeted Therapy

It has long been recognized that urothelial cancers are a heterogeneous group of 
neoplasms that vary dramatically in aggressiveness and invasiveness. This clinical 
observation has recently been refined on a molecular level. Biomarker-based treat-
ment strategies have been successfully adopted in the treatment of several malig-
nancies, and it has long been felt that identification of molecular subtypes could 
facilitate more precise treatment selection, or in popular parlance “personalized 
medicine.” The Cancer Genome Atlas Project (TCGA) has elucidated the tumor 
molecular biology of advanced urothelial carcinoma with identification of new 
mutations and identification of potentially targetable cell survival pathways.

The diversity and heterogeneity of urothelial carcinoma, which has long been 
well appreciated on a clinical and histologic basis (low-grade papillary tumors ver-
sus high-grade invasive tumors) is now recognized to have well-defined genomic 
correlates [4]. Genomic analysis of 412 patients with bladder cancer and compre-
hensive molecular characterization of primary bladder cancers were carried out 
demonstrating a high tumor mutational burden. Understanding the genomic altera-
tions and urothelial cancer has led to the identification of novel therapeutic targets.

TCGA identified genetic drivers of muscle-invasive bladder cancer (MIBC) as 
well as subtypes of MIBC with distinct characteristics and therapeutic responses 
[7]. Historically, locally advanced and metastatic urinary tract tumors have been 
traditionally treated similarly based on histopathology. Such histopathologic 
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classification was occasionally predictive of response to chemotherapy, but overall, 
this distinction was extremely limited. Recent advances in multi-platform high- 
throughput genomic profiling have allowed some amount of subclassification of 
metastatic tumors on a molecular basis. A molecular classification of distinct sub-
sets within the broader classification of high-grade urothelial carcinoma (UC) has 
already been shown to have implications for treatment. Particular markers in the 
TCGA dataset correlated with a high likelihood of response to cis-platinum-based 
chemotherapy and immune checkpoint inhibitors [8]. Five subtypes of MIBC have 
been identified based on RNA expression, which correlate with outcomes and might 
guide treatment: basal-squamous, luminal-infiltrated, luminal and luminal- papillary, 
and neuronal. These subtypes each have differing genetic make-up with potential 
implications for treatment selection. For example, the luminal-papillary variant has 
been shown to exhibit overexpression of FGFR3, making this subtype a target for 
anti-FGFR3 tyrosine kinase inhibitors. The basal-squamous subtype shows frequent 
mutations in TP53 and elevated PD-L1 as well as high epithelial growth factor 
receptor expression and may be particularly sensitive to cis-platinum-based chemo-
therapy as well as PD-1 inhibitors. The luminal subtype shows high expression of 
human epidermal growth factor receptor to (HER-2) with a possible role of HER-2 
targeting drugs and a good response to neoadjuvant chemotherapy. Neuronal sub-
type, the most rare, indicates exquisite sensitivity to PD 1 inhibitors [9].

 FGFR Inhibitors

TCGA identified aberrant fibroblast growth factor receptor (FGFR) with oncogenic 
FGFR3 fusions being seen more commonly in high-grade invasive tumors [10]. These 
tumors seemed to have a decreased sensitivity to immune interventions. Erdafitinib, 
an oral pan-FGFR-targeted agent, has recently been given accelerated FDA approval 
based on relevant clinical activity in metastatic UC patients whose tumors bear action-
able FGFR alterations [11]. In an open label phase 2 study, an objective tumor 
response was seen in 40% of previously treated patients who had locally advanced 
unresectable or metastatic urothelial carcinoma with FGFR alterations [12, 13]. The 
most common adverse events were hyperphosphatemia, elevated creatinine, stomati-
tis, decreased appetite, nausea, and dry mouth [14].

FGFR has also been targeted with monoclonal antibodies in preliminary studies 
with promising initial findings [15].

 ErbB

Somatic mutations in the ErbB family of cell surface tyrosine kinase receptors (con-
sisting of EGFR, HER2, and ErbB3/ErbB4) are frequently expressed in urothelial 
carcinoma and have long been thought to represent viable therapeutic targets. EGFR 
is the cell surface receptor for members of the epidermal growth factor family of 
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extracellular protein. Receptor activation initiates several signal transduction cas-
cades leading to DNA synthesis and cell proliferation. Previous studies showed that 
overexpression of EGFR in bladder cancer correlates with tumor grade stage and 
survival [16]. This is also true of HER-2 overexpression. Several trials of agents 
based on EGFR and HER-2 inhibition have failed to show conclusive benefit. In a 
phase 2 trial, afatinib, an oral irreversible inhibitor of the ErbB family, approved for 
the treatment of metastatic non-small cell lung cancer, demonstrated significant 
activity in patients with platinum refractory urothelial carcinoma with HER-2 or 
ErbB3 alterations [17].

 Antibody-Drug Conjugates

Antibody-drug conjugates (ADC) targeting specific cell surface antigens represent 
an attractive therapeutic strategy for chemotherapy refractory tumors as the ADC 
has the potential to deliver a significant proportion of the potent drug to the tumor 
cells rather than to normal cells [18]. Enfortumab vedotin (EV) selectively targets 
cells expressing Nectin-4 by delivering a potent microtubule-disrupting agent. 
Almost all metastatic urothelial carcinoma tumors express Nectin-4, a cell adhesion 
molecule that is highly expressed in multiple cancers. A breakthrough therapy des-
ignation has been granted by the FDA for patients with locally advanced or meta-
static urothelial carcinoma who previously received immune checkpoint therapy 
[19]. A phase 1 study demonstrated an objective response rate of 41%. A phase 1 
trial combining EV with atezolizumab or pembrolizumab is underway.

 Angiogenesis Inhibitors

Angiogenesis is necessary for the growth, invasion, and metastasis of solid tumors. 
Vascular endothelial growth factor (VEGF) levels appear to be prognostic for out-
comes in bladder cancer, and preclinical evaluation of angiogenesis inhibition has 
appeared to demonstrate anticancer activity [20]. Vascular endothelial growth factor 
receptors 1 and 2 and their ligands are important mediators of tumor angiogenesis 
and contribute to the pathogenesis and progression of urothelial carcinoma. Many 
trials with antiangiogenic therapies have showed modest, if any benefit. These 
include single-agent sorafenib, pazopanib, and sunitinib.

More recently, bevacizumab, a monoclonal antibody directed against circulating 
VEGF, has shown clinical activity in a phase 2 trial of gemcitabine and cis-platinum 
and bevacizumab as first-line therapy for metastatic urothelial cancer. This study 
demonstrated an overall response rate (ORR) of 72% and an encouraging overall 
survival (OS) of 19.1 months [21]. A recent randomized double-blind phase 3 trial 
of ramucirumab plus docetaxel versus placebo plus docetaxel was performed in 
patients with platinum refractory urothelial carcinoma, some of whom received 
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PD-1 immune checkpoint inhibitors. Progression-free survival benefit, 4.1 months 
versus 2.8 months, was noted as was median overall survival, 9.4 months versus 
7.9 months [22].

 Conclusions

While patients with advanced urothelial carcinoma are faced with a rapidly progres-
sive disease with a narrow window for therapeutic intervention, there has been sub-
stantial progress over a relatively short period of time in the number of clinically 
available effective treatments. In addition to progress in immunotherapy, targeted 
therapies for patients with appropriate biomarkers and combinations of new thera-
pies are extremely promising. Novel FGFR inhibitors, progress in the application of 
angiogenesis inhibitors, combined immunotherapy regimens, and antibody-drug 
conjugates offer new options to patients who otherwise would have extremely short 
survival following progression after first-line therapy.
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Chapter 19
Upper Tract Urothelial Carcinoma

Anne E. Lizardi-Calvaresi, Demetrius Bagley, and Katherine Smentkowski

 Introduction

The urothelium is the epithelial lining of the urethra, bladder, ureters, and renal 
pelvis of the kidneys. Upper tract urothelial carcinoma (UTUC) is defined as cancer 
that develops in the lining of the upper portion of the urinary tract, which extends 
from the distal ureter proximally to the renal pelvis [1, 2]. UTUC may also be 
referred to as cancer of the upper urinary tract, renal pelvis cancer, ureteral cancer, 
or cancer in the lining of the kidney. Historically, UTUC was called transitional cell 
carcinoma.

 Occurrence

Upper tract urothelial carcinoma is rare, accounting for only 5–10% of all urinary 
tract cancers, including bladder cancer [1]. There are approximately two to three 
cases per 100,000 persons. Approximately 75% of cases present in men. Major risk 
includes increased age, with most cases presenting in the seventh to ninth decades 
of life [1, 3].
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 Relation to Bladder Cancer

Many instances of UTUC are multifocal (approximately 30%), meaning identified 
in several areas. They may be detected simultaneously with the presence of a blad-
der urothelial carcinoma or in patients who were previously treated for a diagnosis 
of urothelial carcinoma of the bladder (3–5%). The risk of developing a bladder 
urothelial carcinoma is near 15–50% following treatment for an upper tract urothe-
lial carcinoma [1, 3].

 Etiology

There are several modifiable risk factors directly related to the development of 
UTUC. The most common is cigarette smoking or exposure to secondhand smoke. 
Environmental exposures including certain chemicals such as petroleum, coal, 
asphalt, tar, aniline dyes, beta-naphthylamine, and benzidine also increase the risk 
of developing UTUC.  Hereditary cases are relatively uncommon but present in 
some instances of genetic instability or genetic mutations. The most well-known 
genetic risk factor is microsatellite instability as a result of Lynch syndrome, also 
known as hereditary nonpolyposis colorectal cancer (HNPCC) [1, 3, 4].

 Presentation

UTUC usually presents with very few, if any, symptoms. The most common pre-
senting symptom is painless gross hematuria or microscopic hematuria. This is 
present in approximately 75% of cases. Obstruction or hydronephrosis may be pres-
ent, either with or without flank pain or dull ache. More acute pain or renal colic 
usually presents in patients with the passage of clot or with severe obstruction of the 
renal collecting system or ureter. Nearly 15% of patients present asymptomatically 
and are diagnosed with an incidental finding on radiographic imaging. Patients with 
advanced disease may present with bone or back pain, flank or abdominal pain, 
flank or an abdominal mass, or weight loss [1, 3, 4].

 Diagnosis

Imaging Once upper tract malignancy is suspected, it must be confirmed before 
definitive treatment and therapy. Computed tomography urogram (CTU) is a cor-
nerstone of diagnosis, with the highest diagnostic accuracy of current imaging 
modalities. A recent meta-analysis reported a sensitivity of 88–100% and a 
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 specificity of 93–100% in the detection of UTUC using CTU; furthermore, lesions 
as small as 5 mm may be detected [5, 6]. For these reasons, CTU has replaced older 
techniques such as intravenous pyelogram (IVP).

Patient factors such as renal insufficiency or a significant iodinated contrast 
allergy may preclude CTU. In these cases, it is necessary to obtain alternative means 
of imaging. Depending on the contraindication, a retrograde pyelogram (RPG) or 
magnetic resonance urography (MRU) may be used to screen for filling defects. 
These imaging modalities are already indicated in the workup of asymptomatic 
microscopic hematuria, according to the American Urological Association (AUA) 
guidelines, and therefore may be obtained during initial presentation [7]. MRU has 
a slightly decreased sensitivity of 63–75% depending on the size of the lesion, while 
RPG only has 53–71% sensitivity for detecting upper tract malignancies [8–10].

Biomarkers The use of biomarkers in the diagnosis of upper tract urothelial carci-
noma is limited. When cytology is positive in the absence of bladder or prostatic 
carcinoma in situ or other malignancy, it may be suggestive of UTUC [8]. For that 
reason, voided urine cytology is generally performed as part of the workup but is 
notoriously worse at detection than when used for bladder malignancy, with sensi-
tivities of 50–59% for UTUC [8, 11]. European guidelines for UTUC recommend 
that cytology should be obtained via ureteral catheterization. Unfortunately, meta- 
analysis reports a similarly poor sensitivity of 53.1% for selective urine cytology 
[12]. Also similar to bladder cancer detection, cytology performs poorly in the set-
ting of low-grade tumors. High-grade UTUC has a slightly better sensitivity of 
69.9% on similar meta-analysis, compared to 45.6 for low-grade UTUC [12].

Adjuvant urinary markers for the detection of UTUC are few. Fluorescence in 
situ hybridization (FISH) testing, which detects abnormalities in chromosomes 3, 7, 
17, and 9p21, is used in bladder cancer detection but has been disappointing in its 
application to UTUC. Efforts have been made to apply FISH to voided UTUC cytol-
ogy specimens with inconsistent results – reported sensitivity and specificity vary 
widely at 54–76.7% and 78–94.7%, respectively [13, 14]. Other urinary biomarkers 
based on gene mutation and DNA methylation have been described but are not part 
of routine practice.

Cystoscopy and Ureteroscopy When UTUC is suspected, cystoscopy should 
always be performed to rule out a concomitant bladder tumor [8]. Synchronous 
bladder and upper tract tumors have been reported in 17% of patients [15]. 
Histological biopsy of upper tract tumors is notoriously difficult due to small sam-
ple sizes obtained with available biopsy techniques. Despite this, ureteroscopy and 
subsequent biopsy are recommended in cases where further information would 
impact treatment decisions [8]. There were early concerns that pyelovenous back-
flow could increase rates of tumor seeding and metastatic disease, but this has since 
been disproved [16].

To perform ureteroscopy, a “no-touch” technique with cytological, rather 
than histological, processing of specimens has allowed for accurate 
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determination of tumor grading to guide further treatment decisions. This tech-
nique begins with cystoscopy, followed by semirigid ureteroscopy of the ureter 
suspected to harbor tumor. Once the extent of the semirigid ureteroscope is 
reached, a wire is passed to that level of the ureter. The flexible ureteroscope is 
then advanced over the wire under direct vision, and the remainder of the col-
lecting system is examined. This allows for examination of the entire ureter and 
renal pelvis with minimal manipulation [13]. Enhanced techniques used for 
bladder cancer detection, such as blue light cystoscopy and narrow-band imag-
ing, are not routinely employed for detecting upper tract lesions. Preliminary 
data, however, reports a promising 22.7% increase in tumor detection rate when 
narrow-band imaging is used [18].

When a suspected tumor is encountered, cytological washings are taken from 
this area, and the area is biopsied. The biopsy may be performed using a variety of 
techniques. Biopsy forceps are often utilized, but a flat wire basket may obtain supe-
rior results when the tumor is larger or amenable to biopsy in this manner [19]. Due 
to the small size of ureteroscopically obtained specimens, diagnostic accuracy pres-
ents a challenge. The ability to accurately stage tumors in a manner similar to blad-
der cancer specimens is often impossible. For these reasons, grade, rather than 
stage, is used to guide treatment decisions as ureteroscopic biopsy can determine 
tumor grade in the majority of cases [8]. Even when relying on grade, the specimens 
obtained can be nondiagnostic due to destruction during processing. To overcome 
this, specimens can be sent for cytological processing, rather than traditional hema-
toxylin and eosin staining. Larger specimens can then be prepared using a cell block 
technique. This has increased diagnostic accuracy from 42.9% to 97.2% [20].

Workup Once UTUC is highly suspected or diagnosed, evaluation of renal func-
tion and metastatic disease must be completed. National Comprehensive Cancer 
Network (NCCN) guidelines advocate a laboratory workup including complete 
blood count (CBC), chemistry profile, and renal function tests. If CTU was not 
obtained in the initial workup, it should be completed for staging, along with a chest 
x-ray. A nuclear renal medicine scan to assess for split function may be performed 
according to clinician discretion, and a bone scan should be obtained if the patient 
complains of any symptoms suggestive of bone metastasis [21].

Family history should also be assessed at this time if not obtained in original 
consultation to screen for hereditary nonpolyposis colorectal carcinoma (Lynch 
syndrome) [8, 21]. Hereditary UTUC comprises 10–20% of cases and should be 
suspected if the patient is less than 60 years of age and has (1) a personal history of 
HNPCC-spectrum cancer or (2) a first-degree relative <50  years of age with 
HNPCC-spectrum cancer or (3) two first-degree relatives with HNPCC-spectrum 
cancer. If the patient fits these criteria, they should be referred for germ-line DNA 
sequencing and undergo clinical evaluation for other HNPCC as well as familial 
genetic counseling [8].
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 Treatment and Follow-Up

Initial management Stage is the greatest predictor of tumor survival and recur-
rence [22]. However, due to the aforementioned difficulties in clinical staging, grade 
is the cornerstone of decision-making algorithms for treatment. Radical nephroure-
terectomy is considered the gold standard for treatment. However, the development 
of improved endoscopic technologies and the desire for renal sparing surgery have 
expanded treatment options for this disease.

Low Grade When low-grade disease is present, endoscopic renal sparing manage-
ment with laser tumor ablation can be considered rather than surgical removal. This 
is an option for both tumors within the renal pelvis, as well as those within the ureter 
[20]. However, not all patients with low-grade disease are candidates for endoscopic 
ablation, and current European Association of Urology (EAU) guidelines further 
stratify patients into low-risk and high-risk UTUC. Low-risk UTUC dictates tumors 
must be unifocal, should be less than 2 cm, and should not have invasive aspects on 
cross-sectional imaging in addition to being determined as low risk. Additionally, 
some authors advocate that a low-risk patient should not be a current smoker and 
must be reliable in their ability to follow up for surveillance [23]. When these crite-
ria are not met, the patient with low-grade disease must be considered for similar 
treatment (i.e., surgical excision) as those who present with high-grade disease.

High Grade The mainstay of treatment for high-grade disease is surgical excision 
with nephroureterectomy and bladder cuff excision. Alternatively, a distal ureterec-
tomy and reimplantation may be considered if the tumor is isolated to the distal 
ureter. Regional lymphadenectomy should also be performed at the time of sur-
gery [21].

Endoscopic Management The role of endoscopic management in UTUC is well 
established. While nephroureterectomy with bladder cuff has been the described the 
“gold standard” for treatment of UTUC, the use of endoscopy for ablative treatment 
has gained popularity for its ability to preserve renal function while addressing can-
cer control. In addition to its indication for unifocal low-grade disease as described 
above, other patients may be considered for endoscopic management in select situ-
ations. These include patients with a solitary kidney, bilateral disease (with or with-
out concurrent hereditary risk factors such as HNPCC), chronic kidney disease 
(CKD), or inability to tolerate radical surgery [24]. Although no level 1 evidence 
exists, the response of low-grade disease to endoscopic management has been 
described as excellent, with 5-year disease-specific survival rates of 86.4–100%. As 
expected, high-grade disease-specific survival rates are less reassuring at 47.3–63%. 
Renal preservation rates range from 64% to 82.5%, with 36% of cases ultimately 
requiring nephroureterectomy [24].
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Ureteroscopy When a lesion is encountered ureteroscopically, it can be treated 
using a variety of methods. Ureteroscopy with laser ablation is the mainstay of 
endoscopic therapy. Laser ablation is most frequently used in the form of 
holmium:yttrium aluminum garnet (Ho:YAG), neodymium:yttrium aluminum gar-
net (Nd: YAG), or thulium (TL) laser energy [25, 26]. Each laser varies in its coagu-
lative ability and depth of penetration and therefore has different indications 
depending on exact tumor location and characteristics. In addition to laser ablation, 
other methods have been described including manual debulking with forceps or 
basket and electrofulguration/resection.

Percutaneous Ablation Percutaneous nephroscopy with subsequent ablation or 
resection has been described for large (>2 cm) or multifocal tumors of the renal 
pelvis, as well as lower pole tumors that are difficult or impossible to reach uretero-
scopically [24]. However, the efficacy and long-term outcomes of this method are 
difficult to assess, as there is limited evidence. In a systematic review article encom-
passing 11 percutaneous studies, only one patient out of 236 was noted to have 
tumor tract seeding. However, this remains a known risk of percutaneous approach, 
with other limited accounts of tumor seeding noted in case reports [27, 28].

Surgical Management As previously described, radical nephroureterectomy is the 
gold standard for treatment and the recommended treatment for all high-grade or 
high-risk disease. In select cases, a distal high-grade tumor may be treated with 
distal ureterectomy and reimplantation [8, 21].

Nephroureterectomy Classic radical nephroureterectomy involves removal of the 
kidney, ureter, intramural tunnel, and ureteral orifice with a surrounding bladder 
cuff. Inclusion of the bladder cuff is critical, as ureteral stump recurrences have 
been quoted at 30–64% [29]. Nephroureterectomy may be performed via an open, 
laparoscopic, or robotic approach. Retrospective analysis suggests similar cancer 
mortality and recurrence rates between open and laparoscopic nephroureterectomy 
[8, 30]. Therefore, the approach may be determined based on patient/tumor charac-
teristics and surgeon experience. Following surgery, the administration of a single 
dose of intravesical chemotherapy within 72  hours has been shown to decrease 
intravesical recurrence rates [8].

