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Preface

This evidence-based guide on lower genitourinary system (GUS) cancers is aiming 
to be a reference and first-aid book to enable practicing urooncologists to achieve 
the current management in the multidisciplinary setting of patient selection and 
cutting-edge treatment finalization.

This guide includes a surgical urooncology perspective with advanced technol-
ogy to understand the competing surgical approaches, in addition to a medical 
oncology perspective in multidisciplinary tumor board.

The illustrative spectrum starting from delineation of tumor volumes and organs 
at risk based on CT simulation and ending at different definitive approaches of 
stereotactic body radiotherapy (SBRT), intensity-modulated radiation therapy 
(IMRT), tomotherapy, volumetric modulated arc therapy (VMAT), and proton 
therapy will highlight the practical tips to ease the management of everyday chal-
lenging cases and also provide a comparison of robotic radiosurgical techniques as 
CyberKnife and LINAC-based techniques.

Each related chapter will display an academic expert view of everyday cases at 
different stages including case presentations, contouring, treatment planning, and 
treatment delivery based on illustrations of slice-by-slice delineations on planning 
CT images and finalization of plan on detailed acceptance criteria. The book will be 
of value for practicing oncologists as well as other oncology fellows and residents 
interested in urooncology to facilitate the decision making in the management of 
patients with lower GUS cancers and will aid encountering daily challenges in clini-
cal practice.

We hope Principles and Practice of Urooncology will meet the need for a practi-
cal and up-to-date review of lower genitourinary tumors for residents, fellows, and 
clinicians of radiation and medical and urological oncology, as well as for medical 
students, physicians, and medical physicists interested in lower genitourinary 
 system malignancies.

Ankara, Turkey Gokhan Ozyigit, M.D. 
Istanbul, Turkey Ugur Selek, M.D. 
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1Radiological Imaging in Urological 
Cancers

Mehmet Ruhi Onur and Muşturay Karçaaltıncaba

Abstract
The use of radiological imaging in urological cancers is increasing with 
improvements in imaging technologies and implementation of these techniques 
to clinical scenarios. Ultrasonography, computed tomography, and magnetic 
resonance imaging have enormous potentials in the diagnosis, staging, and sur-
veillance of urological cancers. Emerging imaging techniques enable morpho-
logic assessment of urological cancers with high spatial and contrast resolution. 
Functional imaging techniques reveal microstructure of tumors which can be 
used in the diagnosis, prediction of prognosis, and assessment of response to 
treatment and surveillance of tumors. Biopsyless diagnosis may be possible in 
the future particularly for renal and prostate tumors. In this chapter, current 
status of urooncologic imaging will be reviewed.

1.1  Introduction

Urological cancers constitute one of the most frequent encountered malignancies in 
urologic and oncologic practice. Imaging has a critical role in the diagnosis of uro-
logical tumors as well as staging and active surveillance. In addition to the morpho-
logic and functional assessment of tumors, imaging techniques can be used to guide 
the interventional procedures including biopsy, preoperative embolization, or abla-
tion providing palliative care or curative treatment. Optimal evaluation and treat-
ment of urological cancers can be accomplished with appropriate use of imaging 
techniques for the diagnosis and staging of tumors, guidance for invasive proce-
dures, and active surveillance of patients.

M.R. Onur, M.D. • M. Karçaaltıncaba, M.D. (*) 
Department of Radiology, Hacettepe University, Ankara, Turkey
e-mail: musturayk@yahoo.com
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Ultrasonography (US) is usually the first preferred imaging technique in the 
diagnosis of urological cancers. As a noninvasive, inexpensive, easily accessible, 
and nonionizing radiation used imaging method, US can be used in patients as a 
first-step imaging technique in patients with suspected malignancy. US demon-
strates solid and/or cystic content of the urological masses. Color-flow Doppler US 
(CDUS) can reveal blood flow within the mass. However grayscale US and CDUS 
have remarkable limitations in characterization of urological masses. Contrast- 
enhanced US (CEUS) can demonstrate the enhancement features of tumors which 
increase the likelihood of neoplastic nature of a mass and can be used in differentia-
tion between benign and malignant urological masses. New emerging technologies 
promise increased capability for detection and characterization of urological 
cancers.

Computed tomography (CT) is the mainstay imaging technique utilized in radio-
logic assessment of renal, ureteral, and bladder cancers. With its multiplanar imag-
ing capability acquired in a short scanning time, CT can demonstrate morphological 
imaging features, attenuation values, and contrast enhancement patterns of tumors. 
CT may be helpful to characterize urological cancers by comparison of density 
values of urological cancers represented by Hounsfield unit (HU) at unenhanced, 
early, and delayed phases after intravenous (IV) contrast administration.

Magnetic resonance imaging (MRI) is a problem-solving imaging technique in 
the radiologic assessment of urological cancers. Acquisition of multiple imaging 
sequences with high soft tissue contrast resolution assigns MRI as decision-making 
technique in difficult cases. Multiparametric MRI (mp-MRI) technique which con-
sists of conventional MRI sequences such as T1-weighted (W), T2-W, dual-echo 
T1-W sequences combined with functional MRI sequences including diffusion- 
weighted imaging (DWI) and dynamic contrast-enhanced MRI (DCE-MRI) are 
being more increasingly used in detection and characterization of the urological 
cancers.

1.2  Renal Cancer

1.2.1  General Information

Renal cancers account for 3% of adult malignancies, occurring at a mean age of 65. 
Male predominance exists in renal cancers with a male to female ratio of 3:1 [1]. 
Renal cancers are more frequently detected at early stages due to frequent inciden-
tal presentation of renal tumors on cross-sectional imaging studies performed due 
to indications other than urological symptoms. The likelihood of malignancy is 
80% in all solid renal lesions detected on imaging studies [2]. However 38% of 
renal lesions less than 1 cm are benign [3]. Detection of renal tumors on imaging 
studies necessitates differentiation between benign and malignant masses. In the 
setting of renal malignancy assessment of other kidney in terms of renal mass is 
mandatory since 5% of sporadic renal tumors present as bilateral multifocal renal 
masses [4, 5].

M.R. Onur and M. Karçaaltıncaba
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Best prognostic factors in renal cancers are grade and stage of the cancers deter-
mined with Fuhrman grading system and tumor-node-metastasis (TNM) staging 
system, respectively. Fuhrman grading system classifies renal carcinomas according 
to nuclear size and shape and the size of the nucleoli [1]. TNM staging system 
includes localization of renal cancers, extension of tumors to perirenal tissues, and 
metastatic involvement of lymph nodes and distant tissues and organs. Imaging 
techniques can determine the local and distant spread of renal cancers.

1.2.2  Imaging Techniques

1.2.2.1  Ultrasonography
Ultrasonography is helpful for initial screening of renal lesions as well as to dis-
criminate cystic lesions from solid lesions and monitoring growth of previously 
determined lesion [6]. Renal cancers usually present as a focal, expansile mass with 
heterogeneous echogenicity different from adjacent hypoechoic renal parenchyma. 
Heterogeneous echogenicity and expansile nature of renal cancers are helpful in 
distinguishing renal cancers from pseudotumoral renal lesions such as column of 
Bertin and dromedary hump of the kidney. However detection of small renal cancers 
(<3 cm) confined in renal parenchyma without expansile appearance may be diffi-
cult with US especially if these cancers have isoechoic appearance similar to renal 
parenchyma. Renal cell carcinoma (RCC) as being most frequently encountered 
renal tumor usually manifests as hypo-, iso-, or hyperechoic expansile mass on US 
(Figs. 1.1 and 1.2).

Small renal masses (<3 cm) may more likely present with hyperechoic appear-
ance than larger tumors [7]. Papillary RCCs usually appear as hypoechoic or 
isoechoic and rarely hyperechoic solid masses (Fig. 1.3) [8]. However it is nearly 

Fig. 1.1 Clear cell RCC. Grayscale US of a 78-year-old male demonstrates a hypoechoic 
 expansile solid renal mass (arrows)

1 Radiological Imaging in Urological Cancers
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impossible to differentiate subtypes of RCCs such as clear cell RCC, papillary 
RCC, and chromophobe RCC by US due to similar sonographic features of these 
tumors on grayscale US and CDUS. Generally, papillary cell types of RCCs have 
less vascularity compared to other types of RCCs on CDUS (Fig. 1.3). Renal lym-
phomas and metastases may manifest as multifocal infiltrative masses (Fig. 1.4). 
Renal pelvis tumors, most frequently as transitional cell carcinomas (TCCs), pres-
ent with a hypoechoic appearance within the hyperechoic renal sinus (Fig. 1.5). 
However TCCs or other tumors localized in renal pelvis are usually more suscepti-
ble to be missed on US compared to renal parenchymal tumors.

Cystic renal masses detected on US should be elaborated in terms of malig-
nancy. Sonographic features that increase the likelihood of malignancy in complex 
renal cysts include thickened cyst wall, numerous or thickened or nodular septa-
tions within the cyst, presence of irregular or central calcifications, and the pres-
ence of blood flow in the septations or cyst wall (Fig. 1.6) [9]. US can be an 
important complementary method by revealing cystic nature of hyperdense, 

a b

Fig. 1.2 Chromophobe RCC. (a) Grayscale US of a 56-year-old female with chromophobe RCC 
reveals multilobulated hyperechoic solid mass (arrow). (b) Power Doppler US demonstrates 
hypervascularity of the tumor

a b

Fig. 1.3 Papillary cell RCC. (a) Grayscale US of a 66-year-old male with papillary RCC shows 
hypoechoic renal mass (arrow) arising from lower pole of the kidney and extending inferiorly. (b) 
Renal mass presents with low vascularity on power Doppler US

M.R. Onur and M. Karçaaltıncaba
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solid-appearing renal lesions on CT and solid nature of lesions which appear as 
cystic mass on CT [10].

Contrast-enhanced US seems to be a promising imaging technique for 
 distinguishing benign and malignant renal tumors. A meta-analysis study including 

Fig. 1.4 Renal lymphoma. Grayscale US reveals multifocal hypoechoic infiltrative lesions 
(arrows) in the renal parenchyma representing lymphomatous involvement

Fig. 1.5 Renal TCC. Grayscale US of a 72-year-old female with TCC demonstrates a hypoechoic 
solid mass (arrow) in the renal pelvis replacing hyperechoic renal sinus fat in the upper pole of 
the kidney

1 Radiological Imaging in Urological Cancers
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11 studies reported a pooled sensitivity of 88% and specificity of 80% in differentia-
tion between benign and malignant renal tumors by CEUS [11].

Ultrasound elastography is an emerging technique based on measuring elasticity 
of biological tissues by calculating their response to manually applied force by US 
probe or propagating sound waves. Since malignant renal tumors are assumed to be 
stiffer than benign tumors, it has been suggested that US elastography can be used 
to differentiate benign and malignant renal tumors (Fig. 1.7). Although successful 
results imply the utility of US elastography in differentiation between benign and 
malignant renal tumors, determination of subtypes of renal tumors seems to be 
unpredictable by this technique [12].

Assessment of renal vein involvement is mandatory in case of renal cancers. 
Renal veins should be visualized from renal hilum to inferior vena cava (IVC) on 
CDUS to detect hypo- or hyperechoic filling defect with solid appearance in renal 
vein representing tumoral thrombus. CDUS is comparable to MRI for detecting 
tumoral extension to renal veins and inferior vena cava with a sensitivity of 86% and 
specificity of 94% [13–15].

Main limitation of US in assessment of renal tumors is difficulty to detect and 
characterize small renal masses. One study showed that 42% of renal lesions 
between 15 and 20 mm were not detected on US while CT detected 100% of lesions 
[16]. User dependency which may cause interobserver variability in follow-up of 
lesions is another limitation of US.

Intraoperative US yields high-resolution images in partial nephrectomies and 
enucleation of tumors. Intraoperative US can demonstrate new findings which were 
not detected on preoperative imaging in 10.6% of cases and alters the surgical man-
agement in 71.4% of patients with renal cancers [17].

a b

Fig. 1.6 Cystic RCC. (a) Grayscale US reveals cystic renal mass (arrow) containing thick septa 
(arrowhead). (b) Axial contrast-enhanced CT reveals cystic renal mass (arrow) in the right kidney 
with enhancing septa (arrowhead)

M.R. Onur and M. Karçaaltıncaba
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1.2.2.2  Computed Tomography
Computed tomography is the decision-making imaging technique in assessment of 
renal tumors. Awareness of sonographic imaging features of renal mass may be 
helpful for planning CT protocol since renal parenchymal or pelvis tumors should 
be scanned with different CT protocols. The use of intravenous (IV) iodinated con-
trast material and ionizing radiation in CT examination mandates appropriate plan-
ning of CT protocol. Multiphasic CT protocols used in the evaluation of renal mass 
include precontrast scanning and corticomedullary (scan delay 35–40 s after IV 
contrast injection), nephrographic (scan delay 70–90 s after IV contrast injection), 
and delayed excretory (scan delay 5–10 min after IV contrast injection) phases [18]. 
Precontrast images demonstrate calcifications in the renal masses and yield a base-
line density measurement to compare enhancement degree and pattern of the tumors 
on contrast-enhanced images. Precontrast CT is also critical in depicting hypovas-
cular hemorrhagic cysts which may be misdiagnosed on contrast-enhanced images 
as hypovascular papillary RCC [19]. In these cases, unenhanced CT demonstrates 
hyperdense appearance of hemorrhagic cysts secondary to high attenuation of the 

a b

c d

Fig. 1.7 Ultrasound elastography of renal masses. (a) Grayscale US image of a 48-year-old 
female demonstrates hyperechoic mass (arrow) representing angiomyolipoma. (b) Strain elastog-
raphy of the mass depicts strain index value as 1.07 (dashed arrow) corresponding to benign renal 
mass. (c) Grayscale US image of a 55-year-old male with RCC reveals hyperechoic solid mass 
(arrow) in the kidney. (d) Strain elastography depicts strain index value of the mass as 5.17 (dashed 
arrow) representing increased stiffness and likelihood of malignancy of the mass

1 Radiological Imaging in Urological Cancers
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blood on CT and helps to realize pseudoenhancement of hemorrhagic cysts on 
contrast- enhanced CT images (Fig. 1.8). Corticomedullary images demonstrate 
lesion vascularity and renal vascular anatomy. Renal cortex enhances more than 
renal medulla in corticomedullary phase. Images acquired on this phase may help to 
distinguish hypervascular clear cell carcinoma from hypovascular papillary cell car-
cinoma [19]. However renal masses localized in renal medulla may be missed on 
corticomedullary phase images. In nephrographic phase renal parenchyma enhances 
homogeneously with similar enhancement in renal cortex and medulla. Renal 
tumors manifest as less enhancing solid or semisolid lesions compared to renal 
parenchyma (Fig. 1.9). This phase is the most helpful imaging phase for detection 
and characterization of renal masses [20]. Nephrographic phase images have supe-
riority in detection especially small (<3 cm) renal masses in the renal parenchyma 
[18]. Excretory images are helpful to delineate renal collecting systems, ureters, and 
bladder with tumoral involvement of these structures (Fig. 1.9).

Malignant potential of a renal mass increases with presence of significant 
enhancement which is defined as an attenuation increase of at least 15–20 HU on 
postcontrast images with respect to the precontrast image [20]. Enhancement of a 
lesion up to 10 HU is defined as pseudoenhancement which may be encountered in 
some renal cysts. Enhancement of 10–20 HU in a renal mass on CT refers to inde-
terminate mass that necessitates assessment with MRI. Other scanning phases give 
additional valuable information for presurgical planning. Contrast enhancement 
characteristics of renal masses can be a distinguishing feature in prediction of sub-
types of RCCs. Conventional type or clear cell type of RCC as being most fre-
quently detected RCC subtype presents usually as well-circumscribed, heterogeneous 
mass containing usually two components as solid hypervascular portion and necrotic 
or hemorrhagic necrotic, avascular portion [21]. Typical clear cell RCC manifests 
with intense enhancement in the corticomedullary phase and less enhancement 

a b

Fig. 1.8 Hemorrhagic cyst. (a) Grayscale US image of a 45-year-old female shows well- 
circumscribed hypoechoic cyst-like mass (arrow) located near the lower pole of the right kidney. 
The absence of posterior acoustic enhancement suggests probability of solid mass. (b) Precontrast 
axial CT image reveals hyperattenuation in the mass (arrow) representing hemorrhagic cyst

M.R. Onur and M. Karçaaltıncaba
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compared to renal parenchyma at nephrographic phase. Papillary RCCs were 
reported as homogeneously enhancing renal mass in comparison to renal paren-
chyma and other subtypes of RCC [22, 23]. A hypovascular solid renal mass with-
out fat content usually suggests papillary RCC as 82% of the cases manifest with 
less than or equal to 40 HU enhancement [24].