Neoadjuvant/Adjuvant Therapy The use of neoadjuvant cisplatin-based chemo-
therapy prior to radical cystectomy is level 1 evidence in the treatment of muscle- 
invasive bladder cancer [21, 31]. Therefore, there has been much interest in 
extrapolating its use to upper tract urothelial carcinoma treatment. Furthermore, as 
cisplatin-based chemotherapy requires intact renal function, it is ideal to administer 
before surgical removal of the kidney. Despite this, objective evidence supporting 
its use preoperatively is still limited. In patients who did not receive neoadjuvant 
chemotherapy and who maintain adequate renal function following nephroureterec-
tomy, adjuvant chemotherapy has shown overall survival benefit, including in 
patients with pT3/4 and N+ disease [8].
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Follow-Up Following treatment, patients with UTUC must be monitored closely 
for recurrence. Based on EUA and NCCN guidelines, patients who undergo 
nephron- sparing surgery (i.e., endoscopic management) should have cystoscopy 
with cytology every 3  months and ureteroscopy every 3–6  months for the first 
1–2 years. This should be performed along with cross-sectional imaging, ideally 
CTU. After the first 1–2 years, surveillance can then proceed yearly for >5 years [8, 
21]. Following nephroureterectomy, cystoscopy with cytology is advocated every 
3 months for the first year with cross-sectional imaging every 6–12 months, depend-
ing on the pathological stage. After the first year, surveillance may be spaced out to 
at least annually but should proceed out to greater than 5 years [8, 21].
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Chapter 20
Kidney Cancer and Its Treatment

Elena Dreyzin and Alexander Kutikov

 Chapter Content

Initial Visit A smiling young man gets up to shake my hand when I enter the exam 
room. As he sits down, his wife reassuringly pats him on the back. They appear calm 
and pleasant, but I sense the familiar tension as they gaze at the stack of papers in 
my hands. Meet KC, a 42-year-old man who immigrated to the United States from 
Africa 10 years ago. He works as a driver, prides himself on being a family man, and 
enjoys bike riding with his wife along the Schuylkill River in Philadelphia. Though 
sickle cell trait positive, KC has always been generally healthy and fit. He thus saw 
no need to contact a medical professional when the annual screening urine test per-
formed during a work physical exam revealed microhematuria for 3 years in a row. 
Finally, a hematuria workup was performed, and a computed tomography (CT) scan 
showed a 5.0-cm enhancing lesion on the left kidney. KC feels “fine” and has never 
actually seen blood in his urine. KC does not know a lot about his grandparents’ 
medical history; his mom died young of breast cancer and dad is back home battling 
kidney failure. While I perform the initial physical exam and record medical history, 
the urologic oncologist is reviewing scans and labs, consulting with radiology, and 
finalizing a treatment plan. KC is at the very beginning of his cancer journey.

Type of Kidney Tumors Tumors of the kidney can either stem from the renal 
parenchyma, which are known as renal cell carcinomas, or arise from the inner lin-
ing of the urothelium that covers the kidney’s collecting system. The latter are 
known as urothelial carcinomas and are biologically very similar to bladder cancer. 
This chapter will focus on renal cell carcinomas.
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Overview of RCC Renal cell carcinomas (RCCs) originate from the renal cortex 
and represent approximately 80–85% of all malignant kidney masses. The most 
common type of RCC is clear cell carcinoma (75–85%) followed by papillary 
(10–15%) and chromophobe (5–10%). It is important to remember that benign 
oncocytoma may mimic malignant renal cell carcinoma and is harbored by up to 
30% of patients who undergo renal surgery in the United States [1]. Smoking, per-
sistent hypertension, diabetes mellitus (DM), obesity, acquired cystic disease of the 
kidney, von Hippel-Lindau syndrome, and exposure to toxic elements such as cad-
mium, asbestos, and petroleum are among the risk factors for kidney malignancy. 
Sickle cell trait is a risk factor for medullary RCC.

Imaging Studies Many early kidney neoplasms are discovered incidentally when 
scans are done for other reasons. The classic triad of RCC – flank pain, hematuria, 
and a palpable renal mass – is now a rare form of presentation and strongly suggests 
advanced disease. To fully characterize a renal mass, cross-sectional imaging with 
and without contrast is necessary to determine whether the lesion is enhancing. 
Lesion enhancement indicates blood flow and thus confirms neoplasia. Renal ultra-
sound can also be used to differentiate between a non-hyperdense cyst and a solid 
tumor. On images, benign cysts are “anechoic” with a strong posterior wall echo 
indicating good transmission through a fluid-filled sac; a solid mass will show echo 
within it. It is important to remember that hyperdense cysts (those cysts that are 
filled with blood or protein) are largely indistinguishable from renal masses on 
ultrasound. Since most common sites of metastases are lungs and intra-abdominal 
sites such as lymph nodes, bone, and liver, guidelines advocate for appropriate stag-
ing with a CT of chest. Nuclear bone scans and brain magnetic resonance imaging 
(MRI) are reserved for patients with very high-risk localized disease. MRI with 
gadolinium is excellent at delineating renal vein and vena cava tumor invasion if 
present. FDG-PET (fluorodeoxyglucose-positron emission tomography) scans have 
a very limited role in RCC evaluation, since test characteristics of this modality in 
patients with RCC are poor.

Renal Biopsy Is kidney biopsy useful for the diagnosis of renal cancer? Absolutely, 
but arguably not for all patients. At our center, patients who would receive surgery 
regardless of biopsy results (e.g., young and non-comorbid patients with worrisome 
masses) proceed directly to treatment. Meanwhile, other patients who are ideal 
active surveillance candidates also do not undergo a procedure that would not 
change the treatment strategy. Otherwise, we believe renal biopsy can help calibrate 
treatment strategy and avoid overtreatment of benign masses [2]. Indeed, recent data 
suggest that up to 30% of renal tumors that are resected in the United States are 
benign [3].

Staging Treatment for RCC spans active surveillance, focal ablation, partial and 
radical nephrectomy, targeted therapy, immunotherapy, and radiation in select cases. 
TNM Staging System universally classifies the extent of tumor spread and assists in 
treatment decision-making: T, tumor size; N, regional lymph node involvement; and 
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M, distant metastasis involvement [4]. For example, T1aN0M0 is a person with a 
small <4 cm tumor in greatest dimension without regional nodes or distant metasta-
sis. This combination describes a patient ideally suited for active surveillance (AS) 
route, a person with small asymptomatic lesion demonstrating slow growth (< 
0.5  cm/year). AS is not for everyone. While some patients are comfortable with 
frequent visits and imaging, others prefer to surgically remove even the smallest 
mass. AS is well suited for the elderly and those with significant comorbidities 
(other cancers, advanced cardiovascular disease, poorly controlled diabetes, hyper-
coagulation syndromes, etc.). Active surveillance is safe; data suggests a very low 
metastatic rate only in tumors that show rapid growth kinetics [5]. Most current AS 
guidelines dictate a thorough H&P with CT of abdomen/MRI, CT of chest, and 
BMP every 6 months for the first year and then annually for 5 years. During that 
time, renal ultrasound (RUS) may be substituted for CT abdomen/MRI. Physician 
extenders can handle most AS patients and refer back to the attending physician if 
the tumor exhibits rapid growth, there are changes in lab work, or any other evi-
dence of disease progression is noted.

Ablation and Cryotherapy Goals of treatment always need to be identified and 
discussed with the patient and family. It is especially relevant when patient transi-
tions from active surveillance to active treatment (e.g., surgery). While surgery is 
the gold standard, percutaneous cryotherapy (“freezing”) and radiofrequency abla-
tion (“heating”) are reasonable options, especially for elderly patients with appro-
priate masses for whom risks of surgery are not trivial. Laparoscopic ablation was 
performed in the past but has fallen out of favor with the advent of expertise in mini-
mally invasive partial nephrectomy. Percutaneous ablation procedures, also known 
as focal therapy, avoid general anesthesia and invasive dissection. Of note, AS 
should still be considered as the primary treatment approach in that population [6]. 
Another goal of renal tumor therapy is kidney tissue preservation, which focal ther-
apy generally can achieve successfully. Many centers with deep minimally invasive 
partial nephrectomy expertise and strong active surveillance programs use ablation 
therapy quite sparingly.

Partial Versus Radical Nephrectomy: RENAL Score Indications for surgical 
management of RCC are based on the disease stage and the extent of the disease. 
Location of the lesion, presence of bilateral tumors, compromised renal function 
(chronic kidney disease and/or solitary kidney status), and history of a genetic syn-
drome (von Hippel-Lindau disease) all influence the decision to proceed and how to 
best calibrate type/extent of surgery. The radical nephrectomy (RN) involves liga-
tion of the renal vasculature and removal of the kidney and the Gerota’s fascia (a 
fibrous tissue encapsulating the kidneys). Historically, the adrenal gland was rou-
tinely resected along with the kidney, but in current practice, the adrenal is removed 
only if it radiographically appears abnormal. RN is now the procedure of choice in 
a resectable primary tumor and a concurrent single metastatic lesion into adrenal 
gland, renal vein, or perinephric fat, and in these cases, the complete resection may 
be curative. However, when adrenal gland is not affected by metastasis, it should be 
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surgically spared as the incidence of adrenal metastasis is not typical. Decision 
between partial and radical nephrectomy is complex; however, RN is generally pre-
ferred in cases where tumors are ≥7  cm and/or are endophytic (less than 40% 
extending off the surface of the kidney) and centrally located. While patients with 
cancers localized to the kidney have an excellent 5-year survival rate, 80–90%, they 
are also at risk for loss of renal function [7]. As such, patient’s age and preoperative 
renal function must be integrated into the decision between radical and partial 
nephrectomy. Even though open surgery was the traditional surgical approach for 
RN, most kidneys can now be resected employing minimally invasive techniques.

Partial nephrectomy (PN), unlike RN, affords maximum renal tissue preserva-
tion while generally providing excellent cancer control. Absolute indications for 
this operation include solitary kidney, bilateral masses, and those with risk for 
chronic renal disease who cannot undergo RN without risking dialysis. While the 
benefits and minimal risks of PN are evident in small and peripherally located 
tumors, anatomically complex masses may expose patient to perioperative and 
potential oncologic risks that would have been avoided if RN were performed. 
These risks become especially burdensome on the comorbid and elderly population 
[8]. Thus, surgeons often debate how far to push relative indications of PN. In order 
to better communicate kidney tumor anatomic complexity and meaningfully com-
pare surgical results, several renal surgery risk scoring systems have been published. 
The RENAL nephrometry system was proposed in 2009 and provides a measurable 
and reproducible method to categorize renal masses according to their anatomic 
relationship to the kidney’s anatomy. Using axial cuts of CT or MRI scans, provid-
ers can quantify anatomic complexity of the renal mass in the following manner:

 1. Radius: a diameter of <4 (one point), 4–7 (two points), and >7 cm (three points).
 2. Exophytic/endophytic: ≥50% exophytic (one point), <50% exophytic (two 

points), and entirely endophytic (three points).
 3. Nearness to collecting system or sinus: the closer the tumor to the system, the 

more risks associated with PN (one to three points).
 4. Anterior/posterior tumor (a or p assignment).
 5. Location relative to polar lines (one to three points with central tumors being a 

score of three). Details to the scoring system can be found at http://www.neph-
rometry.com.

The RENAL scoring system and those like it have been shown to correlate to 
critical decision-making for patients with renal mass. For those seeing patients with 
kidney tumors, it is important to understand the variables that are communicated by 
such scoring systems [9].

In addition to age and comorbidity status, key clinical factors affecting the RN vs 
PN decision are dependence on anticoagulation and antiplatelet agents, history of 
complications at previous surgeries, impaired renal function (diabetes mellitus, 
chronic kidney disease, morbid obesity, etc.), tumor size, surgeon skill/confidence 
level, and, of course, patient preference/comfort level. Radical nephrectomy is con-
sidered in the case of centrally positioned tumors and in extension of tumor into 
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lymph nodes, renal vein or inferior vena cava, or ipsilateral adrenal gland. The ben-
efits and risks of both partial and radical nephrectomies must be well considered 
prior to making a treatment decision. Despite advanced modern surgical techniques, 
many patients present to medical attention with existing metastases or recur after 
treatment of localized disease. Recent revolutionary advances in the field of medical 
oncology offer many novel options for such patients.

Radiation (XRT) Although RCC has been described as a radioresistant tumor, 
XRT is often used to selectively treat metastatic lesions. It is also helpful in painful 
bone metastases, cancer progression into the brain, and recurrences in the renal 
bed [10].

Chemotherapy Cytotoxic chemotherapy largely does not have a role in kidney 
cancer treatment except for the use of gemcitabine/cisplatin in patients with collect-
ing duct RCC, an extremely rare type of non-clear cell RCC that biologically resem-
bles urothelial carcinoma [11].

Antiangiogenic Therapy Antiangiogenic therapy works by inhibiting the growth 
of new blood vessels to the tumor. Most commonly used agents are sunitinib, pazo-
panib, axitinib, and cabozantinib. These agents target the vascular endothelial 
growth factor (VEGF) pathway. The therapy can prolong survival in metastatic clear 
cell RCC and is now being used in combination with immunotherapy.

Immunotherapy Immunotherapy is the golden child of medical oncology and is a 
relatively novel approach to metastatic cancer. Instead of attacking the tumor 
directly, these agents harness the body’s own immune system to respond to the can-
cer. While the human body likely constantly develops cancer, the immune system 
destroys these cells, preventing tumor formation. Occasionally, cancer cells escape 
and multiply using a network of supporting cells that protect it. Antigen-presenting 
cells (APCs) are the “look-out” entities that circulate in the body seeking potential 
oncologic developments, and T cells are the “army” of the immune system. Upon 
encountering a suspicious activity in the body, the APCs send a signal to a T cell 
soldier to multiply and attack the cancer. Since nonstop flow of T cells can be dam-
aging to healthy cells, a checkpoint protein mechanism (PD-1) is set up to stop T 
cell multiplication just as the right number of these cells has been produced. Some 
tumors manage to shut off the T cell multiplication too early in the immune process. 
Therefore, the checkpoint inhibitor drugs, the most common type of immunother-
apy, prevent T cells from being switched off and allow the immune system to safely 
destroy cancerous sites. Immunotherapy has now been approved to treat multiple 
cancers including bladder cancer, head and neck cancer, Hodgkin’s lymphoma, non- 
small cell lung cancer, melanoma, and kidney cancer. PD-1 inhibitors such as pem-
brolizumab (Keytruda) and nivolumab (Opdivo) are most commonly used in RCC 
[12]. Although objective responses can be seen in a large proportion of patients, 
immunotherapy side effects need to be kept top of mind. These include thyroiditis, 
pneumonitis, adrenal insufficiency/hypotension, cardiac arrhythmias, neuro- and 
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liver toxicity, and dermatologic complications. Vigilance must be high in patients 
receiving these therapies, since delay in diagnosis can result in death. For instance, 
patients on immunotherapy presenting with symptoms of pneumonia need to be 
started on steroid therapy to stem what can be a rapidly evolving immunotherapy- 
induced pneumonitis. Indeed, some patients are placed on long-term steroid courses 
or required to discontinue immunotherapy completely due to toxicity.

Screening of General Population To a patient and family, a diagnosis of renal 
cancer is emotionally and physically challenging. A provider then may logically 
contemplate whether universal screening renal ultrasounds (much like mammogram 
at 40 and colonoscopy at 50) have merit. Renal cell carcinoma though has a low 
prevalence in general population; therefore, screening everyone is not recommended 
at this time in order to avoid financial stress and unnecessary anxiety to a patient. 
Indeed, many subclinical lesions that never need treatment are likely to be uncov-
ered, resulting in overdiagnosis and overtreatment. Those with inherited conditions 
such as von Hippel-Lindau syndrome and tuberous sclerosis, younger patients with 
end-stage renal disease, those with family history of RCC, and those with prior 
kidney irradiation should be carefully monitored with periodic imaging.

What about patient KC whom we met in the beginning of the chapter? Staging 
workup was ordered after the first visit, and KC was free from metastasis. His 5-cm 
renal was of intermediate complexity based on the RENAL nephrometry scoring 
system. A robotic partial nephrectomy was successfully performed, and pathology 
revealed a 5-cm grade-3 clear-cell renal cell carcinoma. KC will have close follow-
 up with urologic oncology. At each visit, we will order restaging imaging and blood 
work. Follow-up is a long road ahead, but for now, the patient and his family exhale 
a cautious sigh of relief. So do I.

Pearls for the Advanced Practice Practitioner
• Kidney mass is often discovered incidentally. Not all lesions are cancer 

and not every tumor needs invasive treatment.
• Kidney cancer risk factors: smoking, hypertension, obesity, acquired cystic 

disease of the kidney, exposure to toxins (cadmium, asbestos, petroleum), 
genetic factors, sickle cell trait, DM, and polycystic kidney disease.

• Kidney lesion biopsy can help patients avoid invasive treatment of a benign 
renal mass.

• Refer to a genetic counselor if multiple family members are involved and 
younger at the time of diagnosis (40 or below) and if bilateral tumors or 
known inherited syndromes are present.

• Use NCCN guidelines: user-friendly format; registration is free for APCs 
(NCCN.org).

E. Dreyzin and A. Kutikov
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Chapter 21
Targeted Therapies for Treatment 
of Metastatic Renal Cell Carcinoma

Jessica Matande and Adam C. Reese

 Introduction

In the United States, renal cell carcinoma (RCC) is the seventh most common can-
cer in men and the ninth most common cancer in women, with over 60,000 new 
diagnoses annually [1]. Furthermore, the incidence of RCC has increased over the 
past several decades, largely due to the widespread adoption of cross-sectional 
imaging resulting in a higher incidence of incidentally detected renal masses. 
Unfortunately, despite the enhanced detection of these early-stage lesions, approxi-
mately 20–30% of patients with kidney cancer have metastatic disease at diagnosis 
[2]. Prognosis in such patients is poor, with 5-year survival rates of roughly 26% [3].

Several centers have identified prognostic criteria to characterize disease risk 
among patients with metastatic RCC. One of the most widely employed prognosti-
cation systems is that developed by Memorial Sloan Kettering Cancer Center 
(MSKCC), which stratifies patients with advanced or metastatic renal cell carci-
noma into favorable, intermediate, or poor risk categories based on the presence or 
absence of five risk criteria (Fig. 21.1) [4]. Figure 21.2 elucidates the Karnofsky 
performance score used in the MSKCC system. The MSKCC system is useful in 
predicting patient prognosis, ranging from a median survival of only 4 months for 
those with poor risk disease to 20  months for those with favorable disease. 
Furthermore, this categorization helps clinicians delineate treatment protocols, as 
recommended management strategies often differ by disease risk.

This chapter discusses the various targeted therapies used to manage metastatic 
renal cell carcinoma (metastatic RCC). Several of these agents are currently consid-
ered first-line treatment for favorable risk metastatic RCC by the National 
Comprehensive Cancer Network (NCCN). Immunotherapies, which will be 
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MSKCC (Memorial Sloan Kettering Cancer center) Risk Classification

Lactate dehydrogenase level >1.5 times upper limit of normal
Hemoglobin level < lower limit of normal
Corrected serum calcium level >10 mg/dl
Absence of prior nephrectomy
Karnofsky performance score 80 or less
2 or more sites of organ metastasis

Poor risk (3 or more of 5 factors)
Intermediate risk (1 or 2 of 5 factors)

Poor Prognostic Features

MSKCC Risk Classification (Includes the First Five Poor prognostic
Features)

Fig. 21.1 Memorial Sloan Kettering Cancer Center risk classification [4]

Normal; no complaints; no evidence of
disease.

Able to carry on normal activity; minor
signs or symptoms.

Normal activity with effort; some signs or
symptoms of disease.

Care for self; unable to carry on normal
activity or to do active work.

Requires occasional assistance but is able
to care for most of his needs.

Requires considerable assistance and
frequent medical care.

Disabled; requires special care and
assistance.

Severely disabled; hospitalization
necessary; active supportive treatment is
necessary.

Very sick; hospitalization necessary;
active supportive treatment is necessary.

Moribund; fatal processes progressing
rapidly.

Dead.0

10

20

30

40

50

60

70

80

90

100

Score (category) Karnofsky

Fig. 21.2 Karnofsky performance status scale definition rating (%) criteria [5]
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discussed in a separate chapter, are now often considered preferred initial manage-
ment for patients with intermediate/poor risk disease, although targeted therapies 
may be beneficial in these patients as well.