Small renal lesions which are smaller than 10 mm constitute a challenge for both 
urooncologists and radiologists. Characterization of renal masses less than 1 centi-
meter is frequently difficult on CT [21]. If a renal parenchymal lesion appears 
hypodense compared with the renal cortex on precontrast CT images with the den-
sity values of <10 HU or <−20 HU regardless of density values after IV contrast 
administration, these lesions can be assumed to be a benign renal parenchymal 
lesion mostly renal cortical cyst and small angiomyolipoma, respectively [21]. 
When density measurement of small renal parenchymal lesions does not yield any 
informative value, these lesions can be defined as “indeterminate microlesion, with 
no suspect characteristics” and can be followed up with imaging [21].

a b

c d

Fig. 1.9 Multiphasic CT of clear cell RCC. (a) Axial CT image obtained at corticomedullary 
phase reveals hypervascular solid mass (arrow) arising from the inferior pole of the right kidney. 
(b) Axial and (c) coronal CT images at nephrogram phase demonstrate solid mass (arrows) 
enhancing less than adjacent renal parenchyma. (d) Axial excretory phase CT image reveals splay-
ing of inferior collecting system by the mass (arrow)
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Cystic renal masses detected on CT should be interrogated in terms of malig-
nancy. Bosniak classification system is widely accepted as a reliable tool to define 
complicated cystic renal masses for likelihood of malignancy. Although Bosniak 
classification was firstly introduced as CT classification system, the classification 
scheme may also be applied to MRI [25]. According to Bosniak classification 
system, category I lesions refer to simple cysts. Category II lesions have smooth 
septa and minimal wall thickening. Category I and II lesions are benign lesions 
requiring no further workup. Category IIF lesions include well-marginated cysts 
with enhancing or nonenhancing multiple hairline-thin septa and nonenhancing 
high- attenuation renal lesions. These lesions are indeterminate moderately com-
plicated cystic renal masses that require follow-up to demonstrate stability. 
Category III lesions have thickened wall or septa and include some imaging fea-
tures suspicious of malignancy that may be managed surgically. The presence of 
solid component in cystic renal mass refers to Bosniak category IV lesion and 
indicates high suspicion for malignancy (Fig. 1.10). Category IV lesions are man-
aged surgically. Pseudoenhancement which is characterized as increased density 
in the cyst wall or septa after IV contrast administration is a pitfall that can cause 
misdiagnosis of cystic renal malignancy. Pseudoenhancement of cystic renal 
masses results from volume averaging and beam-hardening effects on CT [22]. 
Smaller renal cysts tend to be more amenable to pseudoenhancement [26]. 
Hemorrhagic cysts can present with pseudoenhancement; however hyperdense 
appearance of hemorrhagic cysts on precontrast CT is characteristic for hemor-
rhagic cysts.

CT can easily identify macroscopic fat in renal masses. The diagnosis of angio-
myolipoma can be established safely on CT when the density of a mass measured 
as <−20 HU with no content of calcification or necrosis [21]. However RCCs may 
rarely present with fat component. Fat content in a RCC mostly occurs in papillary 
cell type [27]. In the setting of fat-containing renal mass, the possibility of 

Fig. 1.10 Cystic RCC. Axial contrast-enhanced CT demonstrates cystic mass (arrow) with 
enhancing solid component (asterisk) classified as Bosniak category IV and surgically proved to 
be RCC
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malignancy should be thought if a large, solid, infiltrating, and heterogeneous lesion 
is detected on CT. Calcifications may be encountered in 30% of RCCs which are 
typically central and irregular [21]. Invasion of the renal vein and inferior vena cava 
(IVC) occurs in 23% and 7% of RCCs, respectively [28] (Fig. 1.11).

a

b

Fig. 1.11 RCC with venous invasion. (a) Axial contrast-enhanced CT of a 66-year-old female 
with RCC demonstrates a solid renal mass (arrow) in the interpolar region of the right kidney and 
invasion of the renal vein with tumor (arrowhead). (b) Coronal contrast-enhanced CT reveals 
tumoral invasion of the right renal vein and extension of the tumor thrombus to the right atrium 
through IVC (arrows)

1 Radiological Imaging in Urological Cancers



12

RENAL nephrometry scoring system is a numerical scoring system of imaging 
features of renal mass on CT or MRI including maximal tumor radius, exophytic 
versus endophytic nature of the tumor, relationship of the tumor to the collecting 
system or sinus, location relative to polar lines, and anterior or posterior tumor loca-
tion [20]. It was reported that RENAL nephrometry scoring system can be used as 
a predictor of surgical outcomes of laparoscopic partial nephrectomy and histology 
and grade of RCCs [29].

Dual-energy CT (DECT) is an evolving CT technology, which is characterized 
by simultaneous acquisition of CT data with two different energies or peak tube 
voltages [30]. In this technology different tissues in the organs can be separated by 
attenuation difference behavior at two different tube voltage levels. Virtual unen-
hanced CT images can be acquired which contributes to decreasing ionizing radia-
tion dose up to 47% compared to multiphasic CT examination [31]. Iodine content 
of the renal masses instead of attenuation values (HU) after IV contrast administra-
tion can be measured with this technique (Fig. 1.12). DECT can also be helpful to 
demonstrate pseudoenhancement of renal masses [32].

1.2.2.3  Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is a problem-solving tool in characterizing 
renal tumors with its high soft tissue contrast and multiplanar imaging capabilities 
[33]. MRI can depict water and fat content of renal tumors. Benign and malignant 
renal tumors may be more accurately differentiated by MRI due to capability of 
obtaining various sequences which enable to determine fat and water content of 
renal masses. MRI was shown to be better in evaluating renal lesions which were 
previously deemed indeterminate on CT [34].

a b

Fig. 1.12 Dual-energy CT of renal mass. Axial iodine overlay (a) and coronal mixed (b) images 
of DECT reveal a cystic mass (arrows) at the upper pole of the left kidney with a septum formation 
that uptakes iodine (arrowhead)
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Renal mass evaluation with MRI should include T1-W axial in- and out-of-phase 
gradient-echo sequence to identify macroscopic and microscopic fat, T2-W axial 
and coronal sequences to evaluate overall anatomy, renal collecting system, and 
complexity of cystic renal lesions and dynamic contrast-enhanced (DCE) T1-W fat- 
suppressed sequences consisting of corticomedullary, nephrographic, and excretory 
phases. Renal tumors usually appear hypointense on T1-W and hyperintense on 
T2-W images, while papillary cell RCCs manifest as hypointense lesions on T2-W 
images (Fig. 1.13). Cystic renal masses can be more easily and accurately character-
ized by MRI compared to CT. The presence and thickness of septa, wall thickness, 
and contrast enhancement patterns of renal cystic lesions can be depicted on 
DCE-MR images. Coronal T1-W images at excretory phase with administration of 
diuretics can delineate collecting system and ureters and may be helpful in the diag-
nosis of TCCs.

DWI technique is increasingly used in the assessment of renal tumors. Solid 
renal tumors demonstrate increased signal intensity on DW images and decreased 
signal intensity on ADC maps secondary to restricted diffusion of water molecules 
in renal tumors (Fig. 1.14). DWI has potential to discriminate malignant renal 
tumors from benign tumors with ADC measurements. It was shown that malignant 
renal masses have lower ADC values than benign renal masses (Fig. 1.15) [19]. The 
ADC values of clear cell RCC were shown to be significantly higher than chromo-
phobe and papillary cell RCC which may be helpful to differentiate these subtypes 
of RCC [35, 36].

Superiority of MRI over other imaging techniques is most remarkable on renal 
cystic masses with high protein content and hemorrhage. Since these lesions dem-
onstrate high density on precontrast images and may show pseudoenhancement 
on contrast-enhanced CT images, their diagnosis may be difficult on MDCT. 

Fig. 1.13 Papillary RCC. Axial T2-W MRI of a 72-year-old male demonstrates a well- 
circumscribed hypointense mass (arrow) in the right kidney
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MRI provides a solution for this problem with subtraction technique. With MRI 
subtraction technique, precontrast MR image of a T1-W hyperintense lesion can be 
subtracted from contrast-enhanced image of same lesion (Fig. 1.16). MRI was 
shown to be superior than CT on depicting additional septa, thickening of the wall 

a b

Fig. 1.14 DWI of renal cancer. (a) Contrast-enhanced T1-W MRI of a 62-year-old male with 
chromophobe RCC demonstrates enhancing solid mass (arrow) in the right kidney. (b) Renal mass 
presents with signal loss (arrow) secondary to restricted diffusion on ADC map

a b

c d

Fig. 1.15 ADC values of benign and malignant renal masses. (a) Axial contrast-enhanced fat- 
saturated T1-W image of a 44-year-old female with oncocytoma reveals enhancing solid mass 
(arrow) with nonenhancing central scar. (b) ADC value of the mass on ADC map image is mea-
sured as 2.26 mm2/s. (c) Axial T2-W image of a 66-year-old male with chromophobe RCC reveals 
a hyperintense solid mass (arrow) arising from the left kidney. (d) ADC value of the mass on ADC 
map image is measured as 1.59 mm2/s
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a

b

c

Fig. 1.16 Renal complex cyst on subtraction MRI. (a) Axial fat-suppressed T1-W image shows 
a hyperintense mass (arrow) in the left kidney. (b) Axial contrast-enhanced T1-W image dem-
onstrates left kidney mass with hyperintense appearance (arrow) suggesting contrast enhance-
ment. (c) Subtraction image reveals signal loss (arrow) in the mass confirming nonenhancement 
of the mass
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or septa, or enhancement of the complex renal cysts [25]. Application of Bosniak 
criteria to cystic lesions on MRI may lead to upstaging of lesions in 10% of cases 
which were previously categorized on CT [25].

MRI is also a key imaging tool for differentiation between fat-poor angiomyoli-
pomas (AMLs) from RCC. A study using combination of MR sequences reported 
sensitivity, specificity, and accuracy values of 73%, 99%, and 96%, respectively, in 
distinguishing AML from RCC [37].

Multiparametric MRI (mp-MRI) of the kidney refers to acquisition of DCE- 
MRI, DWI, and perfusion MRI for evaluation of renal tumors. Perfusion MRI tech-
niques including arterial spin labeling (ASL) and blood-oxygen-level-dependent 
(BOLD) MRI were reported to be helpful in distinguishing between benign and 
malignant renal masses with the capability of obtaining high-temporal-resolution 
images compared to conventional dynamic MRI. ASL is characterized by using the 
endogenous contrast properties of arterial blood and noninvasively labeling inflow-
ing spins without exogenous contrast material administration [38]. ASL was shown 
to be helpful in distinguishing between RCC and oncocytomas as well as between 
papillary RCCs from other subtypes of RCC [38, 39]. BOLD MRI may be helpful 
for distinguishing RCCs from AMLs at 3 T MRI and for differentiation between 
benign cystic lesions from RCCs [40].

Although gadolinium-based contrast agents that are used in MRI were thought as 
safe contrast agents before, it is well known that these patients especially ones with 
impaired kidney function are at the risk of nephrogenic systemic fibrosis. Therefore, 
the use of gadolinium contrast in patients with low glomerular filtration rate 
(<30 mL/min/1.73 m2) is not recommended according to guidelines of American 
College of Radiology unless risk-benefit assessment favors the use of gadolinium 
contrast agent [20].

Malignant Tumors of Renal Pelvis
Transitional cell carcinomas and squamous cell carcinomas (SCC) represent 90% 
and 10% of pelvicalyceal malignant tumors (PMTs), respectively [41]. TCC may 
present as multifocal, synchronous, or metachronous lesions, which necessitate 
evaluation of all urinary tract with cross-sectional imaging studies. Computed 
tomography urography (CTU) enables evaluation of pelvicalyceal system of the 
kidneys, ureters, and bladder.

PMT manifest as focal mass or thickening of the wall of the urinary tract. US 
may not detect PMT presenting with thickening of the pelvis or ureteral wall. 
However focal mass forming PMT can be visualized on US as hypoechoic mass 
replacing hyperechoic renal sinus fat (Fig. 1.5).

CTU is essential for evaluating PMT especially for detection of synchronous 
lesions in the entire urinary tract. Mean attenuation value of these tumors (30 HU) 
is different from water (mean HU, 0), blood clot (mean HU, 50–75), and calculi 
(mean HU >100) [42]. PMTs enhance mildly or moderately on arterial phase images 
and manifest with washout on delayed phase images on CT [43]. Renal pelvis 
tumors most frequently manifest as filling defect in the renal pelvis at excretory 
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phase images (Fig. 1.17). Superficial TCCs can be diagnosed based on the CT 
 features as focal or diffuse mural thickening, focally obstructed calyces, or sessile 
filling defects within the hyperdense pelvicalyceal system or ureters filled with 
iodinated contrast material. Renal collecting system may be expanded, and renal fat 
sinus may be compressed due to mass effect of the PMT. Renal parenchymal inva-
sion may be observed on aggressive and advanced stage of TCC that represents 15% 
of these tumors and can mimic renal parenchymal malignancies invading renal col-
lecting system [43]. Renal parenchymal invasion of PMT can be defined as obliter-
ated renal sinus fat plane between the mass and renal parenchyma on CT. TCC is 
more likely to be located centrally and expand the kidney centrifugally with less 
likely causing contour irregularities compared to RCC invading renal collecting 
system [44]. CT may play an important role in staging of PMT; however it cannot 
distinguish T1 tumor (limited to uroepithelium and lamina propria) from T2 tumor 
(tumor invading the muscularis propria) [22]. Early-stage PMT (T1 and T2) can be 
distinguished from advanced-stage tumors such as T3 (invading peripelvic fat or 
renal parenchyma) and T4 (invading adjacent organs or abdominal wall or extend-
ing perinephric fat) [22].

Metastases
Renal metastases usually manifest as bilateral and multifocal masses. If a solid renal 
mass is detected in a patient with extrarenal malignancy and metastases in other 
organs, probability of the diagnosis of renal metastasis is more likely [45]. However 
in the absence of other organ metastasis, a solid renal mass is less likely to be a 
metastasis even in the setting of primary extrarenal malignancy [46]. Renal metas-
tases frequently appear as more infiltrative and less vascular masses compared to 
clear cell RCCs in the renal parenchyma. Differentiation between primary renal 
malignancies and metastases is usually difficult according to imaging features on 
cross-sectional imaging which often necessitate biopsy of the mass in the setting of 
solitary solid renal mass in patients with extrarenal primary malignancy.

a b

Fig. 1.17 Transitional cell carcinoma of renal pelvis. Axial (a) and coronal (b) CTU excretory 
phase images of a 74-year-old male reveal filling defect at the inferior portion of the renal pelvis 
and calyces caused by solid mass (arrows)
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Lymphoma
Lymphoma should be kept in mind in the differential diagnosis of extraprimary 
solid renal tumors since lymphoma is the third most common tumor involving the 
kidney after lung and breast cancer [47]. Primary renal lymphoma is a rare condi-
tion. Secondary renal lymphoma occurs due to invasion of the kidney by retroperi-
toneal lymphomatous tissue or hematogenous spread from distant sources. Renal 
lymphoma may present with diffuse infiltrating type or focal masses in the renal 
parenchyma.

US demonstrates hypoechoic, infiltrative focal masses in the renal parenchyma. 
CT is more helpful in the diagnosis of renal lymphoma than US. Diffuse infiltrating 
renal lymphoma may appear with nephromegaly and heterogeneously enhanced 
renal parenchyma on contrast-enhanced CT. Focal renal masses show homogeneous 
and a lower degree of enhancement than renal parenchyma with a relatively little 
mass effect (Fig. 1.18). Infiltrative renal lymphoma which arises from retroperito-
neal lymphoid tissue presents with typical appearance that is characterized by infil-
tration of renal sinus without obstructing the renal collecting system and invasion of 
renal hilar vasculature. Renal contours are not usually deformed unless infiltrative 
lesion becomes enlarged and extended to perirenal fat tissue. Perirenal infiltration of 
lymphoma without parenchymal involvement is less common form of the disease.

Primary Renal Mesenchymal Tumors
Primary renal mesenchymal tumors are rare and include some imaging findings that 
can be helpful for diagnosis for these tumors. These tumors consist of leiomyosar-
coma, liposarcoma, fibrosarcoma, malignant fibrous histiocytoma, rhabdomyosar-
coma, osteosarcoma, chondrosarcoma, malignant peripheral nerve sheath tumor, 
synovial sarcoma, and angiosarcoma [41].

Fig. 1.18 Renal lymphoma. Axial contrast-enhanced CT demonstrates bilateral multiple focal 
renal parenchymal masses (arrows) suggesting lymphomatous involvement of the kidneys
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Renal sarcomas arise from the peripheral part of the kidney, mostly renal cap-
sule, and present as a peripherally extending, large, heterogeneous mass rather than 
parenchymal mass (Fig. 1.19). A smooth interface between sarcomas and renal 
parenchyma is usually visualized on CT or MRI. Necrosis with large area is more 
frequently encountered in sarcomas than RCC. Liposarcomas as one of the most 
frequently encountered mesenchymal tumors of the kidney should be differentiated 
from angiomyolipomas (AMLs) since both of these lesions contain large amount of 
fat tissue. Most characteristic differentiating imaging feature between these entities 
is the presence of renal parenchymal defect at the site of the AML’s origin. It may 
be difficult to define the parenchymal defect in large AMLs. In this setting, the pres-
ence of intratumoral hemorrhage, the smaller oversize of the lesion, and the pres-
ence of other AMLs in the renal parenchyma may be helpful in distinguishing AML 
from liposarcoma.