Targeted therapies for metastatic RCC were initially discovered through the 
characterization of molecular pathways resulting in hereditary kidney cancer syn-
dromes. One of the best characterized hereditary RCC syndromes is von Hippel-
Lindau (VHL) syndrome, an autosomal dominant syndrome resulting in various 
malignancies that can manifest in the retina, central nervous system, and kidneys 
[6]. Patients with VHL syndrome inherit one mutated VHL allele, and the second 
allele undergoes somatic mutation or deletion in order to promote the oncologic 
process, which follows the “two-hit hypothesis” model [6]. VHL is a tumor suppres-
sor gene and encodes the VHL protein which is involved in growth factor signaling 
and cell division. Mutations of the VHL gene disrupt this signaling pathway, thereby 
promoting tumor development. As such, patients with germline VHL mutation, 
resulting in VHL disease, are prone to early-onset, multifocal, and bilateral clear 
cell RCC.

Interestingly, aberrations of the VHL gene also appear to play a role in sporadic 
(non-syndromic) RCC.  Somatic mutations of the VHL gene have been found in 
roughly 60% of patients with sporadic clear cell renal cell carcinomas [6]. Thus, 
aberrations in this VHL signaling pathway appear to promote carcinogenesis in both 
syndromic and sporadic cases of clear cell RCC.

The VHL gene was first identified in 1993, and a more detailed characterization 
of the VHL signaling pathway followed in subsequent years, ushering in the discov-
ery of targeted therapy [3]. Manipulating various aspects of the VHL molecular 
signaling pathway allowed for the development of targeted therapies that revolution-
ized the treatment of metastatic RCC and have since been incorporated into standard 
treatment paradigms for advanced kidney cancers. These targeted therapies include 
tyrosine kinase inhibitors (TKI), vascular endothelial growth factor (VEGF) inhibi-
tors, and mammalian target of rapamycin (mTOR) inhibitors. Each of these agents 
works at a different stage of the oncologic process, exhibiting antitumor effects 
through inhibition of tumor angiogenesis and cell proliferation (see Fig. 21.3).

It is important to note that aberrations in the VHL signaling pathway typically 
result in clear cell RCC, as opposed to other histologic subtypes such as papillary or 
chromophobe RCC.  Since tumors with these non-clear cell histologies likely 
develop through distinct molecular pathways, conventional targeted therapies are 
typically not as effective in managing metastatic non-clear cell RCC. Therefore, it 
is important to obtain tissue for histologic evaluation, as treatment recommenda-
tions often differ for clear cell RCC versus other histologies. For patients with newly 
diagnosed metastatic RCC, tissue sampling can be performed via biopsy of the kid-
ney or through cytoreductive nephrectomy if otherwise indicated. NCCN guidelines 
recommend performing tissue sampling of some form to confirm diagnosis of RCC 
and also to determine histology in order to guide patient management [7].

21 Targeted Therapies for Treatment of Metastatic Renal Cell Carcinoma
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 Tyrosine Kinase Inhibitors

Tyrosine kinase inhibitors (TKIs) are currently considered first-line therapy for 
favorable risk metastatic clear cell RCC. The medications in this treatment category 
include sunitinib, pazopanib, sorafenib, cabozantinib, and axitinib. TKI’s mecha-
nism of action is through competitive inhibition of ATP at the catalytic binding site 
of tyrosine kinase. Tyrosine kinase is essentially an “on” or “off” switch for many 
cellular functions, including cell growth and division.

Tyrosine kinase inhibitors were first introduced as treatment options for RCC in 
2005 with the development of oral sorafenib. Sorafenib is a small molecule that 
inhibits several tyrosine kinases [8]. At the time TKIs were being developed, cyto-
kine therapies such as interferon-α-2a and interleukin 2 were first-line therapy for 
advanced RCC, albeit with relatively low tumor response rates and poor patient 
tolerability due to adverse effects. A randomized phase II trial published in 2009 
was performed to test the efficacy and safety of sorafenib against cytokine-directed 
therapy with interferon-α [9]. This study demonstrated no difference in progression- 
free survival (PFS); however, patients receiving sorafenib showed greater tumor 

Fig. 21.3 Targeted therapy pathways [1]
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regression, better quality of life, and improved tolerability compared to those receiv-
ing interferon-α [9]. Due to development of multiple alternative options and lack of 
recent use of sorafenib as first-line therapy in this category, the NCCN no longer 
recommends it as first-line treatment for these patients. The results of the TARGET 
trial, testing this medication against placebo in patients with disease progression 
after prior cytokine therapy, relegated sorafenib to an acceptable choice as a subse-
quent therapy option for patients failing cytokine therapies [10]. However, due to its 
relative affordability as well as acceptable clinical efficacy and safety profile, it is an 
appropriate option for first-line treatment in settings where cost is a concern [9].

Sorafenib is an oral medication that comes as 200-mg tablets. It is dosed 400 mg 
(two tablets) orally twice daily without food [11].

Sunitinib, an agent that targets multiple tyrosine kinases, was approved by the 
FDA for treatment of metastatic RCC in 2006. An initial phase III trial comparing 
sunitinib to interferon-α demonstrated superiority of sunitinib in treatment efficacy, 
with an improvement in median progression-free survival of 6 months, as well as 
superior patient tolerability [12]. A subsequent update of this trial reported improved 
overall survival rates in patients managed with sunitinib [13]. Based on these data, 
sunitinib is now considered a preferred initial therapy for patients with favorable 
risk metastatic clear cell RCC.

Sunitinib has also shown efficacy, primarily in data from phase II clinical trials, 
in the management of patients with non-clear cell histologies including papillary 
and chromophobe RCC [14, 15]. Nonetheless, outcomes in this population are poor 
compared to patients with metastatic clear cell RCC, underscoring a need for better 
systemic therapies in patients with non-clear cell histology.

Sunitinib comes in capsule formation and is usually prescribed to be taken 50 mg 
orally once daily, with or without food. It is taken for 4 weeks followed by a drug 
holiday for 2 weeks [16, 17].

Pazopanib is another targeted therapy currently considered to be first line for the 
management of favorable risk metastatic clear cell RCC. Pazopanib functions as an 
antiangiogenic agent targeting several intracellular receptors. Pazopanib was ini-
tially compared to placebo in a trial of 435 patients with advanced or metastatic 
RCC, including patients who were treatment naive as well as those previously 
treated with cytokine therapy [18]. Pazopanib resulted in improved progression-free 
survival and tumor response rates in both groups of patients. The COMPARZ trial 
was subsequently performed as a head-to-head study comparing pazopanib and 
sunitinib. The final results demonstrated similar efficacy in terms of overall survival, 
but differences in adverse effects between these agents [12]. The later PISCES trial 
supported results of COMPARZ trial but suggested that pazopanib was better toler-
ated by patients, with less fatigue and less changes in food taste. Based on these 
data, both pazopanib and sunitinib are considered acceptable first-line therapies for 
metastatic clear cell RCC [19].

Pazopanib comes in tablet formation and is prescribed 800 mg orally once daily 
without food. It should be given at least 1 hour before or 2 hours after a meal fol-
lowing the standard TKI dosage cycle discussed above. Pazopanib comes in 200- 
and 400-mg tablets [20].

21 Targeted Therapies for Treatment of Metastatic Renal Cell Carcinoma
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Cabozantinib is a small molecule inhibitor of several tyrosine kinases. This agent 
has shown efficacy in the initial management of patients with intermediate or poor 
risk disease, as well as among patients progressing after prior targeted therapy. The 
CABOSUN trial compared cabozantinib to sunitinib in patients with newly diagnosed 
intermediate or poor risk metastatic RCC and found an increase in progression- free 
survival and significantly higher objective response rates compared to sunitinib [21]. 
As such, it is considered to be a first-line therapy for patients with poor- and interme-
diate-risk metastatic clear cell RCC. Cabozantinib has also shown to be effective in 
the managing patients with disease progression after prior TKI-directed therapy. The 
METEOR trial compared cabozantinib to everolimus in such patients and found 
increased overall survival, delayed disease progression, and improved object response 
rates in the cabozantinib group [22]. As such, cabozantinib is considered a preferred 
option for managing patients with recurrent disease after failing prior targeted therapy.

Cabozantinib is prescribed 60 mg orally daily without food [23].
Axitinib is a selective, second-generation inhibitor of VEGFR-1, VEGFR-2, and 

VEGFR-3. This agent was previously used predominantly as second-line treatment. 
More recently, however, it has shown efficacy as initial therapy. As initial therapy, 
axitinib has demonstrated improved objective response rates compared to placebo 
and a similar efficacy and safety profile when compared to sunitinib [24, 25]. Based 
on these results, axitinib is now considered a first-line treatment option for patients 
with favorable risk metastatic clear cell RCC [24].

Axitinib comes in tablet formation, and it is typically dosed as 5 mg orally twice 
daily with or without food [26].

The most commonly reported side effects of these treatments listed during their 
clinical trials and per manufacturer guidelines are reviewed in the table below [16, 
20, 21, 23]. You will see that many of these treatments have similar side effect pro-
files. In a later section, breakdown of how to monitor and manage the side effects 
will be reviewed in detail. Distinct from the other TKIs, pazopanib has the potential 
for grade 3 hepatotoxicity. It is critical to monitor liver function before and during 
treatment with all TKIs, as they can all affect liver function, and in particular with 
pazopanib treatment [27]. Despite this extensive list, TKIs generally appear to be 
well tolerated [28].

TKI side effect comparison

Pazopanib Sunitinib Axitinib Sorafenib Cabozantinib

Hepatotoxicity  
(+++ = grade 3 toxicity)

+++ + + + +

Diarrhea + + + + +
Hypertension + + + + +
Hair color changes + +
Nausea/vomiting + + + +
Anorexia +
Fatigue + + + + +
Weakness + +
Abdominal pain +

J. Matande and A. C. Reese



245

Pazopanib Sunitinib Axitinib Sorafenib Cabozantinib

Headache +
Hematologic abnormalities + + + +
Hand-foot syndrome + + +
Weight loss + +
Decreased appetite + +
Thyroid dysfunction + + +
Congestive heart failure + +
QTc prolongation +
Rash +
Alopecia +
Fistula or GI perforation + +
Stomatitis + +

Per manufacturer guidelines, a complete blood count (CBC), thyroid-stimulating 
hormone (TSH), and liver function tests (LFTs) should be performed before treatment 
to establish a baseline. CBC should be repeated on day 1 of each subsequent treatment 
cycle, or every 6 weeks [16, 17]. TSH should be repeated on day 1 of each cycle for 
4 cycles and then every 3 months thereafter, with particular attention for patients tak-
ing sorafenib, axitinib, or sunitinib. A baseline comprehensive metabolic panel (CMP) 
and urinalysis (UA) should be collected and repeated every 6 weeks to monitor renal 
function. For patients on pazopanib, it is recommended that LFTs are rechecked at 
weeks 3, 5, 7, and 9 and then months 3 and 4 and periodically or as needed thereafter 
[20]. Pazopanib also carries a risk of QTc prolongation. It should be used with caution 
in patients who take antiarrhythmics or other medications that can also cause this side 
effect. Baseline and periodic electrocardiogram is recommended [20].

Patients are generally expected to continue the treatment regimen until disease 
progression is noted or they experience unacceptable toxicity. The toxicities are 
medication and dosage dependent as discussed above. In regard to TKIs as a whole, 
the major concern is for hepatotoxicity, particularly with pazopanib. It can be evalu-
ated and monitored using the National Cancer Institute’s Common Toxicity Criteria, 
which are broken down by body part affected or symptoms experienced. This helps 
define when to alter dosages, put the patient on a drug holiday, or discontinue the 
treatment altogether. For dose modifications, the respective medication’s manufac-
turer guidelines should be referenced.

The NCCN guidelines for RCC state patients undergoing treatment for advanced 
RCC should be reevaluated in the office and have follow-up imaging every 
6–16 weeks. Repeat chest, abdominal, and pelvic imaging with CT or MRI should 
be ordered and compared to baseline imaging. Imaging of the spine or full body 
bone scans can be ordered if and when clinically indicated [7]. Radiographic evi-
dence of disease progression typically indicates a change in treatment is needed. 
These guidelines should be followed for all targeted therapy treatments.

A difficulty in assessing treatment success versus failure with TKI agents is that 
these therapies, when effective, often result in central necrosis of the tumor while the 
overall size of the tumor remains stable. Response Evaluation Criteria in Solid Tumors 
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(RECIST) have classically been used to determine radiographic response to therapy 
and are the most widely accepted method to objectively assess treatment response in 
metastatic RCC. This system notes the size of metastatic lesion and assesses treat-
ment response by measuring changes in the size of these lesions on serial imaging 
[29]. Because this system is based on the size of metastatic lesions, it can give a 
potentially false impression of treatment failure if the lesions do not obviously shrink 
in size but rather are experiencing central necrosis, as often is the case with TKIs.

 Anti-vascular Endothelial Growth Factor (VEGF) Antibodies

Vascular endothelial growth factor (VEGF) is a member of the platelet-derived 
growth factor (PDGF) family of growth factors. Signaling via VEGF results in 
angiogenesis and cell division and has been implicated in carcinogenesis of tumors 
in multiple organs. VEGF signaling plays a role in the VHL pathway described 
above (Fig. 21.1), whereby VHL gene inactivation leads to VEGF overexpression, 
which can promote RCC development. Inhibitors of the VEGF receptor have dem-
onstrated efficacy in the treatment of metastatic RCC.

Bevacizumab is an anti-VEGF antibody that interferes with the VEGF signaling 
pathway and is used to treat several types of cancers including colorectal and lung 
cancers, as well as RCC. In the management of RCC, bevacizumab is typically paired 
with interferon-α. This treatment was FDA approved in 2009, based on results from 
two large trials comparing bevacizumab plus interferon-α to interferon-α alone, show-
ing an increase in progression-free survival and a nonsignificant trend toward improved 
overall survival in the bevacizumab group, albeit with increased toxicity [30, 31].

Bevacizumab is dosed 10  mg/kg every 2  weeks with interferon-α, and it is 
administered as an intravenous infusion. The first dose is recommended to be 
infused over 19 minutes. If that is well tolerated, the second dose can be infused 
over 60 minutes, and subsequent doses can be infused over 30 minutes thereafter. 
Due to its potential effects on wound healing, patients should wait at least 28 days 
after surgery (such as cytoreductive nephrectomy) or until the surgical wound is 
fully healed to initiate treatment with bevacizumab [32].

The most common side effects of bevacizumab are hypertension, proteinuria, 
fatigue, headache, and bleeding. Other manufacturer warnings include bowel perfo-
ration or fistula formation, arterial and venous thromboembolic events, posterior 
reversible encephalopathy syndrome, infusion reaction, embryo-fetal toxicity, ovar-
ian failure, and congestive heart failure. Side effects attributed to interferon include 
fatigue, neutropenia, fever, and depression. Bevacizumab’s bleeding risk carries a 
black box warning. Women of child-bearing age should be advised of the potential 
risk of ovarian failure and potential risk to a fetus and therefore should be encour-
aged to use reliable contraception [33].

Patients using bevacizumab should have a full blood panel to establish baseline 
values prior to treatment. Blood pressure monitoring and UA should be repeated every 
2 weeks, so this can be done at each infusion appointment [32]. As with previous treat-
ments, these patients should also be reevaluated with full blood panel and imaging 
every 6–16 weeks [7]. Treatment should be altered or discontinued if patients develop 
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concerning toxicities – particularly with hemorrhage in this treatment class. Treatment 
should be discontinued if there is evidence of disease progression.

 Mammalian Target of Rapamycin (mTOR)

The mammalian target of rapamycin (mTOR) is a catalytic subunit of two protein kinase 
complexes and plays an important part in cell growth and proliferation/regulation. The 
mTORC1 site signal is switched on by several oncogenic pathways and is overactive in 
an estimated 70% of all human tumors. It drives many anabolic pathways in the cell and 
also suppresses important catabolic processes – most importantly autophagy.

Inhibitors of mTOR signaling have shown efficacy in the management of meta-
static RCC. The first agent found to inhibit mTOR was rapamycin, which was origi-
nally developed as an immunosuppressant to prevent solid organ rejection after 
transplantation. Rapamycin inhibits only some of the functions of mTORC1 and is 
cystostatic rather than cytotoxic, so it can cause promotion of other tumorigenic 
events. Because mTOR signaling is essential for normal cell viability, inhibiting it 
can cause unavoidable damage to healthy tissue [34].

Two analogs of rapamycin, everolimus and temsirolimus, are used to treat meta-
static RCC. Temsirolimus was FDA approved for advanced RCC in 2007 and has 
since expanded its use to several other cancers. The ARCC trial was a phase III, 
multicenter, randomized, open-label study of patients with metastatic RCC who 
were treatment naive and were categorized as poor risk group [22]. The study 
patients received interferon-α alone, temsirolimus alone, or a combination of temsi-
rolimus and interferon-α. The end results demonstrated that temsirolimus alone pro-
duced improved overall survival (OS) compared to the other two treatment groups. 
Thus, temsirolimus is considered a first-line treatment for patients with poor risk 
metastatic RCC, but it is not typically used for those with favorable risk disease.

Temsirolimus has also shown benefit as a second-line agent in patients progress-
ing after prior targeted therapy. The INTORSECT trial compared temsirolimus to 
sorafenib in patients who were previously treated with sunitinib as first-line therapy 
[25]. The results of this trial showed a benefit of temsirolimus in patients who had 
received less than 180 days of sunitinib therapy prior to progression. Thus, it was 
concluded that temsirolimus could be considered as second-line therapy in patients 
with an abbreviated response to first-line TKI treatment [35].

Temsirolimus is administered as a 25-mg intravenous infusion over a 
30–60- minute period once a week [36].

Everolimus is an mTOR inhibitor that was originally approved for second- and 
third-line therapy in patients with advanced RCC who progressed after initial TKI 
therapy. This recommendation was based on data from the RECORD-1 phase III 
trial comparing everolimus to placebo in patients who experienced disease progres-
sion on sunitinib or sorafenib [37]. Everolimus treatment resulted in improved 
progression- free survival of about 2  months compared to placebo. However, the 
subsequent METEOR and CheckMate 025 trials comparing VEGF medications to 
everolimus demonstrated VEGF superiority, thereby relegating mTOR inhibitors to 
third-line treatment [22, 38].
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Everolimus is orally administered 10 mg once daily [17].
The RECORD-3 trial was recently performed to determine the optimal sequenc-

ing of TKIs vs mTOR inhibitors in the initial management of metastatic RCC. This 
study compared sunitinib followed by everolimus after treatment failure to the 
opposite order of medications. Results showing the superiority of initial treatment 
with sunitinib suggest that TKIs, as opposed to mTOR inhibitors, should remain the 
initial therapy of choice in most patients.

The most common side effects of mTOR inhibitors include stomatitis, fatigue, 
hyperglycemia, hyperlipidemia, rash, diarrhea, anorexia, and nausea [39]. For 
everolimus specifically, noninfectious pneumonitis is a less common but concerning 
side effect. Noninfectious pneumonitis can be detected clinically or with chest x-ray 
if necessary [17]. Manufacturer warnings include monitoring for infection, severe 
hypersensitivity reactions, angioedema, renal failure, impaired wound healing, 
myelosuppression, and embryo-fetal toxicity [17]. Based on the severity of the side 
effect, treatment should be temporarily withheld or permanently discontinued.

Patients taking these medications should avoid live vaccines, and it is recom-
mended they receive complete childhood vaccinations prior to starting treatment 
[39]. Female patients who could become pregnant should be advised of potential 
risk to a fetus and use reliable contraception [36]. Patients taking an angiotensin- 
converting enzyme (ACE) inhibitor in addition to this treatment are at increased risk 
of developing angioedema, and if they do experience this side effect, the mTOR 
should be permanently discontinued [17].

Prior to starting treatment with an mTOR inhibitor, baseline labs including CBC, 
basic metabolic panel (BMP), serum glucose, and lipid panel should be checked. 
These labs should be rechecked every 2 weeks for the first three cycles and then 
every 4 weeks thereafter [40]. As discussed with previous treatments, these patients 
should also be reevaluated with imaging every 6–16 weeks [7].

 Summary of TKIs in Managing Metastatic Renal 
Cell Carcinoma

Over the past decade, the development of targeted therapies and immuno-oncology 
agents has revolutionized the treatment of patients with metastatic RCC.  These 
therapies, however, are in their infancy, and so we have much to learn about how 
they can best be deployed to optimize patient outcomes. Clearly, certain agents are 
preferred over others as first-line versus second-line therapy, to treat clear cell ver-
sus non-clear cell histology, and for favorable versus intermediate or poor risk dis-
ease. Figures  21.4 and 21.5 summarize the current recommendations from the 
National Comprehensive Cancer Network (NCCN) regarding preferred manage-
ment strategies in each of these settings. However, as novel agents are developed 
and additional research is published, these recommendations are likely to change. It 
is therefore of paramount importance that the provider remains up to date on the 
current literature to allow for delivery of the best possible treatment regimen to 
patients with metastatic RCC.
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Fig. 21.4 NCCN guidelines for relapse or stage IV disease – clear cell renal cell carcinoma

Fig. 21.5 NCCN guidelines for relapse or stage IV disease – non-clear cell renal cell carcinoma
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 Management of Treatment Side Effects

It is important to help patients manage their symptoms in order to optimize their 
health, ability to continue tolerating treatment, and overall sense of well-being. 
Patients should generally be encouraged to eat well, stay hydrated, walk or perform 
light exercise if they are able, and attempt to maintain normal routines with work 
and social life.

There are several more specific side effects that may require management, which 
can include reassurance, lifestyle modifications, or medical therapy. These are 
reviewed here and also included below in a reference table.

GI Complaints Patients with diarrhea should be encouraged to try probiotics/
yogurt, eat low fiber foods, have small but frequent meals, avoid spicy and fatty 
foods, and avoid caffeine and fruit. Over-the-counter medications, such as loper-
amide, can be used as needed. For complaints of stomatitis, similar recommenda-
tions are made but also include frequent mouth rinses, use of a straw to drink liquids, 
and consumption of soft foods. “Magic mouthwash,” which can include various 
combinations of viscous lidocaine 2%, Mylanta, nystatin, hydrocortisone, tetracy-
cline, and diphenhydramine, can be useful. Patients are instructed to swish the solu-
tion in their mouth and then spit it out and can repeat this every 4 hours as needed. 
They should avoid drinking and eating afterward for about 30 minutes to ensure the 
medication stays on the affected area. For anorexia, patients should be encouraged 
to try and eat several small meals a day, find snacks they can enjoy that are also 
nutritious, add gravy, butter, or cheese for added protein and calories, and drink 
fluids between meals instead of filling up on them while eating. For nausea and 
vomiting, ondansetron sublingual dissolving tablets and other anti-nausea medica-
tions can be helpful. If patients are bothered by certain food smells, it might be 
helpful to consume them at room temperature or cold. If they are too tired to cook, 
friends or family may be able to help prepare food. If they have trouble tasting food, 
you can suggest adding herbs and condiments. Getting a registered dietician 
involved can be very beneficial. Patients with abdominal pain and dyspepsia should 
be encouraged to eat slowly, remain upright after meals, and avoid heavy meals, 
coffee, and alcohol. Over-the-counter treatments such as antacid tablets or bismuth 
subsalicylate can be used short term and as needed. Patients should be monitored for 
bowel perforation or fistula formation throughout treatment with cabozantinib and 
axitinib. If the patient develops signs or symptoms of either complication, obtain 
abdominal imaging and consider admission for surgical evaluation and manage-
ment [26].

Dermatologic Complaints Patients with hand-foot syndrome, also known as 
palmar- plantar erythrodysesthesia, should be advised to wear loose fitting cotton 
clothes, use sunscreen, clean their hands and feet with warm water daily, and apply 
creams often and liberally. For patients with rash, determine whether it is due to an 
allergic reaction, dermatitis, dry skin, or other cause. Avoid exposure to allergens. 
Additionally, they may also benefit from short-term use of topical corticosteroid 
cream or emollients.
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Hypertension Blood pressure should be monitored at each visit. Treat hyperten-
sion with appropriate antihypertensives as needed. If hypertension persists despite 
medical therapy, adjust TKI medication dosage or discontinue TKI treatment [26].

Congestive Heart Failure Monitor patients for signs and symptoms throughout 
treatment. If symptoms arise, treat the condition and evaluate for the need to alter or 
discontinue use of the offending TKI [26].

Thyroid Dysfunction Monitor TSH for the respective medication as suggested pre-
viously. Treat hyper- or hypothyroidism when indicated to maintain euthyroid lev-
els [26].

Fatigue Fatigue is arguably one of the most common cancer-related symptoms. It 
can be a result of the disease itself or a side effect of treatment. It is difficult to 
quantify and surprisingly underdiagnosed. The National Cancer Institute’s Common 
Toxicity Criteria that were discussed previously also have a grading scale for 
fatigue. Classifying the severity of a patient’s fatigue will help determine the best 
way to address it. The NCCN discusses four interventions for fatigue. The first 
should be approached with every patient, and it involves general counseling of the 
patient and their family members regarding the expected effects of their treatment. 
The second intervention centers around teaching general strategies for managing 
fatigue such as self-monitoring, energy conservation, and diversions to keep patients 
occupied and their attention focused on other things. The third intervention is more 
complex and involves nonpharmacologic treatments such as exercise, referral to 
rehabilitation services, psychosocial treatments, support groups, and nutrition con-
sultation. The fourth intervention involves treatment with medication that can 
include psychostimulants, treatment for anemia, and sleep medication. It is impor-
tant to listen to your patient and not to dismiss their complaints. Fatigue, though 
seemingly ubiquitous and insurmountable, can be managed [3].

Side effect Lifestyle management options
Medical management 
options

Diarrhea Do: probiotics, yogurt, low fiber foods; eat 
small, frequent meals
Don’t: spicy foods, fatty foods, caffeine, and 
fruit

Loperamide

Stomatitis See above “Magic mouthwash”
Anorexia Do: several small meals a day, find enjoyable 

and nutritious snacks; add gravy, butter, or 
cheese; drink fluids between meals; ask 
friends/family to prepare meals; add herbs 
and condiments for flavor; consult registered 
dietician, consume foods at room 
temperature or cold to avoid bothersome 
food odors

Abdominal pain and 
dyspepsia

Do: eat slowly; stay upright after meals; 
avoid heavy meals, coffee, and alcohol

Antacid tablets
Bismuth subsalicylate
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Side effect Lifestyle management options
Medical management 
options

Palmar-plantar 
erythrodysesthesia 
(hand-foot syndrome)

Do: wear loose fitting cotton clothes, use 
sunscreen, clean hands and feet with warm 
water daily, apply creams often and liberally

Short-term use of 
topical corticosteroid 
creams

Hypertension Do: diet modification (particularly salt 
intake) if indicated

Antihypertensive 
medication as indicated
Adjust TKI therapy 
dose or discontinue if 
HTN persists despite 
medical therapy

Fistula or bowel 
perforation

Monitor for symptoms 
throughout treatment
Obtain abdominal 
imaging when 
clinically indicated
Admit for surgical 
evaluation/intervention 
prn

Nausea/vomiting Do: avoid triggers if possible Ondansetron
Hydration assistance 
(PO or IV prn)

Thyroid dysfunction Monitor TSH
Treat hyper- or 
hypothyroidism as 
indicated to maintain 
euthyroid levels

Rash Do: identify the cause: allergic reaction, 
dermatitis, or dry skin; avoid allergens; wear 
loose fitting cotton clothes; use sunscreen; 
clean hands and feet with warm water daily; 
apply creams often and liberally

Corticosteroid 
cream – short-term use 
only

Pearls for the Advanced Practice Provider
• Refer to NCCN Kidney Cancer guidelines as needed.
• Manufacturer guidelines are helpful references for questions regarding 

administration of each medication and management of side effects.
• Follow the guidelines discussed regarding when to order follow-up labs 

and imaging, in addition to obtaining a thorough history and physical, to 
ensure the patient is tolerating treatment and responding as expected.

• Refer to the suggested management for side effects in order to help patients 
maintain or improve their quality of life during treatment and avoid the 
early termination of treatment due to adverse effects.
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Chapter 22
Immune Therapies for Metastatic Kidney 
Cancer

Kassem S. Faraj, Thai H. Ho, Mark D. Tyson, and Erik P. Castle

 Background

One of the earliest reports demonstrating the potential application of immunomodu-
lation for tumor regression was when administration of interleukin-2 (IL-2) led to a 
reduction of tumor burden in a patient with melanoma in 1984 [1]. This has since 
led to significant interest in the field of immunology and its role in managing vari-
ous malignancies. The earliest studies evaluating the efficacy of immune system 
modulation in cancer demonstrated responses in advanced melanoma, lung cancer, 
colorectal cancer, bladder cancer, and renal cell carcinoma (RCC). The specific 
modulators that have been studied and used for therapy in advanced RCC include 
drugs involved in the pathways of IL-2, interferon alfa, cytotoxic T-lymphocyte 
antigen-4 (CTLA-4), and programmed cell death protein-1 (PD-1). This chapter 
will discuss the clinical use of agents that modulate the above pathways.

 Interleukin-2

Interleukin-2 is a cytokine created by antigen-stimulated CD4 cells, CD8 cells, 
natural killers cells, and activated dendritic cells during the immune response. In 
early in  vitro studies, this cytokine was found to be a potent stimulator of the 
immune system, facilitating and inducing various components of the immune 
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system (Fig.  22.1) [2]. Specifically, studies in mice found that administration of 
IL-2 permits the induction of T-helper cells, cytotoxic T cells, and antibody produc-
tion [3].

One the earliest studies in humans that evaluated the effect of IL-2 on cancer was 
published by Lotze et al. This study involved ten patients with melanoma, colon 
cancer, and ovarian cancer. Patients were administered intravenously or intraperito-
neally with high-dose IL-2 (30,000 U/kg) three times a day. Half of the melanoma 
patients exhibited an objective response that was sustained up to 6 months after 
conclusion of therapy. This study discussed that at the time of preparation of the 
manuscript, one patient with metastatic renal cell carcinoma (RCC) with pulmonary 
metastasis demonstrated a complete response with IL-2 [4]. One report by Rosenberg 
et al. in 1989 described the use of IL-2 in 652 cancer patients. IL-2 was adminis-
tered alone or in conjunction with various adjunctive immunomodulators, cyto-
kines, monoclonal antibodies, or chemotherapeutic agents [5]. The report revealed 
that objective regression was appreciated in 20–35% of patients and was durable. As 
a result of the encouraging potential effectiveness of this therapy, numerous trials at 
that time were performed [4, 6–9]. Metastatic RCC was one of the cancers that was 
found to be favorably responsive to this treatment.

A study in 1994 that enrolled 283 consecutive patients with both metastatic mel-
anoma and RCC evaluated its efficacy in oncological outcomes. Seven percent of 
the RCC patients experienced complete regression, and 13% experienced partial 
regression [10]. At a 4-year update, the study reported a 19% overall response rate 

CD4 T cell
IL-2

CD4 T cell

CD8 T cell

TREG cell

Fig. 22.1 Interleukin-2 release from CD4 cell permitting activation of various T cells
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and 9% complete response rate in the metastatic RCC patients. As result of the 
encouraging data, the US Food and Drug Administration (FDA) approved the use of 
high-dose IL-2 for patients with metastatic renal cell carcinoma. Further studies 
confirmed both the efficacy and durability of this treatment. One study that reviewed 
seven phase 2 clinical trials involved 255 patients with metastatic renal cell carci-
noma and reported objective response rates of 15% of patients, with 7% complete 
responses and 8% partial responses. The responses were durable in many patients, 
as some experienced complete and partial responses for up to 80 and 131 months, 
respectively [11]. Although early studies suggested that administration of 
lymphokine- activated killer (LAK) cells with IL-2 facilitated tumor regression, this 
was found to be an ineffective adjunct to the IL-2 regimens in patients with meta-
static RCC [6].

IL-2 was one of the first-line therapies for metastatic RCC for years but was not 
without its risks. Its use had been associated with significant toxicity and costs and 
its limitation to only be used at specialized centers. The toxicity of IL-2 was recog-
nized in early studies, as Margolin et al. reported on toxicities in 93 patients who 
received high-dose IL-2 [12]. The most frequent toxicities observed were a capillary 
leak syndrome, which resulted in significant fluid shifts, hypotension, and vasopres-
sor support. Nearly all patients experienced hepatic and kidney dysfunction. These 
adverse effects were found to be highly dose dependent and reversible after stop-
ping treatment [7].

In an attempt to reduce the incidence and severity of adverse events, various 
therapy modifications were attempted. Reduced doses of IL-2 were studied in com-
parison to the standard high-dose regimen and were found to be less clinically active 
than the higher dose [13]. High-dose IL-2 was also compared to a combination of 
subcutaneous IL-2 with interferon in metastatic RCC, and the high-dose IL-2 was 
superior in regards to response rate. This study also suggested that patients with 
liver or bone metastasis may specially benefit from the high-dose regimen [14]. It 
was maintained as one of the first-line treatments for patients with metastatic RCC 
until recent years, when some of the less toxic, more efficacious therapies were 
described. Some of these therapies will be discussed later in this chapter.

 Dose

The therapeutic dose and regimen of IL-2 varies in the literature. It has been found 
to be effective when used via an intravenous or subcutaneous route. The intrave-
nous cycle typically consists of administration of a range of doses (7  ×  104 to 
18 × 106 U/kg). Various treatment regimens have been described using the intrave-
nous route. One of the examples of an effective regimen described using an induc-
tion cycle of 18 × 106 IU/m2 body surface area per day for 5 days for two courses, 
separated by at least 6 days. This is followed by a maintenance cycle consisting of 
one 5-day course of treatment. It was recommended that patients undergo two 
induction cycles and two maintenance cycles, with each cycle separated by 3 weeks 
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of no therapy [15]. Additional effective regimens have been described in the litera-
ture [9, 13, 16, 17].

The subcutaneous regimen also varies. Some have described daily treatments 
(Monday–Friday) for a given cycle, usually involving 250,000 U/kg/dose in the first 
week and then 125,000 U/kg/dose in subsequent weeks [13]. Another report that 
combined the subcutaneous route with interferon described using an initial dose of 
5  ×  106 every 8  hours for the first day, followed by daily treatments (Monday–
Friday) for 4 weeks for each 6-week cycle [14].

 Adverse Events

High-dose IL-2 is associated with many adverse events. Some are discussed above, 
but to summarize, patients can experience a range of adverse effects. Some of the 
low-grade complications include nausea, diarrhea, mild hematologic toxicities, ele-
vation in liver enzymes, fevers, chills, fatigue, and rash. The high-grade complica-
tions can be related to a capillary leak syndrome that can result in significant 
vasodilation, severe fluid overload, and hypotension. Other side effects include con-
fusion, depressed level of consciousness, renal dysfunction leading to oliguria, neu-
rotoxicities, and cardiac toxicities. Patients can also experience severe infections 
due to neutrophil dysfunction [9, 16]. Patients commonly require intensive care unit 
admission and vasopressor support [16].

 Interferon Alfa-2a

Interferon alfa-2a (IFN α2a) is a protein with immunomodulatory effects, including 
tumor regression. It is thought to increase the expression of HLA molecules, as well 
as facilitate activation of CD8 cells, which can have cytotoxic effects on tumor cells 
(Fig. 22.2) [18]. In some of the earliest reports, this drug was found to be effective 
as an antitumor agent in malignancies such as Kaposi’s sarcoma, hairy cell leuke-
mia, and cutaneous T-cell lymphoma [19]. As a result, it was eventually studied in 
metastatic RCC.

In a retrospective study by Quesada et al., 19 patients with metastatic RCC were 
given 3 × 106 units of daily IFN α2a or doses of 18 × 106 or 36 × 106 units twice 
weekly. Twenty-six percent of patients showed a partial response, 10.5% experi-
enced an objective minor response, 16% of patients experienced mixed effects (i.e., 
progression in some sites and regression in other sites), 10.5% had disease stabiliza-
tion, and 37% progressed [20]. In a prospective study that looked at various doses 
of IFN α2a in 159 patients with metastatic RCC, a 10% overall response rate was 
observed, and median overall survival was 11.4 months, with only 3% of patients 

K. S. Faraj et al.



259

being alive at 5 years or more [21]. A later randomized trial that looked at IL-2, IFN 
α2a, or both in patients with metastatic RCC revealed response rates of 6.5%, 7.5%, 
and 18.6% for the three groups, respectively. Event-free survival rates were 15%, 
12%, and 20%, respectively. The combination group experienced a greater inci-
dence of adverse events. Overall survival was similar in the three groups [15]. The 
overall median survival between the three groups was 12, 13, and 17  months, 
respectively. These differences were not statistically significant. Several other stud-
ies revealed similar survival benefit with interferon monotherapy [22, 23]. As a 
result of its efficacy, though limited in nature, it was considered one of the first-line 
therapeutic options in patients with metastatic RCC.

IFN α2a was commonly used until it was found to be inferior to some of the 
newer agents that were introduced for metastatic RCC around 10 years ago. In a 
multicenter, phase 3, randomized trial of 626 patients with previously untreated, 
poor prognostic metastatic RCC, patients were stratified to receive the mTOR 
(mammalian target of rapamycin) kinase inhibitor (temsirolimus), IFN α2a, or com-
bination therapy. The patients who received temsirolimus alone had a significantly 
longer overall survival compared to the other two groups. Median overall survival 
times were 10.9, 7.3, and 8.4  months, respectively. Fewer patient experienced 
adverse events in the temsirolimus group than the interferon group. As newer agents 
such as mTOR inhibitors and checkpoint inhibitors became better understood and 
studied more, the use of both interferon and IL-2 significantly decreased due to 
decreased comparative efficacy and/or increased toxicity.

Natural
killer cellIFN-alfa 2a

Antigen-
presenting cell

Fig. 22.2 IFN-alfa-2a release from antigen-presenting cells leading to activation of natural 
killer cell
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 Dose

There are various doses and regimens that have been described for IFN α2a use in 
metastatic RCC. One of the regimens described for IFN α2a has been a subcutane-
ous route of 18 × 106 IU per day three times a week for 10 weeks as an induction 
treatment and then an additional 13 weeks as maintenance [15]. Another regimen 
includes subcutaneous injection of 5 × 106 IU of IFN α2a three times per week for 
4  weeks as a 6-week cycle, with a maximum of six cycles [14]. The Medical 
Research Council Renal Cancer Collaborators described a regimen that consisted of 
a first week of IFN α2a with three treatments of 5, 5, and × 106 IU, followed by three 
treatments per week of 10 × 106 IU, for a total of 12 weeks [23].

 Adverse Events

Some of the side effects that have been described for interferon treatment include 
lack of appetite, anorexia, fatigue, nausea, dry mouth, shivering, heartburn, and 
hepatotoxicity [21, 23, 24].

 Immunomodulators and Checkpoint Inhibitors

 Mechanism and Biology

There are various factors that regulate T-cell homeostasis in the immune system. For 
a T cell to be activated, the T-cell receptor must bind the antigen of interest. This 
interaction alone is insufficient to activate a T cell. As a result, if only this interac-
tion occurs, without an additional costimulatory stimulus, the T cells will become 
unresponsive (i.e., anergy) [25]. A second signal is required to permit T-cell activa-
tion (i.e., costimulation). This second signal typically involves the protein CD28, 
which is on the T cells. Upon stimulation by ligands on antigen-presenting cells 
(B7-1 or B7-2), activation of the T cell ensues [26]. Cytotoxic T-lymphocyte anti-
gen- 4 (CTLA-4) is a protein that is a competitive inhibitor for B7-1/B7-2 that has a 
much greater affinity for these proteins than CD28. This protein functions as an 
inhibitor for T-cell activation [25, 26]. Consequently, increased activity of CTLA-4 
can result in T-cell inhibition.

Another important pathway involves programmed cell death protein (PD-1) and 
the related ligand (PD-L1). PD-L1 is expressed by the various tumor cells and helps 
facilitate continued growth of the tumor cells by negatively regulating the immune 
system. When PD-L1 on tumor cells binds PD-1 on T cells, there is an inhibition of 
cytokine release and cytotoxic activity of antitumor T cells, permitting tumor growth 
[27]. Therapies involved in the above pathways (Table 22.1) will be discussed below 
in the form of CTLA-4 and PD-1 inhibitors.
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 Cytotoxic T-lymphocyte Antigen-4

One of the early reports that studied the antitumor effects of inhibiting CTLA-4 
involved a study in mice that were injected with transfected tumor cells. These 
mice were then treated with anti-CTLA-4 or anti-CD28. Mice injected with anti-
CTLA-4 exhibited inhibited tumor growth as compared with the anti-CD28-treated 
mice and the controls. The study concluded that removing inhibitory signals in the 
costimulatory pathway can enhance antitumor immunity (Fig. 22.3a and b) [28]. 
As a result of the encouraging preclinical studies, this therapy was investigated in 
clinical trials.