1.2.3  Staging of Renal Tumors

Staging of renal tumors is conducted through TNM system. Preoperative planning 
and prognosis of renal cancers are associated with accurate staging. In renal cancer 
staging, it is important to determine perirenal tumor extension. Although perirenal 
tumor spread does not affect the treatment plan, it is a prognostic factor. Perirenal 
stranding which may be suggested as an indicator of perirenal tumoral spread on CT 
and MRI is not a reliable finding since 50% of renal tumors confined in the renal 
capsule was reported to present with perirenal stranding [48]. A pseudocapsule that 
is composed of compressed renal parenchyma and fibrosis envelopes renal tumors. 
An intact pseudocapsule which can be well demonstrated on T2-W MR images as 

a b

Fig. 1.19 Perirenal sarcoma. Axial (a) and coronal (b) contrast-enhanced CT images demonstrate 
large soft tissue mass (arrows) arising from renal capsule and extending to the perirenal area
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hypointense linear structure may represent absence of perirenal tumor spread [49]. 
Involvement of renal capsule or Gerota fascia can be better evaluated by MRI than 
CT due to superiority of MRI in depicting perirenal fat invasion and fat planes with 
its high contrast resolution (Fig. 1.20) [50].

Staging of renal tumors should include interrogation of venous extension of the 
tumors. Since patients with renal malignancy may be prone to venous thromboem-
bolism, it is important to distinguish bland thrombus and tumoral thrombus in the 
setting of renal venous and/or IVC thrombosis. Bland thrombus of the venous sys-
tem presents with nonenhanced filling defect confined to venous vessel, while 
tumoral thrombus usually appears as contrast enhanced, vessel expanding, and usu-
ally upward projected into the IVC on CT or MRI. MR imaging has been assumed 
as more capable than CT in evaluation of vascular extension, differentiation of peri-
hilar lymph nodes from hilar vessels, and assessment of direct invasion of renal 
tumors to the adjacent tissues [21].

Renal cancers mostly metastasize to the lung, bone, brain, liver, and mediastinum 
[20]. Chest radiograph is the first step in the evaluation of lung metastases; however 
chest CT may be required in the presence of abnormal chest radiography findings.

Liver metastases can be detected on US examination. Solid or cystic lesions 
detected on US and suspected as metastatic lesions may be evaluated with CT or 
MRI. Renal cancer metastasis originated particularly from clear cell RCC manifest 
as hypervascular liver metastases.

1.2.4  Intervention in Renal Masses

The biopsy of renal masses is not usually required for management. Limited indica-
tions of renal mass biopsy include assessment of patients for percutaneous ablative 

Fig. 1.20 Perirenal invasion of renal cancer. Axial fat-suppressed contrast-enhanced T1-W image 
shows tumoral mass (arrows) arising from the left kidney and invading perirenal fat tissue 
(arrowheads)

M.R. Onur and M. Karçaaltıncaba



21

treatment, high suspicion of renal metastasis from other tumors or lymphomatous 
involvement, suspected nephroblastoma in a young adult, and non-negligible prob-
ability of a benign histology with imaging features suggesting oncocytoma or low- 
fat angiomyolipoma [21].

Thermal ablation techniques including radio frequency ablation (RF), cryoabla-
tion, microwaves, laser, and focused ultrasound ablation have become generally 
well-known treatment alternatives for renal tumors in surgically at-risk patients. 
Since nearly 50% of renal tumors are detected incidentally and these tumors are 
usually at small size without advanced-stage treatment, strategy of these tumors 
may involve radiologically guided thermal ablation techniques [51]. Percutaneous 
ablation of renal tumors can be performed under the guidance of US, CT, or 
MRI. Percutaneous route has the advantages of less pain, immediate verification of 
ablation efficiency, shorter period of hospitalization, and reduced overall cost [52]. 
Thermal ablation techniques are usually used percutaneously; however laparoscopic 
thermal ablation may also be used in anteriorly positioned renal tumors. A meta- 
analysis study revealed overall complication rates of laparoscopic and percutaneous 
radio frequency techniques as 7.4% and 3.1%, respectively [52].

US guidance in renal tumor ablation enables fast and accurate positioning of the 
applicators. However formation of hyperechoic gas bubbles after RF ablation and 
ice crystals after cryotherapy may prevent visualization of posttreatment changes at 
the tumor site [53]. CT is the best guidance method for percutaneous ablation of 
renal tumors for localizing the tumor, controlling the procedure, and diagnosing 
immediate complications.

RF ablation is effective in renal tumors less than 4 cm, while cryoablation and 
microwave ablation techniques can be used in larger tumors. Local recurrence-
free survival at 5 years after RF ablation was reported as 89–92% [54, 55]. Most 
recurrences after RF ablation occur during the first year [56]. Technical failure of 
this technique increases with size increase (>4 cm) and sinus extension of the 
tumor [57].

Cryotherapy is characterized by destruction of tumor cells using freeze/thaw 
cycles [53]. The freezing cycle produces ice crystals which cause denaturation of 
intracellular proteins, destruction of cell structures, and modification of cell mem-
brane function. This cycle permits inflow of water into the intracellular compart-
ment resulting in burst tumor cells. Cryoablation allows monitoring the ablation 
zone in real time which is important to visualize the tissue changes close to the 
adjacent sensitive organs. Central renal tumors are more available for cryotherapy 
as this technique does not damage the urothelium [53]. Cryotherapy has lower 
rates of reoperation (1.3%), tumor progression (5.2%), and frequency of metasta-
ses (1%) compared to RF with corresponding rates of 8.5%, 12.9%, and 2.5%, 
respectively [58].

In microwave ablation technique, larger tumors can be treated in less time with 
uniform cell death in the ablation zone since ablation is not limited by desiccation, 
carbonization, or thermal convection [59].

Complications of renal tumor ablation consist of bleeding (0–30%), pneumotho-
rax (1–2%), pain (4.5%), thermal injuries of the digestive tract (0–1%) and urinary 
tract (less than 4%), infection (0–2%), and tumor dissemination [53].
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Follow-up of patients with renal tumor ablation should be performed 2, 6, and 
12 months after ablation with US, CT, or MRI in the first year, and annual follow-up 
is required in the following 5 years [53]. Necrotic and hemorrhagic changes in abla-
tion zone may mimic recurrence with increased signal intensity on T1-W MR 
images. In the setting of this circumstance, subtraction MR images can reveal true 
unenhanced or enhanced area in the ablation zone.

1.3  Bladder Cancer

1.3.1  General Information

Bladder cancer is the sixth most commonly diagnosed malignancy in the United 
States [60]. Main purpose of imaging in bladder cancer is optimized pretreatment 
staging for guiding appropriate treatment. Staging of bladder cancer should include 
assessment of bladder wall involvement and local, regional, nodal, or distant vis-
ceral spread of the tumor. Bladder cancers most frequently manifest as non-muscle- 
invasive bladder cancer (NMIBC). As this form of bladder cancer has tendency to 
recur, close surveillance with imaging techniques is necessary. One quarter of 
patients with bladder cancer present as muscle-invasive bladder cancer (MIBC) 
[60]. Since radical cystectomy is required in the treatment of MIBC, local/regional 
extravesical tumor invasion and distant metastasis should be interrogated with CT 
or MRI.

Transitional cell carcinomas (TCCs) are the most frequently encountered blad-
der cancer. TCCs can be seen as papillary masses protruding to the bladder lumen 
or infiltrating mass causing focal or diffuse thickening of the bladder wall. 
Calcification rarely occurs in TCC. Squamous cell carcinomas are characterized by 
mass-like, aggressive, frequently calcified tumors often associated with chronic 
bladder wall inflammation or schistosomiasis. Adenocarcinomas mostly occur in 
patients with bladder exstrophy and urachal remnants usually localized in anterior 
and superior aspect of the bladder [61].

1.3.2  Imaging Features

1.3.2.1  Ultrasonography
Adequate distention of the bladder is essential for sonographic assessment of 
patients with suspicion of bladder cancer. Bladder cancers present as hypo- or 
isoechoic polypoid solid lesions protruding into the bladder lumen or sessile asym-
metric thickening of bladder wall. CDUS usually demonstrates blood flow within 
the bladder cancer (Fig. 1.21). US has a sensitivity of 61–84% for polypoid bladder 
cancer larger than 5 mm [62]. Small polypoid tumors (<5 mm) can be easily missed 
on US. Hematomas can be differentiated from bladder tumors by visualizing mobil-
ity of hematomas with patient movement, absence of blood flow on CDUS, and 
fragmentation of solid-appearing mass by applying pressure by US transducer. US 
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can reveal the number, size, and appearance (sessile or pedicled) of bladder cancer 
and their topography relative to the prostatic urethra and to the ureteral meatus [63]. 
US can be more helpful in bladder cancer localized in a bladder diverticulum where 
cystoscopy may be insufficient for evaluation [64]. Three-dimensional (3D) virtual 
sonography combined with 2D sonography has a sensitivity of 96.4%, specificity of 
88.8%, a positive predictive value (PPV) of 97.6%, and a negative predictive value 
(NPV) of 84.2% for detection of bladder cancer [65]. CEUS has higher sensitivity 
(88.5%) and specificity (88.9%) values for detection of bladder cancer compared to 
grayscale US [66].