Ipilimumab is a CTLA-4 antibody that was found to be initially effective in 
achieving durable tumor regression in patients with melanoma [29]. Because RCC 
has previously been found to be immunoresponsive, a phase II trial was performed 
to evaluate the efficacy of ipilimumab in metastatic RCC. The trial consisted of 61 
patients with metastatic RCC who were given two different regimens of ipilim-
umab. One group received 3 mg/kg for the first treatment followed by 1 mg/kg every 
3 weeks, while the other received 3 mg/kg every 3 weeks. Partial responses were 
experienced 5/40 (12.5%) and 1/21 (4.8%) of the high- and low-dose groups, 
respectively [30]. The higher-dose cohort experienced a greater incidence of high- 
grade adverse reactions compared to the lower-dose group (42.5% vs 14%, respec-
tively). Interestingly, in the aforementioned study, the incidence of autoimmune 
adverse events was associated positively with tumor regression. Despite the encour-
aging data related to tumor regression, the high adverse effect profile was concern-
ing. As a result, the lower dose was used in trials as an adjunctive therapy option and 
will be discussed more in the section on PD-1 inhibition [31].

 Dose

Two doses have been described for ipilimumab monotherapy in the use of meta-
static RCC, 3  mg/kg and 1  mg/kg, as described in the previous section [30]. In 
modern studies, it is most effectively used as an adjunctive regimen. When used 
with nivolumab, it can be given at a dose of 1 mg/kg every 3 weeks for four doses 
during the induction regimen of therapy [32].

 Toxicity

Some of the toxicities experienced by patients receiving ipilimumab therapy include 
autoimmune toxicity (enteritis, hypophysitis), adrenal insufficiency, gastrointestinal 
toxicity, colonic perforation, diarrhea, or aseptic meningitis [30].
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Fig. 22.3 (a) Binding of CTLA4 to CD80/CD86 leads to inhibition of immune response. (b) 
Binding of anti CTLA4 molecule to CTLA4 leads to activation of immune response
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 Programmed Cell Death Protein-1

An early study that evaluated the safety and activity of anti-PD-1 antibodies in 
patients with advanced malignancies was a phase 1 trial that included 296 patients 
with various malignancies, including metastatic RCC. Patients in each malignancy 
cohort were stratified into three groups that received different doses of the anti-
body (1, 3, 10 mg/kg). Fourteen percent of patients had grade 3 or higher adverse 
events. Metastatic RCC patients experienced a 27% response rate with therapy. 
Responses were durable, as about 65% of responses lasted in patients with greater 
than 1-year follow-up [33]. As a result, it was widely believed that blocking of the 
PD-1 receptor can help facilitate an immune response against tumor cells 
(Fig. 22.4a and b).

One of the most well-studied drugs in the class of PD-1 inhibitors is nivolumab. 
An early phase 2 trial revealed that this drug demonstrated antitumor activity in 
patients with metastatic RCC who were previously treated with agents targeting the 
vascular endothelial growth factor pathway. Three different doses were used (0.3, 2, 
10 mg/kg) in a total of 168 patients. No dose-response relationship in progression- 
free survival (2.7, 4.0, 4.2 months), objective response rate (20%, 22%, 20%), over-
all survival (18.2, 25.5, 24.7 months), and adverse events (24%, 22%, 35%) was 
observed between the three groups [34]. Due to the encouraging antitumor activities 
of PD-1 inhibitors, they have been increasingly studied in the management of meta-
static RCC.

In a randomized study of 821 patients, nivolumab was compared to everolimus, 
a mammalian target of rapamycin (mTOR) inhibitor in patients who were previ-
ously treated with antiangiogenic therapy. The median overall survival was 25 and 
20 months, respectively. Nivolumab was also associated with a lower risk of death 
(HR 0.73) and a greater objective response rate (25% vs 5%), when compared to 
everolimus. High-grade adverse events were also less common in the nivolumab 
cohort (19% vs 37%) [35].

Another recent study was a phase 3 randomized trial that evaluated the efficacy 
of nivolumab plus ipilimumab versus sunitinib (vascular endothelial growth factor 
tyrosine kinase inhibitor) in 1096 patients with previously untreated metastatic 
RCC.  The first group received nivolumab (3  mg/kg) and ipilimumab (1  mg/kg) 
every 3  weeks for four doses (induction), followed by nivolumab monotherapy 
(3 mg/kg) every 2 weeks. The second group received sunitinib (50 mg) daily for 
4 weeks for each cycle. In the intermediate- and poor-risk groups, as characterized 
by the International Metastatic Renal Cell Carcinoma Database Consortium 
(IMDC), the overall survival at 18 months was 75% and 60% in the two groups, 
respectively. The objective response rate was 42% versus 27%, and complete 
response rate was 9% versus 1%. The nivolumab plus ipilimumab group experi-
enced a 3.2-month longer progression-free survival than the sunitinib cohort. The 
overall adverse event rates were high in both groups (93% and 97%), with a grade 3 
or 4 event occurring in 46% and 63% of patients, respectively [32].
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Fig. 22.4 (a) Binding of PD-1 and PD-L1 leads to inhibition of immune response. (b) Binding of 
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An aspect that can be related to the PD-1 inhibitor therapy effectiveness is the 
extent of PD-L1 expression on tumor cells. Patients who have tumors that are PD-L1 
negative may potentially have poor responses to anti PD-1 therapy [33]. When com-
paring tumors that have >1% vs <1% PD-L1 expression in patients undergoing 
anti- PD1 therapy, the former experiences significantly better objective response, 
progression-free survival, and overall survival compared with the latter. On the 
other hand, some studies have found that patients who are PD-L1 negative can still 
exhibit favorable responses from anti PD-1 therapy; thus PD-L1 expression may not 
adequately predict response to these agents [32].

 Dose

The dose that has been described for nivolumab is 3 mg/kg, but the regimen has 
varied in described studies. When used as a monotherapy, a regimen of 3 mg/kg 
every 2 weeks for median treatment duration of 5.5 months was used in one study 
[35]. When used in conjunction with ipilimumab, nivolumab is given at a dose of 
3  mg/kg every 3  weeks for four doses with ipilimumab (1  mg/kg), followed by 
monotherapy with nivolumab 240  mg every 2  weeks or 480  mg every 4  weeks. 
Though CHECKMATE 214 described a maintenance dose of Nivolumab at 3mg/kg 
every 2 weeks, the flat dosage is approved by the FDA in this setting. Both dosages 
have demonstrated similar pharmacokinetic properties, with the flat dosage poten-
tially providing a convenient option for patients and physicians.

 Adverse Events

Some of the more common treatment adverse effects related to nivolumab include 
fatigue, pruritus, nausea, diarrhea, and decreased appetite. Patients can also experi-
ence rash, anemia, dyspnea, peripheral edema, mucosal inflammation, distortion of 
taste, stomatitis, hypertriglyceridemia, or epistaxis [35].

 Conclusions

Immunomodulation is effective in managing patients with metastatic RCC. PD-1 in 
combination with CTLA-4 inhibitors should be considered as first-line therapies in 
these patients, particularly the patients classified as IMDC intermediate/poor risk. 
IL-2 and IFN α2a are historic options that are increasingly being replaced by check-
point inhibitors. Additional studies with novel checkpoint inhibitors as well as novel 
regimens and combinations are needed to further increase the armamentarium for 
the treatment of patients with metastatic renal cell carcinoma.
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Chapter 23
Novel Therapies for Renal Cell Carcinoma

Brooke Zilinskas

Despite the increased use of imaging modalities throughout medicine, and the over-
all increase in diagnosis of renal cell carcinoma (RCC), almost one third of patients 
with RCC will have metastasis at the time of their diagnosis. Furthermore, in 
patients diagnosed with organ-confined RCC, metastatic disease will develop 
20–40% of the time [1]. Metastatic RCC has an extremely poor prognosis with 
10-year survival rates less than 5% [2]. However, in the past decade, there have been 
some “novel” therapies in the treatment of metastatic RCC that show promise. A 
quick Internet search through the National Institutes of Health will show many 
ongoing clinical trials in all phases. Some novel agents and some older agents, 
being used in these trials, may offer more hope to our patients presenting with or 
progressing to metastasis. In this chapter, we will discuss some of the novel agents 
that have changed current treatment guidelines and show promise in these clinical 
trials. It is also noteworthy to mention that the current landscape of treatment for 
metastatic RCC is changing so rapidly, with the publication of new data from clini-
cal trials of all phases, that by the time of this publication, there will surely be new 
data released and potentially updated guidelines. The best way for the practitioner 
to stay current in the treatment of metastatic RCC is to review published literature 
and trusted guidelines regularly.

 Nivolumab

Nivolumab is a novel agent that interferes with the inhibition of the body’s immune 
system response. After shrinking tumors in mouse models, it has been used on a 
wide variety of cancers. Melanoma, non-small cell lung cancer, hepatocellular 
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carcinoma, and renal cell carcinoma are only a few of the cancers that have been 
targeted with this agent [3].

At a cellular level, nivolumab interferes with the programmed death receptor-1 
(PD-1), which is partly responsible for tumor-induced immune suppression. 
Nivolumab allows the body to mount an immune response and fight the cancer cells. 
It is given intravenously every 2 or 3 weeks depending on study protocol and guide-
lines. Adverse reactions include adrenocortical insufficiency, aplastic anemia, coli-
tis, diabetes, encephalopathy, hand and foot syndrome, and other inflammatory- or 
immune-mediated conditions. High-dose corticosteroids may be necessary if an 
immune-mediated response occurs during treatment [3].

Checkmate-214, a randomized phase III clinical trial, paired ipilimumab and 
nivolumab (IN arm) versus sunitinib in the treatment of patients with metastatic 
RCC.  The findings of Checkmate-214 showed a statistically significant survival 
curve, and longer remission periods, in patients receiving the IN arm versus those 
receiving sunitinib. These findings have already led to a 2018 update of the European 
Association of Urology (EAU) guidelines for the treatment of first-line metastatic 
clear cell RCC [4–6].

It is important to mention that in the Checkmate-214 trial, patients were stratified 
into favorable-, intermediate-, and poor-risk groups based on the International 
Metastatic Renal Cell Carcinoma Database Consortium (IMDC) risk model. This 
model takes into account Karnofsky performance status, time from diagnosis to 
treatment, and lab findings. It has been tested and validated and is a recurring theme 
in metastatic RCC research [6, 7]. Checkmate-214 showed a statistical significance 
in disease-free progression in the IN arm versus sunitinib in patients with intermedi-
ate or poor risk. However, this benefit was not seen in the favorable-risk group, and 
therefore sunitinib remains the treatment of choice for those patients as per the EAU 
guidelines.

 Ipilimumab

Ipilimumab is not actually a novel therapy, but its use in the Checkpoint-214 trial 
with nivolumab made this agent resurface in the treatment of metastatic 
RCC. Ipilimumab is a monoclonal antibody that binds to the cytotoxic T-lymphocyte 
antigen 4 (CTLA-4). By binding to this antigen, it is believed that antitumor T cells 
are increased allowing the body to mount an immune response [8]. This agent was 
originally researched and used in clinical trials more than a decade ago, but the side 
effects including enterocolitis, hepatitis, and neuropathy which can even be fatal 
limited ipilimumab use as a single agent. It is indicated as first-line treatment in 
patients with intermediate or poor risk in combination with nivolumab per the 
European Association of Urology’s 2018 guidelines [8]. It is given as an infusion 
every 3 weeks for up to four cycles [8].
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 Cabozantinib

Cabozantinib is classified as a tyrosine kinase inhibitor. It broadly inhibits these 
receptors including VEGFR, MET, and AXL [4]. Targeting the VEGF receptor is 
not novel, but cabozantinib’s ability to more broadly affect tyrosine kinase via mul-
tiple receptor targets led researchers to suspect that less resistance would occur in 
patients on this medication. In the CABOSUN trial, patients were given cabozan-
tinib versus the gold standard sunitinib. All patients in this study were intermediate 
or poor risk based on IMDC classification. The primary endpoint was met, showing 
that patients in the cabozantinib arm had a statistically significant progression-free 
survival over the sunitinib arm. These results were upheld (though were a bit less 
impressive) after independent radiology interpretation of progression-free survival 
on imaging [4, 9]. Side effects of cabozantinib include fatigue and diarrhea, hyper-
tension, and thrombocytopenia.

 Other Novel Agents

With the positive results from the Checkmate-214 and CABOSUN trials, it is rea-
sonable to consider treatments combining agents that target the PD-1 receptor with 
those interrupting the VEGF pathway. There are clinical trials involving these types 
of agents versus sunitinib currently underway, such as the IMmotion-151 trial. 
IMmotion-151 looks at bevacizumab (a VEGF inhibitor) with atezolizumab (a 
PD-L1 monoclonal antibody) versus sunitinib. This study is unique as participants 
were required to have a tissue biopsy which was evaluated for PD-L1 expression, 
and this, as well as risk score and presence of liver metastasis, was included in the 
stratification of patients. The study is ongoing, but some of the data that has been 
released shows statistically significant progression-free survival for patients in the 
PD-L1 subset. This drug regimen appears to be well tolerated by patients, but until 
the data has been completely collected, analyzed, and released, as well as indepen-
dent review of the radiographic data, it is too soon to implement into clinical guide-
lines [10].

Axitinib is an oral agent indicated in the treatment of metastatic RCC after pro-
gression of disease is documented on an IV first-line agent. It is an oral kinase 
inhibitor that slows and inhibits tumor growth. It is given twice daily in various 
doses depending on tolerability, not to exceed 20 mg per day. It can be used as 
monotherapy or in combination with avelumab (a PD-L1 monoclonal antibody). 
Serious side effects can include blood clots, hemorrhage, hepatotoxicity, and fistu-
las. There is a current clinical trial (JAVELIN-101) which looks at axitinib/ave-
lumab versus sunitinib that may expand treatment options as results become 
available and are independently validated [11].

23 Novel Therapies for Renal Cell Carcinoma



274

 Tumor and Biomarkers

Currently, there are no standard and validated biomarkers to aid in the treatment of 
renal cell carcinoma. Finding one or more of these biomarkers is likely at the top of 
every researcher’s wish list. The closest tool available now is the IMDC risk strati-
fication model which would group intermediate- and poor-risk patients into receiv-
ing nivolumab and ipilimumab while good-risk patients would continue to receive 
sunitinib, as the EAU guidelines have recommended [6].

While the IMmotion-151 trial did subdivide patients based on the expression of 
their PD-L1 activity, this needs to be repeated and validated by other researchers. If 
these biomarkers, or tumor markers, could be identified in chemo-naive patients or 
even earlier at the time of initial cancer diagnosis, then opportunities for neoadju-
vant or early adjuvant chemotherapy after partial or radical nephrectomy increase. 
Patients could benefit from better efficacy and potentially fewer side effects with 
tailored or personalized chemotherapy at the first sign of metastasis or even salvage 
chemotherapy. This advancement would hopefully allow overall survival rates for 
metastatic RCC to improve.

 Conclusion

The past decade has been busy for the treatment of advanced RCC. Clinical trials 
have led to a change in the first line of treatment for intermediate- and poor-risk 
patients, and ongoing trials may show this benefit for patients with less toxicity. 
Agents targeting programmed cell death and the VEGF pathway have shown benefit 
independently, and ongoing research is pairing these agents together. Biomarkers 
are the future of cancer care, and while some studies have tried to stratify patients to 
determine tailored chemotherapy, and others have run testing on PD-L1 tumor cell 
expression, further research needs to show that this is a reproducible finding and 
should be included in daily cancer care at academic and private centers alike. It is 
difficult to stay updated on what is new in the treatment of metastatic RCC with all 
the data being released, but it is comforting that in the next decade, we may have 
more options to offer to our patients who find themselves in the position of needing 
this treatment.
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Clinical Pearls
• The current landscape of treatment for metastatic RCC is so rapidly chang-

ing that a practitioner must stay abreast of all current literature and clini-
cal trials.

• The new checkpoint inhibitor immunotherapy agents that are approved for 
the treatment of mRCC include nivolumab (anti-PD-1) and ipilimumab 
(anti-CTLA-4).

• Cabozantinib is a tyrosine kinase inhibitor with activity against VEGFR, 
MET, and AXL that is approved for patients with intermediate- or poor- 
risk disease based on IMDC classification.

• Combination therapy with targeted and immunotherapeutic agents is 
actively being investigated for patients with mRCC.

• Biomarkers should help in future individualization of care for mRCC.
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Chapter 24
Testicular Cancer

Kara R. Cossis, Tara Mahan, Sara Dennin Johney, and Benjamin Lowentritt

 Signs and Symptoms

Testicular cancer is usually first discovered via a palpable mass noted within the 
testes. The testicle may also appear enlarged or edematous. In addition, a sensation 
of achiness or fullness within the scrotum or lower abdomen may occur [1]. 
Lymphadenopathy may also be present particularly in the supraclavicular nodes. A 
retroperitoneal mass, venous thrombus, or pulmonary embolism may also present 
clinically [33]. Breast growth or soreness and precocious puberty may be noted due 
to the secretion of hormones from the tumor. It is also possible to be asymptomatic. 
When the disease has progressed, there may be systemic symptoms such as a lower 
back pain, shortness of breath, chest pain, cough, abdominal pain, headaches, or 
confusion [1].
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 Epidemiology

Testicular cancer is the most common malignancy affecting young adult males with 
ages 15–34; however, it accounts for only 1–2% of cancers in the male population 
[32]. There are a few well-established and well-studied risk factors for the disease, 
but in general, the etiology of testicular cancer remains unknown. Epidemiologic 
studies estimate 72,000 newly diagnosed testicular cancers annually with an aver-
age of 9000 associated deaths each year [19, 31].

According to the National Institutes of Health, the incidence of testicular cancer 
has risen in the American male population from 3.35 cases/100,000 men between 
1973 and 1978 to 4.48 cases per 100,000 men from 1994 to 1998 [20].

The factors responsible for increased incidence in recent years remain unclear.

 Risk Factors

Known risk factors for testicular cancer may predispose males to the development of 
carcinoma in situ and invasive testicular cancer. These include cryptorchidism, per-
sonal or family history of testicular cancer, testicular dysgenesis, Klinefelter syndrome, 
infertility, and HIV infection. Some other risk factors have been suggested and studied, 
but no substantial findings have been supportive to prove a direct relationship.

 Cryptorchidism

Cryptorchidism is defined as the failure of one of the testicle or both of the testes to 
descend into the scrotum during early development. Testicular malposition alone 
does not explain the increased risk of testicular cancer; however, incidences of tes-
ticular neoplasms have been observed to be higher in this population. Prophylactic 
orchiectomy is recommended for the undescended testicle still present within the 
abdomen. Approximately 10% of testicular tumors occur in malpositioned testicles, 
where 20% of the testicular tumors are found in the contralateral descended testicle 
[21]. In cases of inguinal cryptorchidism, these are less likely to result in malig-
nancy, and surgery can be delayed.

 Personal History

A small percent of men with testicular cancer will be diagnosed with a second tes-
ticular malignancy in their lifetime. The US National Cancer Institute reports a 
0.6% risk of contralateral cancer at the time of diagnosis and a 15-year risk of 
1.9% [22].
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 Family History

Of those diagnosed with testicular cancer, 1–3% have an affected family member 
also diagnosed with the disease. While this is a small percent, it statistically sug-
gests a hereditary component [23]. The contribution of family history in testicular 
cancer in case-controlled studies has been observed and demonstrates a six to ten 
times greater risk in direct male relatives, primarily in brothers or sons [24].

 Testicular Dysgenesis

The testicular dysgenesis syndrome (TDS) refers to a spectrum of reproductive dis-
orders that originate in male fetal life. It is thought to be a result of disturbed gonadal 
development in the embryo. Theory suggests it to be a combination of genetic fac-
tors, environment, and lifestyle. TDS includes cryptorchidism and hypospadias in 
newborn boys and testicular cancer and infertility in adult males. There is a range of 
phenotypes from mild/most common form in which impaired spermatogenesis is the 
only symptom to severe cases in which the patient may develop testicular cancer [38].

TDS can occur as a result of abnormal Leydig cell function. Testosterone, which 
is produced by Leydig cells, is required for normal testis descent, urethral meatus 
formation, and spermatogenesis.

A careful estimate of the frequency of medium severity TDS in Denmark is ~5%, 
based on the knowledge of the current frequencies of testicular cancer and cryptor-
chidism. The prevalence of TDS has not been established worldwide [34, 35].

 Klinefelter Syndrome

Klinefelter syndrome is a rare chromosomal condition in which the male karyotype 
contains an extra X chromosome. This aneuploidy is the most common condition 
associated with hypogonadism and infertility. These symptoms can vary in intensity 
and may include undescended testes or hypospadias. Again, an undescended testicle 
is correlated with an increased risk of testicular cancer [39].

 HIV

The rate of testicular seminomas has seen a modest rise in the HIV-positive infected 
male population. The incidence increase ratio is 0.7 to 1.8 when compared with the 
general population [25]. HIV status does not seem to impact the rate of nonsemino-
mas diagnosed.
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 Ethnicity

A review of 12 European countries found that the incidence of germ cell tumors was 
increasing; however mortality rates during the same period were declining. This 
suggests improvements in diagnosis and treatment [26]. Please note that the declin-
ing mortality rates are seen in white, non-Hispanic populations. There appears to be 
a higher risk of death from the cancer in the African-American, Native American, 
Filipino, Hawaiian, and Hispanic populations in the United States as compared to 
the white males [27]. The racial disparity is not fully understood.

It is confirmed that the increase primarily is in the white male population [27]. 
Testicular cancer is less common in the black male at a rate of 1 to 4. Studies 
between 1988 and 2001 show that testicular cancer is rising in the black male popu-
lation. Incidence of testicular cancer in black men doubled between 1988 and 1992 
and from 1998 to 2001 [28]. The worldwide incidence is lowest in Africa and Asia 
and highest in Scandinavian countries, Germany, Switzerland, and New Zealand [29].

 In Utero

Case-control studies suggest that exposure to estrogen-type products in utero 
increases the risk of testicular germ cell tumors; however studies have failed to 
prove a definite link [30].

While there may be an impact, the hormonal factor has not been quantified for 
significance [31].

 Summary

Many factors have been studied to evaluate for contribution to testicular cancer. 
Younger age, personal and family history of testicular germ cell tumor, cryptorchi-
dism are consistently those with the most risk. History of vasectomy, use of mari-
juana, diet, exposure to estrogen in utero, and BMI may have some causal relation 
but no significant, quantifiable influence on risk.

 Signs and Symptoms

Testicular cancer is usually first discovered via a palpable mass noted within the 
testes. The testicle may also appear enlarged or edematous. In addition, a sensation 
of achiness or fullness within the scrotum or lower abdomen may be present. Breast 
growth or soreness and precocious puberty may be noted due to the secretion of 
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hormones from the tumor. It is also possible to be asymptomatic. When the disease 
has progressed, there may be systemic symptoms such as a lower back pain, short-
ness of breath, chest pain, cough, abdominal pain, headaches, or confusion [1].

 Screening

Governing bodies for various leading organizations have offered screening recom-
mendations for testicular cancer. The US Preventive Services Task Force (USPSTF) 
released initial recommendations in 2004 against screening adolescent or adult 
males for testicular cancer. This decision was justified though the relatively low 
incident of the condition combined with favorable outcomes from treatment even 
with more advanced disease progression. They state, “there is adequate evidence 
that the benefits of screening for testicular cancer are small to none.” This was 
upheld in 2009 and again in 201117 after performing a literature review and has been 
maintained. This anti-screening method applies to both clinician examinations and 
patient self-examinations [4]. The American Academy of Family Physicians [5], the 
American Academy of Pediatrics [6], and the American Cancer Society [7] all sup-
port these published recommendations.

Further justification for this stems from the fact that regular testicular self- 
examinations have not been studied enough to determine if they reduce mortality 
and therefore cannot commit to specific screening recommendations [1]. As such, 
education on testicular cancer to adolescence and young men has been minimal at 
best but is virtually nonexistent as a standard of care. Further concerns have been 
raised regarding the increased anxiety created by emphasizing testicular self- 
examinations within a group already concerned about their body and who in this age 
group as a whole demonstrates a lack of concern for their health [12].

 Early Detection

Again, early detection allows for the best chance of overall survival. In addition, the 
financial cost of treating an advanced testicular cancer along with that of lost life 
years is significantly reduced. A study was published in the journal of Cancer 
Medicine reflecting the results of a cost-utility validation. In this study, the cost of 
treating advanced stage testicular tumors, both seminomas and nonseminomas, 
were compared to six other scenarios that involve clinical recognition and assess-
ment of a testicular mass discovered during self-examination of which four were 
classified benign and two were classified as early stage malignancies. Costs were 
calculated using Current Procedural Terminology (CPT) codes thorough Medicare 
fee schedules. Medicare reimbursements were then used to estimate the national 
cost standard.
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 Pre-diagnosis Workup

If there are concerns of a possible testicular cancer, a comprehensive history and 
physical exam should be conducted along with a testicular ultrasound ordered. In 
addition, serum tumor markers will be drawn. These markers include alpha- 
fetoprotein (AFP), β-human chorionic gonadotropin (β-HCG), and lactate dehydro-
genase (LDH) [1]. In addition, a chemistry profile should be ordered along with a 
chest X-ray [32, 33].

 Tumor Markers

The tumor markers AFP, β-HCG, and LDH are often elevated if a testicular malig-
nancy is present. Elevation of any of the tumor markers may indicate a seminoma 
tumor. AFP and β-HCG are more specific markers than that of LDH. AFP is secreted 
by nonseminomatous cells and is therefore elevated with embryonic and yolk sac 
tumors. The half-life is approximately 5–7 days and can be seen at any stage testicu-
lar tumor. β-HCG may be elevated in both seminomas and nonseminomas, espe-
cially choriocarcinomas. The half-life is approximately 1–3 days. This level may 
yield a false positive with hypogonadism, with marijuana use [32], with hyperthy-
roidism, and with heterophile antibodies. When the value is >1000 IU/L, it is more 
indicative of a nonseminoma. A level of >5000 IU/L post-orchiectomy may suggest 
brain metastasis, and therefore a brain MRI is advised. LDH is important in progno-
sis assessment and with disseminated nonseminomas helps to risk stratify first-line 
chemotherapy. This can also be used to monitor for possible relapse [33].

 Diagnosis

A biopsy can be performed to provide a confirmatory tissue diagnosis, but this is 
usually not the standard of care due to concerns of seeding the cancer and contribut-
ing to it spreading. The diagnosis is typically made from an orchiectomy specimen. 
When cancer is suspected, a radical orchiectomy via an inguinal approach is the 
preferred surgery to avoid introducing potential cancer spread to the scrotal wall 
and/or inguinal lymph nodes. Clinical suspicion leads to a confirmatory pathologic 
diagnosis after orchiectomy. Further staging tools include radiographic imaging 
with ultrasound, CT scan, MRI, PET scan, or bone scans.

 Post-diagnosis Workup

An abdominal/pelvic CT scan should be ordered post-diagnosis. A chest CT scan is 
further recommended if the CT scan is positive or if the chest X-ray is abnormal. 
Tumor markers should be repeated. In addition, a brain MRI and bone scan are 
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recommended if clinically indicated or based on specific pathologic findings. Sperm 
banking should also be discussed with the patient [32].

 Sperm Banking

The sequela of this disease can be infertility from the tumor itself or through the 
subsequent treatments. Hence, these men should be counseled on banking sperm 
and referred to a fertility specialist should they desire offspring in the future [13]. 
This can occur before or after orchiectomy but needs to be done prior to chemo-
therapy, radiation therapy, or retroperitoneal lymph node dissection [33].

In making such preparations for family planning through freezing sperm, the 
cost of such preparations varies. The initial consultation process, however, is esti-
mated to be just below $1000 with yearly storage fees somewhere between $275 
and 500 per year [13]. According to the infertility resources, the average cost of a 
basic in vitro fertilization cycle ranges from about $12,000 to $15,000 [14].

 Tumor Types

The most common types of testicular cancer, accounting for over 90%, are germ cell 
tumors. Sperm production originates in these germ cells. Germ cell tumors are fur-
ther classified as seminomas and nonseminomas with roughly equal rates of occur-
rences between these two types. A combination of both seminomas and 
nonseminomas, or mixed germ cell tumors, also exists but is treated as nonsemino-
mas given how they grow and spread.

In general, seminomas are slower growing compared to nonseminomas. These 
seminomas are subtyped as classical or spermatocytic seminomas. Classical semi-
nomas are by far the most common and affect men around 25–45 years of age. In 
contrast, spermatocytic seminomas tend to be seen in older men, usually around 
65 years of age. They are also slower growing with a lower malignant risk.

Nonseminomas typically occur in the later teenage years and early 30s. This 
category of tumor is broken down into four subtypes: embryonal carcinoma, yolk 
sac carcinoma, choriocarcinomas, and teratoma. Many nonseminoma tumors occur 
as some combination of these four and may also have a seminoma component. An 
embryonal carcinoma is present about 40% of the time in combination but only 
3–4% of the time in pure form. They tend to grown rapidly and often spread outside 
of the testicle. Yolk sac carcinoma is the most common form of testicular cancer in 
children, especially infants, but is rarely seen in adults. Choriocarcinoma is rare but 
extremely aggressive in adults. When this exists in its pure form, it rapidly spreads 
to distant organs including the lungs, bones, and brain. When combined with other 
germ cell tumors, a choriocarcinoma is somewhat less aggressive but always a con-
cerning finding when present. Teratomas, however, usually do not exist in pure 
form. They are classified into three types: mature teratomas which rarely spread but 
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have the potential to reoccur, immature teratomas which have metastatic and reoc-
currence potential, and teratomas with somatic-type malignancy which are extremely 
rare. These have components of mature teratomas but other cells that are associated 
with malignancies occurring outside of the testicles such as a sarcoma or adenocar-
cinoma [1].

Occurring less often and a precursor to germ cell cancers, is carcinoma in situ or 
intratubular germ cell neoplasms. These are asymptomatic and usually diagnosed 
incidentally on a biopsy performed for another reason. Stromal tumors are another 
type of testicular malignancy that make up less than 5% of adult cases but up to 20% 
of childhood cases. Stromal tumors exist as two types, Leydig cell tumors and Sertoli 
cell tumors. In general, most Leydig and Sertoli cell tumors are benign and have a 
low metastatic potential. When stromal tumors are malignant, however, they often 
behave aggressively and respond poorly to chemotherapy or radiation therapy [1].

Certain risk factors have been identified that may increase the probability of 
developing testicular cancer. Cryptorchidism or history of an undescended testicle, 
which occurs in about 3% of the general male population, is one such risk factor. 
Further risk factors include a family history involving a first-degree relative, HIV or 
AIDS infections, and carcinoma in situ of the testes. A prior personal history of 
testicular cancer has also been found to lead to cancer in the contralateral testicle in 
3–4% of the time. Again, age places men at a higher risk, specifically those between 
20 and 34 years old. Caucasian men have been found to have four to five times the 
risk compared to African-American and Asian-American men. There is possible 
risk related to tall stature, but this has not always been consistent [1].

 Treatment

There are three common approaches for managing and treating testicular cancer. 
These include surgery, radiation, and chemotherapy. A patient’s treatment team will 
often include a urologist, a medical oncologist, and a radiation oncologist. For 
patients with refractory disease, there are options for clinical trials and stem cell 
transplant [18]. Standard of care guidelines have been established for all disease 
stages and published through the NCCN. They should be closely followed to pro-
vide the best chance for cure with the least amount of side effects [33].

Treatment for testicular cancer factors in the histology and stage of the tumor. 
Testicular cancer has historically been considered a very curable cancer with low 
likelihood of relapse [18]. This is based on tumor markers post-orchiectomy along 
with AJCC T (tumor), N (node), and M (metastasis) staging system [33].

If the cancer is found incidentally and there are no signs of spread outside of the 
testicle on blood work or imaging, then surveillance without surgery may be appro-
priate. This is carcinoma in situ (CIS), or stage 0 testicular cancer. An orchiectomy 
is the treatment of choice for CIS if surveillance is not an option. Once surgery is 
performed, no additional treatment is needed [15].
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The majority, 90–95% [18], of the testicular tumors are seminomas, nonsemino-
mas, and mixed germ cell (mixture of seminoma and nonseminoma). Approximately 
5–10% are stromal tumors.

Seminomas and nonseminomas are treated differently based on the staging. 
Mixed germ cell tumors are treated using the protocol for nonseminoma tumors. 
Adult patients have a higher incidence of seminoma, whereas prepubertal patients 
are more likely to have nonseminoma.

 Pure Seminomas

Since this type of tumor is rarely seen in preadolescent patients, there is currently 
no standard treatment of these tumors in this population [18]. All recommendations 
in this section are specific to the adult male.

Stage 1A and 1B
Surgery is often the initial treatment which is a radical inguinal orchiectomy. A radi-
cal orchiectomy includes removal of the spermatic cord and testicle on the dis-
eased side.

Following surgery, a decision on surveillance versus chemotherapy versus radia-
tion treatment is considered. For men with pure seminoma, Stage 1A or 1B, who 
will be compliant with the strict and intense follow-up schedule, surveillance is the 
preferred option. Men with scrotal violation (i.e., scrotal orchiectomy, open testicu-
lar explorations) are not good candidates for surveillance. This is because the nor-
mal lymphatic drainage can be impacted [18].

Surveillance involves a strict protocol of frequent physical exams and blood tests 
to monitor lactate dehydrogenase (LDH), beta-human chorionic gonadotropin 
(β-HCG), and serum alpha-fetoprotein (AFP). Imaging of the chest, abdomen, and 
pelvis are obtained at the same frequency [17]. If any signs of spread are found, the 
next treatment steps are radiation and chemotherapy.

Radiation may be the next step in treatment should the patient have a history of 
scrotal violation, a history of prior radiation, or history of inflammatory bowel dis-
ease. Radiation treatment typically is 10–15 sessions over 2–3 weeks and targets the 
retroperitoneal lymph nodes using abdominal external beam radiation.

Chemotherapy, if appropriate, is carboplatin generally given over 2 cycles.

Stage 1S One or more tumor markers remains elevated despite radical orchiectomy 
[15]. At this point, the patient is appropriate for restaging and medical oncology 
evaluation to consider initiating chemotherapy or radiation treatment.

Stage 2A and 2B In this stage, surgery and radiation to the retroperitoneal and 
ipsilateral iliac lymph nodes of the abdomen are the treatment of choice. If chemo-
therapy is considered, common combinations are three rounds BEP (bleomycin, 
etoposide, and cisplatin) or four rounds of EP (etoposide and cisplatin) [16].
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Stage 2C or 3 Following radical orchiectomy, the chemotherapy regimen is out-
lined for a patient based on their risk. The goal of the chemotherapy is to reduce the 
size of the residual masses. Generally, no radiation is used in this stage (American 
Cancer Society, 2018) [15]. Patients are monitored through blood work and PET 
scans to observe for any relapse.

 Nonseminoma and Mixed Tumors

This class of tumors is also seen in the pediatric population. In Stages 1A and 1B, 
radical inguinal orchiectomy and surveillance are the treatment standard. Higher 
stages are treated with surgery and chemotherapy [18].

The remaining recommendations are for the adult males diagnosed with non-
seminoma tumor types.

Stage 1A In this class of tumors, staging is what drives the treatment following the 
removal of the tumor via orchiectomy. Just as seminomas, the preferred option is 
close surveillance for compliant patients. Surgery may include nerve-sparing retro-
peritoneal lymph node dissection (RPLND). Relapses found during surveillance 
period are most often found in the first few years. These relapses are generally 
treated with chemotherapy.

For stage 1A and 1B, management depends on whether factors associated with 
an increased risk of relapse are present. These include:

• Lymphovascular invasion
• Predominance of embryonal carcinoma component
• A T3 or T4 primary tumor

Keeping these risk factors in mind, stage 1 nonseminomatous germ cell tumors 
can be divided into low- or high-risk categories.

• Low risk – men without any risk factors, consider active surveillance
• High risk – men with one or more risk factors, active surveillance, chemotherapy, 

and RPLND are options. For men who prefer to not pursue further treatment, 
active surveillance is reasonable. However, these men increase their risk of 
relapse to 40% [40].

Stage 1S The tumor is limited to the testis on clinical staging, but there is persistent 
elevation of tumor markers following orchiectomy. The presence of metastatic dis-
ease should be a concern. These patients may be appropriate for chemotherapy.

Stage 1B Following the orchiectomy and RPLND, chemotherapy is given if cancer 
is found in any of the dissected lymph nodes. Surveillance is not an option in this 
population.
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Stage 2A or 2B Surgery is standard and includes nerve-sparing retroperitoneal 
lymph node dissection followed by chemotherapy.

Stage 2C or 3 Surgery followed by chemotherapy, close monitoring of residual 
tumors by blood markers, and imaging. Any tumor remaining following chemo-
therapy treatment is usually removed surgically.

If cancer is found to be resistant to chemotherapy, a clinical trial, stem cell trans-
plant, or other less conventional treatment may be recommended.

 Stromal Tumors

These tumors do not respond to chemotherapy and are treated with surgery, radical 
inguinal orchiectomy, and close surveillance.

Continued Monitoring: Follow-up

Follow-up varies based on the initial treatment received.
As testicular cancer patients are generally diagnosed and treated at a young age, 

there are possible long-term consequences of treatment. Oncologic follow-up (with 
serum tumor markers, chest radiograph, and CT scan of the abdomen and pelvis as 
indicated) should be coordinated between the patient’s providers.

Survivors should be followed at minimal annually for 5 to 10 years following 
their treatment. A decision to discontinue surveillance should be based on patient 
preference and discussion between the primary care and oncology teams [36].

The following guidelines are recommended [37]:

• Complete physical examination annually  – Testicular cancer survivors should 
undergo a complete physical examination annually, with weight and blood pres-
sure recorded. The examination should include a lymph node survey and exami-
nation of the contralateral testicle. Also, an examination of the skin. There should 
be a high index of suspicion for second cancers.

• Baseline lipid profile and counseling regarding cardiovascular risk factors.
• Renal function (serum creatinine) and serum magnesium annually (for patients 

who received cisplatin-based chemotherapy).
• Serial assessment of hormonal function (i.e., testosterone and luteinizing hor-

mone levels) on a regular basis, particularly for men treated with chemotherapy 
or radiation therapy. There are no evidence-based guidelines to inform an opti-
mal surveillance strategy, but consider their symptoms and test based on these.

• In addition, patients should be counseled about the importance of reporting new 
symptoms early.
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 Cost Analysis

The cost analysis with respect to treating advanced stage testicular malignancies 
versus the cost for screenings or treating early stage malignancies is significant. 
According to the 2014 publication in Cancer Medicine, using Medicare reimburse-
ment fee schedule as an estimate of national cost, the total treatment for an advanced 
stage seminoma on a per person basis was determined to be $48,877 and $51,592 
for a nonseminoma. In contrast, the cost of an office screening is $156. This equates 
to 313–330 individuals being able to screened in the office for the same cost, 
180–190 office visit screenings when a scrotal ultrasound is performed at $272, 
79–83 office visits with serial scrotal ultrasounds and labs valued at $621, or 2–3 
office visits for those who underwent surgery with a radical inguinal orchiectomy 
with benign pathology, the cost of which is $7686. Of those that were found to have 
an early stage testicular cancer, the cost of treatment and surveillance was $17,282 
for a seminoma and $26,190 for a nonseminoma. Surveillance was based on 10 years 
of follow up from the time of diagnosis and treatment. Based on these numbers, 
many more clinical evaluations are able to be performed for benign disease com-
pared to the cost of missing an advanced stage tumor. The cost-benefit ratio is 
approximately 2.4 to 1 for early detected testicular cancer compared to advanced 
stage disease. Naturally, health-care costs will only continue to increase, further 
inflating the above numbers.

 Patient Awareness and Education

Despite these statistics, literature suggests that men who are most likely to be 
affected have little knowledge of their risk for the disease and how to properly per-
form self-screenings. In fact, those classified within the most high-risk age group 
report from 0 to 31% knowledge on testicular self-examinations with performance 
ranging from 0 to 18%. A survey of college athletes revealed that of 87% were 
unaware of their risk for testicular cancer. In fact, only 9.6% had been taught on how 
to perform testicular self-examinations of which a little less than half or 4.8% 
obtained this knowledge through their physicians.

Given that this is a relatively curable condition, if detected early, patient educa-
tion is key to a risk reduction of morbidity and mortality. Furthermore, early detec-
tion may allow for diagnosis at an earlier stage in the disease. This then has the 
potential to be managed with less toxic treatment. Unfortunately, sociocultural 
norms and religious beliefs exist as barriers for men in performing testicular self- 
examinations. An important consideration must be given to looking beyond the 
actual overall low prevalence of the disease itself and giving attention to the group 
this most affects, young men. As such the years of potential life lost (YPLL) can be 
significant [9]. The sequela of this disease can be infertility from the tumor itself or 
through the subsequent treatments. With respect to testicular cancer, men are sig-
nificantly underrepresented when it comes to education, public outreach, and stan-
dard of care in disseminating this information. In fact, a study presented in the 
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Archives of Medicine and Health Sciences journal with respect to military soldiers 
found that military physicians taught female soldiers the importance of breast self- 
examinations 84% of the time but only 51% of the time to their male counterparts 
about testicular self-examinations [9].
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Chapter 25
Penile Cancer

J. Ryan Mark and Danielle Squadrito

 Introduction

Penile cancer is a rare malignancy responsible for the deaths of 300 men annually 
in the United States [1]. Chronic inflammation, HPV infection, and smoking are all 
considered risk factors, and incidence increases as men age, peaking between the 
50th and 70th decades. Histology is almost exclusively squamous cell carcinoma 
(SCC). Management is surgical with chemotherapy used topically in noninvasive 
disease, systemically prior to consolidation of bulky disease, or palliation. New 
strategies are being tested using tyrosine kinase inhibitors (TKIs) and checkpoint 
inhibitors (IOs); however, their role treating metastatic disease is still unclear.