1.3.2.2  Computed Tomography
CT is one of the most frequently used imaging techniques in detection, staging, and 
surveillance of the bladder cancer. American College of Radiology (ACR) appropri-
ateness criteria refer CTU as the best initial imaging examination technique for the 
evaluation of hematuria [67]. CTU series generally include precontrast images and 
enhanced images at nephrographic phase and excretory phase. 3D reformatted 
images of the excretory phase of CTU demonstrate the entire urinary tract by delin-
eating the tract with iodinated contrast agent. In order to reduce radiation dose dur-
ing CTU, some institutions use split-bolus technique that refers to acquisition of 
nephrographic phase images and excretory phase images at same scanning time to 
demonstrate contrast-enhanced renal parenchyma and contrast agent-filled renal 
collecting system, ureters, and bladder in the same image series. This technique 
reduces the radiation dose of CTU; however contrast resolution of images may be 
diminished secondary to dilution of contrast agent in the urinary tract. Split-bolus 
technique reduces radiation dose and is comparable to that of intravenous urography 
(IVU) [65].

Stage T1 bladder cancers appear as pedunculated polypoid lesions or asymmet-
ric thickening of the bladder wall on CT (Fig. 1.22). T2 tumors usually present as 
sessile lesions (Fig. 1.23). MDCT including excretory phase has 96% sensitivity 
and 99% specificity for detection of polypoid bladder cancers between 5 and 10 mm, 

a b

Fig. 1.21 Bladder cancer. (a) Grayscale US demonstrates solid papillary echogenic mass (arrow) 
arising from posterior wall of the bladder and protruding to the bladder lumen. (b) Power Doppler 
US reveals blood flow signal within the mass
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89% sensitivity for polypoid lesions smaller than 5 mm, and 40% sensitivity for 
polypoid lesions smaller than 3 mm [68]. The specificity and NPV of CTU for 
detection of bladder cancer are higher in patients with hematuria than in patients 
without hematuria [69].

It should be kept in mind that the diagnostic efficiency of CT for detection of 
bladder cancer may be decreased when CT examination is performed shortly after 
bladder interventions such as biopsy or transurethral resection of the bladder 
(TURB). A study which compared the frequency of concordance between CT 
findings and histologic examinations showed that CT examinations performed 
7 days after the bladder intervention were more in concordance with the histo-
pathological results than CT examinations performed in the following 7 days after 
TURB [70].

CTU is frequently used in NMIBC patients to demonstrate involvement of upper 
urinary tract. CTU overweighs MRI in the evaluation of tumoral involvement in 
upper urinary tract owing to its higher spatial resolution [64]. Occult intramural or 
transmural extension of tumor and measurable pelvic lymphadenopathy suggestive 
of local spread of bladder cancer can be diagnosed with CT. Perivesical fat 

a b
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Fig. 1.22 Bladder cancer on CTU. (a) Axial precontrast CT image reveals thickening of anterior 
bladder wall with mild hyperdense appearance (arrows). (b) Axial contrast-enhanced CT image at 
venous phase demonstrates enhancement of the irregularly thickened anterior bladder wall 
(arrows). (c) Axial (d) coronal and (e) sagittal contrast-enhanced CT images at excretory phase 
reveal irregular filling defect in the anterior and inferior bladder wall (arrows) representing bladder 
cancer
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Fig. 1.23 Muscle-invasive 
bladder cancer on 
CTU. Axial (a) and 
coronal (b) contrast-
enhanced CT images at 
venous phase reveal 
enhancing sessile mass 
(arrow) at the right bladder 
wall. (c) CTU image at 
excretory phase reveals 
filling defect (arrow) in the 
right bladder wall
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infiltration can be detected on CT with 89% sensitivity and 95% specificity values 
[68, 70]. Bladder tumors arising in the bladder diverticulum should be rigorously 
assessed in terms of perivesical fat invasion since muscularis mucosa layer is absent 
in the bladder diverticula (Fig. 1.24). Infiltration of prostate and seminal vesicles by 
bladder cancer can be detected on CT only when these organs were massively infil-
trated. CT is helpful to assess possible invasion of digestive tract such as sigmoid 
colon or loops of the small intestine [68]. Distant metastasis including peritoneal 
carcinomatosis can also be detected with CT [71]. Multiplanar imaging capability 
of CT with thin slices provides 3D visualization of the entire urinary tract resem-
bling IVU images. These 3D images may be easy to evaluate the urinary tract; 
however abnormalities visualized in 3D reconstructed images should be confirmed 
on axial images. In one study, 21 of 27 upper urinary tract neoplasms were missed 
using the 3D reconstructed images alone [72].

For monitoring NIMBC, CT urography is recommended every 2 years; however 
CT urography can be performed in the presence of positive cytology or any symp-
tom indicating upper urinary tract involvement [68]. In monitoring patients with 
MIBC, CT urography should be performed every 6 months for 2 years after radical 
cystectomy followed by annual CT scanning [73].

Patients with impaired renal function are more susceptible to renal failure due to 
iodinated contrast agent nephrotoxicity which limits the use of CTU. Pelvic pros-
theses cause artifacts that prevent optimal assessment of bladder cancers especially 
localized at bladder base. Bladder cancers adjacent to prostate may be difficult to 
assess by CT since these lesions may be mistakenly defined as normal prostate or 
prostatic lesion protruding to the bladder lumen [74].

Fig. 1.24 Bladder cancer in diverticulum. Axial contrast-enhanced CT image demonstrates solid 
enhancing mass (arrow) arising from superior wall of the bladder diverticula (asterisk, bladder)
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1.3.2.3  Magnetic Resonance Imaging
MRI technique in bladder cancer evaluation should include T2-weighted spin-echo 
sequences in at least three orthogonal and/or oblique planes, T1-weighted spin-echo 
axial sequence, fat-saturated T1-weighted axial sequence, and DWI and DCE-MRI 
sequences [63]. The use of endorectal coil may be more helpful to evaluate bladder 
cancers at the base, trigone, or posterior wall of the bladder [75]. Bladder cancers 
localized at the dome of the bladder can be interpreted better on sagittal and coronal 
planes. Lateral wall tumors are best evaluated on axial and coronal plane images. 
T2-W oblique sequences should be obtained perpendicular to the wall of the tumor 
to reduce partial volume effect that may cause false positivity in perivesical tumoral 
fat infiltration. Fat-saturated T1-weighted images are helpful to depict contours of 
the bladder [63].

Bladder cancers present with intermediate signal intensity similar to bladder wall 
muscle, hyperintense than urine and hypointense relative to perivesical fat on T1-W 
images. High signal intensity of perivesical fat on T1-W images diminishes in the 
presence of perivesical tumoral infiltration. On T2-weighted images, signal inten-
sity of bladder cancers is lower than the signal from the urine and perivesical fat and 
higher than the wall (Fig. 1.25). A pedicle accompanies 75% of polypoid tumors 
[65]. This pedicle appears as a linear structure with poorly defined contours with 
lower signal intensity than that of the tumor on T2-W images. Contrast enhance-
ment of tumor pedicle occurs later than tumor due to its fibrotic nature. Preservation 
of low signal intensity of the bladder wall indicates absence of muscle invasion by 
the tumor. MIBCs present with interruption of the hypointense bladder wall in 
tumor site on T2-W images (Fig. 1.26).

Contrast-enhanced T1-W images of MRI are helpful for detection and delinea-
tion contours of bladder cancers in order to determine perivesical infiltration. 
Bladder cancers are known as hypervascular tumors characterized by early enhance-
ment compared to bladder wall. Contrast-enhanced images obtained at 15–25 s after 
IV gadolinium injection are more helpful in distinguishing bladder cancer from 
bladder wall. After that phase, uninvolved bladder wall becomes enhanced more 
than tumors. Missing early phase images of MRI due to technical reasons may 
result in underdiagnosis of especially small bladder cancers. Contrast-enhanced 
MRI may be misleading and cause false-positive results secondary to nodular or 
sessile contrast-enhanced lesions in the bladder wall mimicking bladder cancers in 
the following situations: inflammatory peritumoral neovascularization, post-biopsy, 
post-endovesical instillation, and post-radiotherapy fibrosis [65].

Contrast-enhanced dynamic MR images can differentiate T1 stage tumors from 
higher-stage tumors with 75–92% accuracy [76]. MRI examinations performed 
with endorectal coil can better delineate submucosal layer of the bladder wall, 
which may be helpful to differentiate T1 tumors from T2 tumors. The sensitivity 
and specificity values of MRI in distinguishing T2 stage or below from a T3 stage 
or higher were reported as 86% and 84%, respectively [77]. Invasion of bladder 
tumors to the adjacent organs such as the vagina, prostate, seminal vesicles, and 
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rectum can be best identified by MRI (Fig. 1.27). Axial and sagittal T2-W and 
contrast- enhanced MR images are more helpful to detect vaginal invasion.

DWI is used as a complementary imaging technique in evaluation of bladder can-
cers with MRI. This technique depicts molecular diffusion of water molecules in 
biological tissues. Restricted diffusion of water molecules causes increased signal 

a

b

c

Fig. 1.25 Bladder cancer on MRI. (a) Axial fat-suppressed T1-W image reveals multifocal pol-
ypoid solid masses (arrowheads) arising from bladder wall with intermediate signal intensity. (b) 
Axial T2-W image reveals hypointense solid bladder wall masses (arrowheads) protruding to the 
hyperintense bladder lumen. (c) Axial fat-suppressed contrast-enhanced T1-W image reveals 
enhancement of tumors (arrowheads)
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intensity on DW images and decreased ADC values on ADC maps. Bladder cancers 
have hyperintense appearance on DW images and low ADC values. The sensitivity, 
specificity, PPV, NPV, and accuracy values of DWI for detection of bladder cancer 
were reported as 98.1%, 92.3%, 100%, 92.3%, and 97%, respectively [78]. ADC 
value as a quantitative parameter representing water diffusivity is lower in bladder 
cancers compared to normal bladder wall and benign bladder lesions [79]. ADC 
values decrease with increasing stage and grade of the bladder cancers [79]. It has 
been shown that ADC values may be used to differentiate stage I or below tumors 
from stage II or higher tumors [80]. Grade 3 bladder cancers were shown to manifest 
with significantly lower ADC values than grade 1 or grade 2 bladder cancers [80].

Invasion of the bladder cancer to the pelvic walls and pelvic floor, seminal ves-
icles, and prostate is crucial for treatment planning. MRI is a more reliable tech-
nique than CT for detection of peritumoral spread of bladder cancers due to its high 
contrast resolution and its ability to obtain tumor-oriented oblique images which 
can be adapted to morphology and extension of the tumors. Bladder cancers local-
ized in the dome or the base of the bladder can be assessed better with MRI than 
CT. Invasion of the pelvic wall is best evaluated by T2-W images and contrast-
enhanced MR images. Seminal vesicle invasion by bladder cancer causes replace-
ment of the hyperintense fat tissue with hypointense tumoral involvement on T1-W 
images. Tumoral invasion of the seminal vesicles causes disappearance of high 
signal intensity of seminal vesicles on T2-weighted images. It should be kept in 
mind that low T2 signal intensity in seminal vesicles may also be seen in elderly 
patients, severe alcoholism, a history of infection, local radiotherapy, or amyloido-
sis of the seminal vesicles. Invasion of the prostate by bladder cancer should be 

Fig. 1.26 Muscle-invasive bladder cancer on MRI. Axial T2-W image shows diffuse wall thickening 
(arrows) of the bladder wall representing bladder cancer. Interruption of the T2-W hypointense signal 
on the right posterolateral wall of the bladder (arrowhead) represents muscle invasion of the tumor
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assessed on T2-W images. Interruption of the delineating contour between prostate 
and bladder and presence of a mass with similar signal intensity to the bladder 
cancer in the prostate parenchyma are signs of prostate invasion. Invasion of vagi-
nal fornix, cervix, and uterine body should be interrogated with sagittal T2-W 
images. Pelvic muscles are thought to be involved in bladder cancer when signal 
intensity of the pelvic muscles resembles bladder cancer signal intensity on T1-W 
and T2-W images [63].

Imaging limited to the bladder is not sufficient in overall evaluation of bladder 
cancer. Upper urinary tract system evaluation is mandatory to demonstrate synchro-
nous and metachronous urothelial tumors. MR urography (MRU) can be used with 
or without IV contrast injection to evaluate the upper urinary tract system. MRU is 

a b
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Fig. 1.27 Bladder cancer invasion into prostate. (a) CTU image demonstrates asymmetric 
tumoral wall thickening (arrows) of the left lateral and posteroinferior wall of the bladder. Axial 
(b) and coronal (c) T2-W images confirm the presence of bladder cancer with hypointense appear-
ance (arrows) invading the inferior bladder wall. (d) Axial T2-W image at the prostate level reveals 
the invasion of the tumor to the left prostate gland resulting in hypointense appearance of left 
prostate gland (arrow) compared to the right gland
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performed as a heavily T2-W image series on axial and coronal planes. Intravenous 
diuretic may be used to potentiate the dilatation of ureters and renal collecting sys-
tem in order to demonstrate small and subtle synchronous and metachronous lesions 
(Fig. 1.28). MRU should be performed with 3D acquisition, and maximum intensity 
projection (MIP) images should be provided to assess the entire urinary tract.

1.3.3  Staging

T staging of bladder cancer refers to the depth of bladder wall invasion by the tumor 
which can be best depicted with MRI, since CT cannot demonstrate individual lay-
ers of the bladder wall. US is not a reliable technique in revealing the extent of inva-
sion of the bladder wall and extravesical extension, but endoluminal or intravesical 
US introduced by a rigid cystoscope may demonstrate tumoral wall invasion 
although this technique is not widely used [61].

CT was reported to have an accuracy of 40–92% in staging of bladder cancer [81, 
82]. In addition to the inaccuracy of T staging, microscopic or small volume of 
extravesical extension cannot be accurately depicted by CT [83]. Irregular interface 
between the bladder cancer and perivesical fat or tumoral overgrowth beyond the 
outer margin of the bladder wall indicates perivesical tumoral extension on CT [61]. 

a b

Fig. 1.28 MR urography. (a) MR urography of a patient without urinary tract malignancy shows 
entire urinary tract with high signal intensity. (b) MR urography of a patient with multifocal blad-
der cancer demonstrates multiple hypointense papillary-type bladder masses (arrows) protruding 
to the hyperintense bladder lumen
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CT cannot distinguish T2a from T2b disease; however T3a tumors can be differenti-
ated from T3b or higher-stage tumors [84] (Fig 1.29).

MRI is better than CT in detection of small tumors (<10 mm) and staging of 
superficial tumors [85]. Superficial (≤T1) and muscle-invasive (≥T2) bladder 
tumors can be differentiated with the accuracy values ranged from 75% to 92% 
with DCE-MRI [86, 87] (Fig. 1.30). DWI has accuracy values of 63.6%, 75.7%, 
93.7%, and 87.5% for accurate staging of T1, T2, T3, and T4 bladder cancer, 
respectively [81].

1.3.3.1  Lymph Node Metastasis
Lymph node metastasis of bladder cancers can be evaluated with CT or 
MRI. Measurement of shortest axis of lymph node is commonly used for deter-
mining abnormality in the lymph nodes. A shortest diameter of 8 mm for pelvic 
lymph nodes and 1 cm for abdominal lymph nodes is assumed to be abnormal. 
However it is well known that lymph nodes may become enlarged in benign pro-
cesses, mostly resulting from inflammatory causes. This mismatch necessitates 
assessment of morphological changes in the lymph nodes. Presence of necrosis in 
the lymph node which can be detected in lymph nodes larger than 2 cm, increased 
density around the involved lymph node secondary to tumoral infiltration and 
extracapsular spread are reliable imaging features to suggest malignant infiltra-
tion in the lymph nodes [63]. The accuracy values of CT and MRI for detection of 
lymph node metastasis are reported as 70–90% and 64–92%, respectively 
(Fig. 1.31) [88]. It is important to know that preoperative imaging by CT may 
result in false-negative rates of 25% [61]. DWI may also be used in detection of 
lymph nodes.

1.3.3.2  Metastasis Staging
Bladder cancers most frequently metastasize to the lungs, bone, liver, and brain 
[83]. Lung metastasis can be assessed by chest radiography in patients without high 
risk for metastasis. Chest CT is the choice of imaging for lung metastasis for high- 
risk patients.

a b

Fig. 1.29 CT in T staging of bladder cancer. (a) Axial contrast-enhanced CT image demonstrates 
an enhancing solid mass (arrow) arising from left bladder wall. There is no sign indicating peri-
vesical tumor extension. (b) Axial CTU image shows bladder cancer at left posterolateral wall of 
the bladder with perivesical infiltration (arrow)
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MRI is more sensitive than bone scintigraphy for detection of bone metastasis. 
Routine evaluation of bone metastasis is not recommended in bladder cancer unless 
high suspicion exists.

1.3.4  Monitoring After Treatment

Follow-up imaging in bladder cancer is critical in management of patients, since up 
to 70% of patients with bladder cancer experience recurrence after treatment. 

a

b

Fig. 1.30 Bladder cancer T staging with MRI. Axial (a) and sagittal (b) T2-W MR images show 
muscle-invasive hypointense bladder cancer in the right bladder wall (arrows) with perivesical 
invasion

1 Radiological Imaging in Urological Cancers



34

Follow-up imaging of bladder cancers to detect recurrence should be performed 
with MRI. Contrast-enhanced T1-W and DW images are most helpful to depict 
tumoral masses which may present as a pelvic mass after radical cystectomy or 
lymph node involvement [63].