 Risk Factors and Prevention

Although penile cancer is rare, several risk factors have been clearly identified. 
Human papilloma virus (HPV) plays an important role in carcinogenesis. Roughly 
50% of penectomy specimens for invasive penile cancer are found to contain HPV 
types 16 and 18 [2]. A nonavalent vaccine against HPV 6, 11, 16, 18, 31, 33, 45, 52, 
and 58 was approved by the FDA for use in 2016. Vaccination is 90.4% effective in 
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preventing transmission in males; however, whether or not this will reduce the inci-
dence of penile carcinoma is unknown [3].

An alternative pathway to cancer development is p53 mutation secondary to 
chronic inflammation of the foreskin [4]. Balanitis, an inflammatory condition of 
the glans, is observed in 45% of penile cancers [5]. Despite circumcision being 
shown to prevent HPV infection and chronic inflammation associated with phimo-
sis, its role in penile cancer prevention is controversial.

As in other cancers, smoking has a dose-dependent relationship to the develop-
ment of penile carcinoma. Men with a 45 pack-year smoking history are greater 
than three times more likely to develop penile cancer. Former smokers can reduce 
their risk in half which highlights the importance of smoking cessation in at-risk 
men [6].

 Natural History

The majority (61.6%) of patients with penile cancer in the United States are diag-
nosed with localized disease (Fig. 25.1), and 2.3% have evidence of distant metas-
tases [7]. Without treatment, penile cancer follows a predictable pattern of spread. 
The tissues of the penis are drained by lymphatic channels to the bilateral superficial 
inguinal lymph nodes followed immediately by the deep inguinal lymph nodes and 
then the lymph nodes of the pelvis [8]. If uncontrolled, lymph node metastases grow 
and cause lymphedema, ulceration, and abscesses and can erode into the femoral 
vessels causing hemorrhage and death. Figure 25.2 demonstrates the devastating 
outcome of uncontrolled locally advanced penile cancer.

Survival is driven by successful prevention or aggressive management of lymph 
node metastases. pN0 men have 96% 10-year cancer-specific survival (CSS), 
whereas only 35% of pN+ patients are alive at 5 years [9]. There is increasing risk 

Fig. 25.1 A 57-year-old 
circumcised male 
presenting with grade 3 
pT1b basaloid penile 
SCC. This tumor is 
associated with prior HPV 
infection
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of death noted with worsening nodal stage with one French study identifying 5-year 
CSS as 93.4%, 89.3%, 30.9%, and 0% for pN0, pN1, pN2, and pN3 disease, respec-
tively [10]. Therefore accurate clinical staging and appropriate treatment of patients 
at risk for nodal progression are key to survival.

 Staging

Clinical staging for penile cancer begins with a thorough physical exam in a frog- 
legged position to evaluate external genitalia. The groin is then palpated to detect 
enlarged or fixed lymph nodes. Roughly 50% of patients with palpable disease will 
harbor lymph node metastases as will 20% with clinically negative groins who 
undergo staging lymphadenectomy. Biopsy or resection of the primary lesion is 
used to assess risk of metastases prior to consideration of further imaging or staging 
lymphadenectomy. Cross-sectional imaging is required to properly stage pelvic 
lymph nodes in high-risk or obese individuals where physical exam is limited. 
Typically, CT chest, abdomen, and pelvis with contrast is sufficient. MRI is useful 
in local staging of the primary tumor if corporal invasion is suspected or for surgical 
planning. PET-CT may also be useful.

An important consideration when staging the lymph nodes is the utility of lymph 
node biopsy when nodal metastases are suspected. Enlarged lymph nodes in the 
presence of an otherwise low-risk tumor should be biopsied to avoid the morbidity 
of an unnecessary inguinal lymphadenectomy. Conversely, in a patient with a high- 
risk lesion who has bilateral, large, or fixed inguinal lymph nodes, biopsy is an 
essential tool to justify the appropriate use of neoadjuvant chemotherapy prior to 
bilateral inguinal and pelvic lymphadenectomy.

Fig. 25.2 A 52-year-old 
male with G3 pT2N3M1 
SCC. Bone metastases 
developed soon after 
lymphadenectomy, and he 
progressed rapidly on TIP, 
pembrolizumab, and 
palbociclib and died of his 
disease 7 months following 
diagnosis

25 Penile Cancer
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 Chemotherapy for Penile Cancer

 Localized Disease

The primary tumor in patients with penile cancer is best managed with a resection 
that includes and adequate clean margin. The surgical excision of invasive disease 
requires partial or radical penectomy. For noninvasive CIS (carcinoma in situ) and 
Ta SCCa of the penis, topical chemotherapy can be considered as an alternative to 
wide local excision or laser therapy. In a study of 44 patients with CIS of the penis, 
5% 5-fluorouracil applied to the lesion for 12  hours every 2  days for a total of 
28 days resulted in a 57% complete response rate. Eighty percent of these patients 
experienced a durable response for a mean 34  months (range 12–180  months). 
Recurrence occurred at 5  months on average in a total of five patients (20%). 
Imiquimod was used to salvage these patients with a complete response rate of 44% 
in the second line [11]. The use of imiquimod as first-line topical therapy has also 
been described.

 Locally Advanced Disease

Node-positive penile cancer has the potential to become bulky and unresectable if 
ignored. For cases of bilateral disease and unilateral large nodes (mobile or fixed), 
the NCCN guideline recommends biopsy and neoadjuvant chemotherapy [12]. A 
phase II prospective study of cisplatin, paclitaxel, and ifosfamide (TIP) in 30 
patients with cN2 or cN3 penile cancer has led to widespread adoption of this regi-
men. Twenty-three of the patients were able to complete all four cycles and experi-
enced an objective response rate of 50% including a 10% complete response rate. 
Median survival was 17.1 months [13].

After lymphadenectomy, if regional metastases are detected, adjuvant chemo-
therapy has been shown to improve survival compared to surgery alone. Cisplatin, 
paclitaxel, and 5-fluorouracil (TPF) are alternative regimens to TIP that have shown 
benefit as adjuvant treatment. In one retrospective study, 21 patients were treated 
with TPF following lymphadenectomy. 66.7% of patients were pN3, and there were 
23.8% and 9.5% of patients with pN2 and pN0 disease, respectively. The majority 
(66.7%) of patients received three cycles of TPF (range 2–4) and achieved median 
DFS and median of OS 22.7 months, and 85% of patients were alive at 1 year [14]. 
When compared to neoadjuvant TPF in cN2-3 disease, adjuvant therapy had a 
higher 2-year DFS (36.8% vs 7.1%); however, due to small sample size, statistical 
significance was not reached [15]. These studies illustrate the utility of systemic 
chemotherapy in addition to lymphadenectomy in the management of bulky nodal 
disease; however, a recent retrospective multicenter study of 743 men who under-
went lymphadenectomy for penile cancer noted OS improvement only in patients 
with pN3 disease. There was little or no benefit on multivariate analysis to neoadju-
vant or adjuvant chemotherapy in men with limited disease (N0-N2) [16]. As a 
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result, some have argued against adjuvant chemotherapy in pN2 patients, but this is 
controversial, and at the time this chapter is written, adjuvant chemotherapy for men 
with both pN2 and pN3 penile carcinoma is recommended by NCCN and EAU 
guidelines [12, 17].

 Metastatic Disease

Metastatic penile cancer carries an abysmal prognosis. Single agent cisplatin has a 
meager ORR of 23% leading to the use of multidrug regimens for those that can 
tolerate the adverse effects [18]. TIP has favorable toxicity compared to other regi-
mens and is often preferred in chemo-naive patients due to the 50% ORR reported 
in the neoadjuvant setting [13]. For patients progressing after chemotherapy, sur-
vival is less than 6 months, and multiple combinations of second-line chemotherapy 
have failed to demonstrate a meaningful response. Cisplatin, methotrexate, and 
bleomycin (PMB) have resulted in one partial and one complete response in two of 
five patients treated; however, this regimen has limited clinical utility as it is very 
toxic [19]. In a phase II first-line PMB trial, 5 of 45 patients died secondary to 
treatment-related complications [20]. Common chemotherapy regimens are listed in 
Table 25.1.

 Targeted Therapy

Overexpression of the epidermal growth factor receptor (EGFR) has been associ-
ated with a number of cancer types. It is a member of the HER family of tyrosine 
kinase receptors and in its normal state functions to support epithelial growth. 
Mutations resulting in increased EGFR activity are found in lung, anal, head and 
neck, and brain cancers [21]. As a result, its role as a therapeutic target in these 
malignancies has led to successful drug development and approval for use by the 
FDA. SCCa of the penis also commonly shows overexpression of EGFR. One study 

Table 25.1 Common chemotherapy regimens for penile cancer

Regimen Schedule

Paclitaxel, ifosfamide, cisplatin
(TIP) [13]

Day 1: paclitaxel, ifosfamide, cisplatin
Day 2 and 3: ifosfamide + cisplatin
Repeat every 3–4 weeks for four cycles

Paclitaxel, cisplatin, fluorouracil
(TPF) [14]

Day 1: paclitaxel + cisplatin
Day 2: cisplatin + fluorouracil
Days 3–5: fluorouracil
21-day cycles

Cisplatin, methotrexate, bleomycin
(PMB) [20]

Day 1: bleomycin + methotrexate + cisplatin
Day 8: bleomycin + methotrexate
21-day cycles

25 Penile Cancer
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identified high expression in 44% and low expression in 44% of tumors examined. 
Thirteen had no EGFR expression [22]. This has led to interest in understanding the 
role of EGFR inhibitors for the treatment of penile cancers.

One of the first prospective phase II trials to test this treatment approach explored 
the efficacy of the irreversible pan-HER tyrosine kinase inhibitor dacomitinib. This 
oral medication (currently FDA approved for patients with metastatic NSCLC) was 
given as monotherapy to 28 men with recurrent locally advanced or metastatic 
penile cancer. The ORR was 32.1%, and there were eight partial responses and one 
CR. Overall survival was 13.7 months in all patients and 20 months when excluding 
M1 patients from the analysis [23]. While these outcomes do not outperform TIP in 
a neoadjuvant setting, the patients in this trial had recurrent and metastatic disease 
making them a higher-risk group. Dacomitinib was also well tolerated with no seri-
ous adverse events or discontinuations potentially increasing the number of patients 
eligible for systemic therapy.

 Immunotherapy

Checkpoint inhibition with anti-CTLA4 and anti-PD1/PD-L1 monoclonal antibod-
ies has ushered a new era of systemic therapy for urologic malignancies. While 
these drugs have shown great utility in SCCa of the lung, skin, and head and neck, 
there is a paucity of data regarding their use in penile carcinoma. SCC of the penis 
lacks the high tumor mutational burden predictive of a robust response to these new 
agents, and there is still an effort to understanding the tumor microenvironment of 
this malignancy [24]. The rarity of this tumor and the short survival associated with 
recurrence following first-line therapy have likely contributed to the lack of data. At 
this time, the only reported outcomes for penile carcinomas treated with checkpoint 
inhibitors are small case reports or in trials of IO use in a mixed cohort of rare tumor 
types. A recent phase II study of the anti-PD1 inhibitor pembrolizumab in 127 
patients with rare solid tumors has been reported. Only three patients with penile 
carcinoma were enrolled with one patient demonstrating at least a 50% decrease in 
measurable disease by 27 weeks, while the other two patients died [25].

 Conclusion

Penile cancer is a rare and potentially aggressive malignancy. Thoughtful manage-
ment of regional lymph nodes has proven key to patients’ ability to survive this 
devastating disease. As such, systemic therapy plays a vital role in those with 
regional metastases. Cytotoxic chemotherapy is still the preferred systemic means 
of treatment; however, as our understanding of the tumor microenvironment and 
molecular pathogenesis grows, newer agents are likely to play a more important role 
in modern management of this disease.
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• Chronic inflammation, HPV infection, and smoking are all considered risk 

factors for penile cancer, and incidence increases with age, peaking 
between the 50th and 70th decades.

• Roughly 50% of penectomy specimens for invasive penile cancer are 
found to contain HPV types 16 and 18.

• The majority (61.6%) of patients with penile cancer in the United States 
are diagnosed with localized disease, and 2.3% have evidence of distant 
metastases.

• Survival for invasive penile cancer is driven by successful prevention or 
aggressive management of lymph node metastases.

• Roughly 50% of patients with palpable disease will harbor lymph node 
metastases as will 20% with clinically negative groins who undergo stag-
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ses prior to consideration of further imaging or staging 
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There may be a role for EGFR inhibitors for the treatment of metastatic 
penile cancers.

25 Penile Cancer



302

 9. Ornellas AA, Kinchin EW, Nobrega BL, et al. Surgical treatment of invasive squamous cell 
carcinoma of the penis: Brazilian National Cancer Institute long-term experience. J Surg 
Oncol. 2008;97(6):487–95.

 10. Marconnet L, Rigaud J, Bouchot O. Long-term follow-up of penile carcinoma with high risk for 
lymph node invasion treated with inguinal lymphadenectomy. J Urol. 2010;183(6):2227–32.

 11. Alnajjar HM, Lam W, Bolgeri M, Rees RW, Perry MJ, Watkin NA. Treatment of carcinoma in 
situ of the glans penis with topical chemotherapy agents. Eur Urol. 2012;62(5):923–8.

 12. National Comprehensive Cancer Network (NCCN). NCCN clinical practice guidelines in 
oncology. Penile cancer. Version 1.2020. January 14, 2020. National Comprehensive Cancer 
Network. Abstract available at: https://www.nccn.org/professionals/physician_gls/pdf/
penile.pdf.

 13. Pagliaro LC, Williams DL, Daliani D, Williams MB, Osai W, Kincaid M, et al. Neoadjuvant 
paclitaxel, ifosfamide, and cisplatin chemotherapy for metastatic penile cancer: a phase II 
study. J Clin Oncol. 2010;28(24):3851–7.

 14. Necci A, Lo Vullo S, Nicolai N, Ragi D, Giannatempo P, Colecchia M, et  al. Prognostic 
factors of adjuvant taxane, cisplatin, and 5-fluorouracil chemotherapy for patients with 
penile squamous cell carcinoma after regional lymphadenectomy. Clin Genitourin Cancer. 
2016;14:518–23.

 15. Nicolai N, Sangalli LM, Necchi A, et al. A combination of cisplatin and 5-fluorouracil with a 
taxane in patients who underwent lymph node dissection for nodal metastases from squamous 
cell carcinoma of the penis: treatment outcome and survival analyses in neoadjuvant and adju-
vant settings. Clin Genitourin Cancer. 2016;14:323–30.

 16. Necchi A, Lo Vullo S, Mariani L, Zhu Y, Ye DW, Ornellas AA, et al. Nomogram-based predic-
tion of overall survival after regional lymph node dissection and the role of perioperative che-
motherapy in penile squamous cell carcinoma: a retrospective multicenter study. Urol Oncol. 
2019;37(8):531.e7–531.e15.

 17. Hakenberg OW, Compérat E, Minhas S, Necchi A, Protzel C, Watkin N. (2018) EAU guidelines 
on penile cancer. Retrieved from: https://uroweb.org/wp-content/uploads/EAU-Guidelines-
Penile-Cancer-2018.pdf. Access date [4/10/2020].

 18. Gagliano RG, Blumenstein BA, Crawford ED, Stephens RL, Coltman CA Jr, Costanzi JJ. cis- 
Diamminedichloroplatinum in the treatment of advanced epidermoid carcinoma of the penis: 
a Southwest Oncology Group Study. J Urol. 1989;141:66–7.

 19. Wang J, Pettaway CA, Pagliaro LC. Treatment for metastatic penile cancer after first-line che-
motherapy failure: analysis of response and survival outcomes. Urology. 2015;85:1104–10.

 20. Haas GP, Blumenstein BA, Gagliano RG, et  al. Cisplatin, methotrexate and bleomycin 
for the treatment of carcinoma of the penis: a Southwest Oncology Group study. J Urol. 
1999;161:1823–5.

 21. Liu X, Wang P, Zhang C, Ma Z. Epidermal growth factor receptor (EGFR): a rising star in the 
era of precision medicine of lung cancer. Oncotarget. 2017;25(8):50209–20.

 22. Chaux A, Munari E, Katz B, Sharma R, Lecksell K, Cubilla AL, et al. The epidermal growth 
factor receptor is frequently overexpressed in penile carcinomas: a tissue microarray and digi-
tal image analysis study of 112 cases. Hum Pathol. 2013;44(12):2690–5.

 23. Necci A, Lo Vullo S, Perrone F, Raggi D, Giannatempo P, Calareso G, et al. First-line therapy 
with dacomitinib, an orally available pan-HER tyrosine kinase inhibitor, for locally advanced 
or metastatic penile squamous cell carcinoma: results of an open-label, single arm, single- 
centre, phase 2 study. BJU Int. 2018;121(3):348–56.

 24. Chen YP, Zhang Y, Lv JW, Li YQ, Wang YQ, He QM, et al. Genomic analysis of tumor micro-
environment immune types across 14 solid cancer types immunotherapeutic implications. 
Theranostics. 2017;7:3585–94.

 25. Naing A, Meric-Bernstam F, Stephen B, Karp DD, Hajjar J, Ahbert JR, et  al. Phase 2 
study of pembrolizumab in patients with advanced rare cancers. J Immunother Cancer. 
2020;8(1):e000347.

J. R. Mark and D. Squadrito

https://www.nccn.org/professionals/physician_gls/pdf/penile.pdf
https://www.nccn.org/professionals/physician_gls/pdf/penile.pdf
https://uroweb.org/wp-content/uploads/EAU-Guidelines-Penile-Cancer-2018.pdf
https://uroweb.org/wp-content/uploads/EAU-Guidelines-Penile-Cancer-2018.pdf


303© Springer Nature Switzerland AG 2021 
E. J. Trabulsi et al. (eds.), Chemotherapy and Immunotherapy in Urologic 
Oncology, https://doi.org/10.1007/978-3-030-52021-2

A
Adjuvant radiation therapy (ART),  

44–46, 49
Androgen deprivation therapy (ADT), 

25, 61, 77
androgen blockade, 85
diethylstilbestrol, 77
fatigue, 86
GnRH antagonists, 81, 83
healthy lifestyle, 88
high-risk disease, 62
hot flashes, 85
injection site pain, 86
ketoconazole, 89
LHRH agonist, 82
mechanism of action, 78
nonsteroidal antiandrogens, 84
patient expectations, 89
radiation treatment, 78
removal of sources of androgens, 81
side effects, 63, 78, 85, 88
steroidal antiandrogens, 84
testosterone levels, 79
unfavorable intermediate-risk, 61

Artificial urinary sphincter (AUS),  
35, 33, 34

B
Bacillus Calmette-Guerin (BCG),  

161–162
Bladder cancer, see Urothelial carcinoma

C
Cabazitaxel, 110
Cancer of the prostate risk assessment 

(CAPRA) score, 24
Cancer of the prostate strategic  

urologic research endeavor 
(CaPSURE), 33

Castration-resistant prostate cancer  
(CRPC), 94, 95,  
96, 98, 100

Checkpoint inhibitors, 190
Chemoradiation

algorithms, 189–190
clinical pearls, 191
gemcitabine, 188
quality of life, 189
survivorship, 190
trimodal therapy, 187, 188
TURBT, 188

Chemotherapy-induced peripheral neuropathy 
(CIPN), 197

Complete blood count (CBC), 195
Continent cutaneous urinary diversions 

(CCUDs), 180
Cytotoxic T lymphocyte antigen-4

dose, 262
toxicity, 262

D
Docetaxel, 109–110
Doses and regimens, 260

Index

https://doi.org/10.1007/978-3-030-52021-2#DOI


304

E
External beam radiation therapy (EBRT), 121, 

124, 25, 29, 44, 55–58

G
Genomics, 47–51

decipher, 48
disadvantages, 50
hereditary prostate cancer, 48
oncotype Dx assay, 50
prolaris assay, 49

I
Immunomodulatory drugs/checkpoint 

inhibitors, 134–136
administration of, 136
adverse effects, 135
CTLA-4, 134
ongoing studies, 136
PD-L1, 135

Immunotherapy for urothelial cancer
carboplatin-based chemotherapy,  

202
checkpoint inhibitors, 202
first-line treatment, 203

atezolizumab, 203
pembrolizumab, 203

immune related toxicity, 211
overview, 201
PD-L1 testing, 210
second-line treatment

atezolizumab, 206
avelumab, 209
durvalumab, 207
nivolumab, 208
pembrolizumab, 205

Interferon alfa-2a, 258
adverse events, 260
doses and regimens, 260

Interleukin-2, 255, 256
adverse events, 258
therapeutic dose and regimen, 257

Intravesical therapy
chemotherapy

doxorubicin, 160
epirubicin, 160
gemcitabine, 160
mitomycin C, 160
thiotepa, 161
valrubicin, 161

clinical pearls, 165
complications, 163–164
immunotherapy, 161

Bacillus Calmette-Guerin, 161
cystoscopic follow-up, 164
interferon, 162

maintenance therapy, 163
refractory disease, 163
TURBT, 162

L
Low-dose-rate brachytherapy, 57

M
Metastatic bladder cancer (MBC), 193

CIPN, 197
cisplatin-based treatment, 194
initial evaluation, 193
monitoring disease response, 198
ROSS, 198
systemic therapy, 195
treatment selection, 194

Metastatic castration-resistant prostate cancer 
(mCRPC), 106–108

Metastatic hormone-sensitive prostate cancer 
(mHSPC), 105–106

Metastatic neuroendocrine 
carcinoma, 108–109

Metastatic renal cell carcinoma, 239
bevacizumab, 246
checkpoint Inhibitors, 261
mammalian target of rapamycin, 247
side effects

congestive heart failure, 251
dermatologic complaints, 250
fatigue, 251
GI complaints, 250
hypertension, 251
thyroid dysfunction, 251

targeted therapies, 241
tyrosine kinase inhibitors, 242

axitinib, 244
cabozantinib, 244
complete blood count, 245
NCCN guidelines, 245
pazopanib, 243
side effect, 244–245
sorafenib, 243
sunitinib, 243

VEGF antibody, 246
VHL gene, 241

Metastatic urothelial carcinoma
advance treatment, 215
angiogenesis inhibitors, 218–219
antibody-drug conjugates, 218
diversity and heterogeneity, 216

Index



305

ErbB, 217–219
FGFR inhibitors, 217
heterogeneous group, 216

Mitoxantrone, 110–111
Muscle-invasive bladder cancer (MIBC)

adverse events, 173
CCUDs, 180
complications, 176
dose dense MVAC, 171, 172
EAU guidelines, 169
gemcitabine and cisplatin, 171
incontinent urinary diversion, 177
MVAC, 170, 171
neoadjuvant CMV, 170
neoadjuvant immunotherapy, 172–173
non-cisplatin-based regimens, 170
orthotopic diversions, 178
perioperative teaching, 176
POI, 177
post-treatment survivorship, 181–182
radical cystectomy, 173
stomal complications, 178
surgical approaches, 175
urinary diversion, 177

O
Oral stomatitis/taste change, 114

P
PARP inhibitors, 136
Penile cancer, 295

chemotherapy regimens, 299
history, 296
immunotherapy, 300
localized disease, 298
locally advanced disease, 298–299
metastatic disease, 299
prevention, 296
risk factors, 295
staging, 297
targeted therapy, 299–300

Postoperative ileus (POI), 176
Postoperative radiation therapy, 44–47

adjuvant radiation therapy, 44
erectile function, 46
risks and side effects, 45
salvage radiation therapy, 45
secondary malignancies, 46

Postprostatectomy incontinence (PPI), 32
Programmed cell death protein-1,  

264–266
adverse effects, 266
dose, 266

Prostate cancer
active surveillance, 15
adenocarcinoma, 7
biopsy, 12
clinical pearls, 16
diagnosis, 12
epidemiology, 8
heterogeneous disease, 7
monitoring men with, 21

advanced practice provider, 26
biochemical recurrence, 22–23
bony metastases, 24
chest imaging, 24
decipher prostate RP®, 24
evidence of recurrence, 25, 26
no evidence of disease, 22
PSADT, 24
risk stratification, 23–25
testing, 23–25
TRUS biopsy, 26

pathology, 13–14
PSA levels, 11
risk factors, 8
risk stratification, 15
screening, 12
signs and symptoms, 10
staging, 14

Prostate-specific antigen (PSA), 10

R
Radical prostatectomy (RP), 29

active surveillance, 29
definitive therapy, 29
free survival rates, 31
observation, 29
pelvic lymph node dissection, 31
perioperative risks, 30
retropubic approach, 30
robotic-assisted laparoscopic, 30
sexual recovery, 36

CaPSURE data, 36
penile rehabilitation strategies, 37
post-RP ED, 38
treatment, 37
vacuum erection devices, 38

urinary recovery
artificial urinary sphincter, 35
CaPSURE, 33
OAB symptoms, 33
overactive bladder, 32
pads per day, 33
PFMT techniques, 34
postprostatectomy incontinence, 32
surgical treatment of post-RP SUI, 34

Index



306

Radiopharmaceuticals, 119
advanced practice provider, 130
bone metastases treatment, 129
clinical trials, 129
Radium-223

adverse reactions, 127
ALSYMPCA trial, 128
dosing and administration, 126
mechanism of action, 126
pharmacokinetics, 126
precautions, 127

Samarium-153
adverse effects, 124
clinical trials, 125
dosage and administration, 123–124
mechanism of action, 123
pharmacokinetics, 123
precautions, 124

Strontium-89
adverse reactions, 120–121
clinical trials., 121
dosage and administration, 120
mechanism of action, 120
pharmacokinetics, 120
precautions, 121
warnings, 120–121, 127

Radiotherapy, 55–56
3D conformal radiation therapy, 55
ADT

high-risk disease, 62
side effects, 63
unfavorable intermediate-risk, 61

adverse effects, 68
assessing for recurrence, 70
bowel toxicity, 69
brachytherapy, 56–58
EBRT, 55
fatigue, 63
fractionation schedules, 59

accuracy, 60
hypofractionation, 59
ultrahypofractionated regimens, 60

gastrointestinal, 65–67
IGRT, 56
IMRT, 55
lymphedema, 70
palliative radiation therapy, 60
prostate cancer staging, 58
proton beam radiation therapy, 56
SBRT, 56
secondary malignancies, 69–70
sexual dysfunction, 67
sexual recovery, 69
stress fractures, 68
urinary infection, 64–65

urinary recovery, 69
Radium-223

adverse reactions, 127
ALSYMPCA trial, 128
dosing and administration, 126
mechanism of action, 126
pharmacokinetics, 126
precautions, 127

Renal cell carcinoma (RCC)
antiangiogenic therapy, 235
cryotherapy, 233
cytotoxic chemotherapy, 235
imaging, 232
immunotherapy, 235
novel therapy

carbozantinib, 273
IMmotion-151 trial, 273
JAVELIN-101, 273
lpilimumab, 272
nivolumab, 271
tumor and biomarkers, 274

overview, 232
partial vs. radical nephrectomy, 234
R.E.N.A.L scoring system, 234
radiation, 235
renal biopsy, 232
screening, 236
staging, 232

S
Salvage radiation therapy (SRT), 25, 44, 45
Samarium-153

adverse effects, 124
clinical trials, 125
dosage and administration, 123–124
mechanism of action, 123
pharmacokinetics, 123
precautions, 124

Second generation androgen targeted 
agents, 93–95

abiraterone, 95
apalutamide, 98
CRPC, 94
darolutamide, 100
enzalutamide, 96
GnRH, 94
PSADT, 93

Sipuleucel-T (provenge), 133, 137
Strontium-89

adverse reactions, 120–121
clinical trials., 121
dosage and administration, 120
mechanism of action, 120
pharmacokinetics, 120

Index



307

precautions, 121
warnings, 120–121, 127

T
Taxane derivative

cabazitaxel, 110
docetaxel, 109
side effects

allergic reaction, 115
alopecia, 115
anemia, 114
CTCAE grading, 112–113
diarrhea, 114
fatigue, 115
fluid retention, 113
hepatic toxicity, 113
nail changes, 115
nausea and vomiting, 114
neutropenia, 112
oral stomatitis/taste change, 114
peripheral sensory neuropathy, 115
thrombocytopenia, 115

Testicular cancer
awareness and education, 290–291
cost analysis, 290
cryptorchidism, 280
diagnosis, 284
early detection, 283
epidemiology, 280
ethnicity, 282
family history, 281
HIV, 281
in utero, 282
Klinefelter syndrome, 281
non-seminoma tumor, 288
personal history, 280
pure seminomas, 287–288
risk factors, 280
screening, 283
signs and symptoms, 279, 282–283
sperm banking, 285
stromal tumors, 289
testicular dysgenesis syndrome, 281
treatment, 286–291
tumor markers, 284
tumor types, 285

Testicular dysgenesis syndrome (TDS), 281
The Cancer Genome Atlas Project 

(TCGA), 216
Therapeutic vaccines, 133–134

v-VF, 134
sipuleucel-T (provenge), 133

Transurethral resection of bladder tumor 
(TURBT), 162, 169

U
Upper tract urothelial carcinoma (UTUC)

diagnosis, 222–224
adjuvant urinary markers, 223
biomarkers, 223
cystoscopy, 223
imaging, 222
ureteroscopy, 223
workup, 224

etiology, 222
occurrence, 221
presentation, 222
treatment and follow up

endoscopic management, 225
high-grade disease, 225
initial management, 225
low-grade disease, 225
neoadjuvant/adjuvant therapy, 226
nephroureterectomy, 226
percutaneous ablation, 226
surgical management, 226
ureteroscopy, 226

Urothelial carcinoma
advanced practice provider, 155
clear cell variant, 145
CT urogram, 152
cystoscopic evaluation, 152
diagnosis, 149–151
environmental risk factors, 147
geographic risk factors, 146
glandular differentiation, 145
incidence and prevalence, 142
Jewett–Strong–Marshall classification, 144
laboratory data, 149, 151
medical therapies, 147
micropapillary, 144
mortality rate, 148
nested variant, 144
physical exam, 149
plasmacytoid tumor, 145
risk factors, 148
sarcomas, 146
signet ring cell carcinoma, 146
small cell carcinoma, 146
squamous cell carcinoma, 145
staging, 142
TNM classification, 143
transitional cell carcinoma, 142

Index


	Foreword
	Contents
	Contributors
	Chapter 1: Introduction: Integration of APP into Urologic Oncology Practice
	Part I: Prostate Cancer
	Chapter 2: Overview and Active Surveillance of Prostate Cancer
	Introduction
	Epidemiology
	Risk Factors
	Signs and Symptoms
	PSA and Screening
	Diagnostic Evaluation
	Pathology
	Staging
	Risk Stratification
	Active Surveillance
	Bibliography

	Chapter 3: Monitoring and Managing Men Following Initial Treatment of Prostate Cancer
	Introduction
	Monitoring Categories
	Monitoring for Biochemical Recurrence
	Risk Stratification and Additional Testing
	Evidence of Recurrence
	Conclusion
	References

	Chapter 4: Radical Prostatectomy and Survivorship After Radical Prostatectomy
	Radical Prostatectomy
	Survivorship after Radical Prostatectomy
	Urinary Recovery
	Sexual Recovery

	Works Cited

	Chapter 5: Multimodal Treatment Plans in Prostate Cancer
	Introduction
	Postoperative Radiation Therapy
	Genomics
	Bibliography

	Chapter 6: Radiotherapy for Prostate Cancer
	Radiotherapy Techniques
	External Beam Radiation Therapy
	Brachytherapy

	Radiation Therapy Based on Prostate Cancer Staging
	Fractionation Schedules and Dosing
	Moderate Hypofractionation
	Ultrahypofractionated Regimens
	Accuracy

	Palliative Radiation Therapy
	Use of Androgen Deprivation Therapy (ADT) with Radiotherapy
	Unfavorable Intermediate-Risk Disease
	High-Risk and Very-High-Risk Disease
	Possible Side Effects

	Unique Toxicities: Recognition, Treatment, and Management
	Fatigue
	Urinary Toxicities
	Gastrointestinal Toxicities
	Sexual Dysfunction
	Stress Fractures
	Methods of Minimizing Adverse Effects

	Survivorship after Radiotherapy
	Urinary Recovery
	Sexual Recovery
	Bowel Toxicity
	Secondary Malignancies
	Other Survivorship Considerations
	Assessing for Recurrence

	Conclusion
	References

	Chapter 7: Androgen Deprivation Therapy
	Introduction
	Mechanism of Action
	Regulation of Androgen Production

	Agents of Treatment
	Removal of Sources of Androgens
	Use of LHRH Agonists and GnRH Antagonists
	Antiandrogens: Nonsteroidal and Steroidal Antiandrogens

	Antiandrogen Withdrawal
	Side Effects Management
	Healthy Lifestyle
	Patient Counseling
	Second-Line Hormone Manipulation
	Ketoconazole

	References

	Chapter 8: Second-Generation Androgen-Targeted Agents
	Second-Generation Androgen-Targeted Agents
	Usage, Indications, and Side Effects of Abiraterone, Enzalutamide, Apalutamide, and Darolutamide
	Abiraterone (ZYTIGA™, YONSA™)
	Enzalutamide (XTANDI™)
	Apalutamide (ERLEADA™)
	Darolutamide (NUBEQA™)

	Conclusion
	References

	Chapter 9: Chemotherapy and Prostate Cancer
	Introduction
	Metastatic Hormone-Sensitive Prostate Cancer (mHSPC)
	Metastatic Castration-Resistant Prostate Cancer (mCRPC)
	Metastatic Neuroendocrine Carcinoma
	Chemotherapy
	Docetaxel
	Cabazitaxel
	Mitoxantrone

	Management of Side Effects for Taxanes Derivatives
	Conclusion
	References

	Chapter 10: Radiopharmaceuticals for Prostate Cancer
	General Considerations for Radiopharmaceuticals
	Strontium-89
	Mechanism of Action
	Pharmacokinetics
	Dosage and Administration
	Adverse Reactions and Warnings
	Safety Precautions and Patient Education
	Background and Clinical Considerations

	Samarium-153
	Mechanism of Action
	Pharmacokinetics
	Dosage and Administration
	Adverse Effects and Precautions
	Patient Education
	Background and Clinical Considerations

	Radium-223
	Mechanism of Action
	Pharmacokinetics
	Dosing and Administration
	Adverse Reactions and Warnings
	Safety Precautions and Patient Education
	Background and Clinical Considerations

	New Directions and Conclusions
	References

	Chapter 11: Immunotherapy and Novel Agents on the Horizon for the Treatment of Prostate Cancer
	Therapeutic Vaccines
	Immunomodulatory Drugs/Checkpoint Inhibitors
	Treatments that Target CTLA-4 (Cytotoxic T-Lymphocyte-Associated Protein 4) Receptor
	Treatments that Target PD-1 (Programmed T-Cell Death 1) or PD-L1
	Adverse Effects of Immune Checkpoint Inhibitors
	Ongoing Studies of Immune Checkpoint Inhibitors
	Administration of Immune Checkpoint Inhibitors

	PARP Inhibitors
	Combination Therapies
	References


	Part II: Bladder Cancer
	Chapter 12: Bladder Cancer: Overview, Epidemiology, Initial Presentation and Diagnosis
	Overview and Epidemiology of Bladder Cancer
	Urothelial Carcinoma: Overview
	Staging
	Histologic Variants of Urothelial Carcinoma
	Micropapillary Urothelial Carcinoma
	Nested Variant of Urothelial Carcinoma
	Clear Cell Variant of Urothelial Carcinoma
	Glandular or Adenocarcinoma Differentiation
	Plasmacytoid Tumor

	Non-urothelial Malignancies
	Squamous Cell Carcinoma
	Sarcomas
	Signet Ring Cell Carcinoma
	Small Cell Carcinoma

	Risk Factors for Bladder Cancer Development
	Geographic Risk Factors
	Environmental Risk Factors

	Medications/Chemicals Contributing to the Development of Bladder Cancer
	Age, Gender, and Genetics as Risk Factors for Bladder Cancer
	Mortality
	Initial Presentation and Diagnosis
	Physical Exam
	Diagnostic Testing
	Laboratory Data
	Diagnosis
	Diagnostic Studies
	Cystoscopic Evaluation: Final Step for Hematuria Workup

	References

	Chapter 13: Intravesical Therapy for Non-muscle Invasive Urothelial Carcinoma
	Introduction
	Intravesical Chemotherapy
	Mitomycin
	Gemcitabine
	Doxorubicin
	Epirubicin
	Thiotepa
	Valrubicin
	Immunotherapy
	BCG
	Interferon

	Clinical Uses of Intravesical Therapy
	Perioperative Intravesical Therapy
	Reducing Recurrence and Progression
	Refractory Disease
	Complications of Intravesical Therapy
	Cystoscopic Follow-Up

	References

	Chapter 14: Bladder Cancer: Muscle-Invasive Disease, Neoadjuvant Chemotherapy, and Radical Cystectomy
	Neoadjuvant Chemotherapy
	Neoadjuvant Immunotherapy
	Adverse Reactions
	Radical Cystectomy
	Approaches
	Perioperative Teaching
	Select Surgical Complications
	Urinary Diversions
	Incontinent Diversion
	Continent Urinary Diversions
	Orthotopic Diversion
	Nonorthotopic Diversion


	Posttreatment Survivorship
	Summary
	References

	Chapter 15: Chemoradiation Bladder Preservation
	Indications and Mechanisms
	Quality of Life

	Algorithms
	Survivorship
	Future Directions
	References

	Chapter 16: Metastatic Bladder Cancer and the Use of Cisplatin Chemotherapy
	Introduction
	Diagnosis/Initial Evaluation
	Treatment Selection
	Treatment-Related Toxicities
	Monitoring Disease Response
	References

	Chapter 17: Immunotherapy for Metastatic Urothelial Cancer
	General Overview of Systemic Immunotherapy for Urothelial Cancer
	Treatment of Metastatic Urothelial Cancer with Immunotherapeutic Agents
	Overview
	First-Line Treatments in Platinum-Ineligible Patients
	Atezolizumab
	Pembrolizumab

	Second-Line Treatments in Patients with Disease Progression Post-platinum
	Pembrolizumab
	Atezolizumab
	Durvalumab
	Nivolumab
	Avelumab

	Summary

	References

	Chapter 18: Novel and Experimental Strategies in the Treatment of Metastatic Urothelial Carcinoma
	Introduction
	Recent Advances
	Molecular Markers and Genomic and Targeted Therapy
	FGFR Inhibitors
	ErbB
	Antibody-Drug Conjugates
	Angiogenesis Inhibitors

	Conclusions
	Bibliography

	Chapter 19: Upper Tract Urothelial Carcinoma
	Introduction
	Occurrence
	Relation to Bladder Cancer
	Etiology

	Presentation
	Diagnosis
	Treatment and Follow-Up
	References


	Part III: Kidney Cancer
	Chapter 20: Kidney Cancer and Its Treatment
	Chapter Content
	References

	Chapter 21: Targeted Therapies for Treatment of Metastatic Renal Cell Carcinoma
	Introduction
	Tyrosine Kinase Inhibitors
	Anti-vascular Endothelial Growth Factor (VEGF) Antibodies
	Mammalian Target of Rapamycin (mTOR)
	Summary of TKIs in Managing Metastatic Renal Cell Carcinoma
	Management of Treatment Side Effects
	References

	Chapter 22: Immune Therapies for Metastatic Kidney Cancer
	Background
	Interleukin-2
	Dose
	Adverse Events

	Interferon Alfa-2a
	Dose
	Adverse Events

	Immunomodulators and Checkpoint Inhibitors
	Mechanism and Biology
	Cytotoxic T-lymphocyte Antigen-4
	Dose
	Toxicity
	Programmed Cell Death Protein-1
	Dose
	Adverse Events

	Conclusions
	References

	Chapter 23: Novel Therapies for Renal Cell Carcinoma
	Nivolumab
	Ipilimumab
	Cabozantinib
	Other Novel Agents
	Tumor and Biomarkers
	Conclusion
	References


	Part IV: Other Malignancies
	Chapter 24: Testicular Cancer
	Signs and Symptoms
	Epidemiology
	Risk Factors
	Cryptorchidism
	Personal History
	Family History
	Testicular Dysgenesis
	Klinefelter Syndrome
	HIV
	Ethnicity
	In Utero

	Summary
	Signs and Symptoms

	Screening
	Early Detection
	Pre-diagnosis Workup
	Tumor Markers
	Diagnosis
	Post-diagnosis Workup
	Sperm Banking
	Tumor Types
	Treatment
	Pure Seminomas
	Nonseminoma and Mixed Tumors
	Stromal Tumors
	Continued Monitoring: Follow-up

	Cost Analysis
	Patient Awareness and Education


	References

	Chapter 25: Penile Cancer
	Introduction
	Risk Factors and Prevention
	Natural History
	Staging
	Chemotherapy for Penile Cancer
	Localized Disease
	Locally Advanced Disease
	Metastatic Disease

	Targeted Therapy
	Immunotherapy
	Conclusion
	References


	Index