NMIBC do not necessitate periodic imaging surveillance of upper urinary tract 
except for those with a high risk of recurrence [89, 90]. Follow-up imaging of 
patients who underwent radical cystectomy depends on the pathologic stage of the 
tumor after cystectomy. Patients with advanced disease undergo routine CTU or 
MRI within the first 2 to 3 years to depict local or distant recurrence [91]. Routine 
surveillance of upper urinary tract with CTU is recommended in patients with 
muscle- invasive cancer [91, 92].

1.4  Prostate Cancer

1.4.1  General Information

Prostate cancer imaging improved tremendously with the advances in US and 
MRI. Imaging techniques aim to demonstrate size, location, and extension of the 
primary prostate cancer [93]. Implementation of new techniques enabled radiolo-
gists to detect prostate cancer foci in the prostate gland as well as to provide a pre-
cise map of the position of the tumor foci and post-therapeutic recurrences, which 
may decrease the need for random prostate biopsies in the evaluation of prostate 
cancer. US evaluation of prostate cancer has been increasingly used with implemen-
tation of elastography technique. Importance of MRI in prostate cancer has been 
increasing after the implementation of multiparametric MRI that include dynamic 
sequences, DWI, and T2-W images. Main standpoints in imaging of prostate cancer 
are standardization of MRI technique, interpretation, and reporting, which is the 
goal of recently introduced PI-RADS version 2 [94].

a b

Fig. 1.31 Lymph node metastasis in bladder cancer. (a) Axial T2-W image demonstrates diffuse 
wall thickening (arrow) mostly prominent in right lateral wall secondary to bladder cancer. (b) 
Axial T2-W image at iliac vessel level shows left iliac lymphadenopathy (arrow) with intermediate 
signal intensity suggesting lymph node metastasis
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1.4.2  Imaging Features

1.4.2.1  Ultrasonography
Main role of US in prostate cancer imaging is to detect malignancy in prostate 
parenchyma and to guide prostate cancer biopsy. The use of wide-angle transrectal 
probe enables physicians to visualize normal prostate gland and abnormal areas and 
to define suspicious areas for malignancy. Prostate cancer usually presents as a 
hypoechoic mass in the peripheral zone of the prostate gland on grayscale transrec-
tal US (TRUS) (Fig. 1.32). Color-flow Doppler US can demonstrate increased vas-
cularity in tumor region. US can detect 60% of prostate cancers. Specificity of US 
for detection of prostate cancer is low since only 50% of hypoechoic lesions in 
prostate gland represent prostate cancer and inflammatory and infectious processes 
cause increased vascularity in prostate gland mimicking prostate cancer [95, 96].

Ultrasonography in prostate cancer is mainly used for guiding interventional 
procedures. Main concerns of TRUS-guided 12-core systematic biopsy technique 
include poor lesion visualization secondary to low spatial resolution, undersam-
pling of small volume, difficulty of sampling from transitional zone and anteriorly 
located tumors, and high detection rates of small clinically insignificant prostate 
cancer that may result in overtreatment [97, 98]. These pitfalls lead to decreased 
true positive result as 25–30% of TRUS-guided biopsy in detecting prostate cancer 
[99]. New US techniques adapted to US-guided prostate biopsy including elastog-
raphy, contrast-enhanced US (CEUS), and mp-MRI TRUS fusion biopsy improved 
diagnostic performance of TRUS-guided biopsy [100].

Elastography is an emerging US technology that measures stiffness of tissues. 
US elastography can be performed with two methods as strain elastography (SE) 
and shear wave elastography (SWE). Strain elastography is a semiquantitative US 
elastography technique that depicts compression and decompression of tissues in 
response to mechanical force applied by US probe. Stiffer lesions displace less than 

Fig. 1.32 Prostate cancer. TRUS image of a 66-year-old male demonstrates a hypoechoic area 
(arrow) in the peripheral prostate gland which was proved to be prostate cancer after biopsy
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soft tissues, and this difference can be displayed on US monitor as color-coded 
images. Ratio of displacements of different areas pointed out by region of interest 
(ROI) can be automatically calculated on US elastography, and these ratios which 
are called as strain index values can be used to detect prostate cancer and differenti-
ate prostate cancer from prostate gland and benign prostate lesions. The PPV and 
NPV of SE for detection of prostate cancer range between 57% and 87% and 72% 
and 87%, respectively [101].

SWE differs from SE with capability of providing shear wave velocity values of 
biological tissues. SWE measures the velocity of shear waves propagated from tis-
sues that are exposed to acoustic waves by US probe. Stiffer tissues produce faster 
shear waves than soft tissues which may be used to differentiate benign and malig-
nant lesions. SWE using TRUS biopsy was reported to have a sensitivity of 96% and 
NPV of 99% for detection of prostate cancer lesions 0.3 cm or larger [102]. SWE 
using TRUS-guided biopsy can decrease the biopsy rate by 53% [101].

Contrast-enhanced US can be performed with injection of microbubbles as an 
intravascular contrast agent. CEUS enables real-time visualization of microvessel 
density of prostate lesions and determine the most vascularized lesions in the setting 
of multinodular prostate gland resulting in improved PPV of TRUS biopsy. Since 
microvessel density of prostate lesions correlates with Gleason score of prostate 
carcinoma, CEUS can be used to detect lesions more accurately than color-flow 
Doppler or power Doppler US [103]. Sensitivity, specificity, and NPV of CEUS in 
prostate cancer were reported as 70%, 74%, and 72%, respectively. These values are 
higher than grayscale and CDUS which have sensitivity values as 39% and 41%, 
respectively [103]. A suspicious lesion in the prostate gland is 3.5 times and is more 
likely to be malignant when identified by CEUS [104].

Mp-MRI-fused TRUS biopsy is a novel technique that is characterized by com-
bining Mp-MRI images and TRUS images to perform TRUS-guided biopsies. In 
this technique TRUS and mp-MR images can be fused cognitively or by software. 
Cognitive fusion refers to fusion of mp-MRI images and TRUS images cognitively 
by TRUS operator. After assessment of mp-MRI images and determination of sus-
picious area on MRI, TRUS operator mentally fuses suspicious areas on MRI with 
real-time US images during biopsy. Performing biopsy with mp-MRI has been 
shown to increase the accuracy of TRUS-guided prostate biopsy [99]. Second fusion 
technique is software-based fusion of mp-MRI images obtained before biopsy with 
real-time TRUS images obtained during biopsy.

Suspicious areas on mp-MRI can be superimposed to real-time TRUS images to 
guide biopsy [105]. Misregistration of images on the same level can occur due to 
patient motion and deformation of prostate tissue during transrectal probe scanning 
[99]. Thirty percent of high-risk cancers missed on standard extended sextant biopsy 
were detected by following mp-MRI TRUS fusion biopsy [106]. This procedure 
reduces sampling errors and detects 30% more high-risk prostate cancer (GS ≥4 + 3 
and up) and 17% fewer lower risk (GS ≤3 + 4 and up) [106].

Mp-MRI TRUS fusion biopsies are especially helpful in the diagnosis of prostate 
cancers which are missed on standard TRUS-guided biopsies (Fig. 1.33). These 
prostate cancers are usually localized in the anterior zone of the prostate [107].
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Fig. 1.33 A 57-year-old 
man presented with rising 
PSA with negative 12-core 
TRUS-guided biopsy 
2 years ago. Mp-MRI 
including ADC map (a), 
DWI (b), and axial 
contrast-enhanced T1-W 
image at arterial phase (c) 
images showed 5 mm 
PI-RADS lesion (arrows) 
in right posteromedial 
mid-peripheral gland. 
Cognitive MRI fusion and 
TRUS-guided biopsy result 
was Gleason 3 + 4 tumor
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1.4.2.2  Computed Tomography
CT cannot be used in evaluation of tumoral lesions confined to the prostatic capsule 
due to its low contrast resolution. Involvement of lymph nodes and distant metasta-
sis can be assessed with CT in prostate cancer (Fig. 1.34). CT evaluation of patients 
with suspected prostate cancer should include the prostate dimensions, presence of 
intravesical prostatic protrusion and the length of protrusion, any asymmetry in 
prostate contour, and presence of pelvic and para-aortic lymphadenopathy with size 
measurements [93]. Sensitivity and specificity of CT for detection of lymph node 
metastasis are 42% and 82%, respectively [108]. Recurrence after prostatectomy 
cannot be reliably detected with CT due to low sensitivity (36%) of technique [109]. 
CT can detect recurrent tumors larger than 2 cm [109].

1.4.2.3  Magnetic Resonance Imaging
MRI is a safe and well-tolerated imaging technique, which is being increasingly 
used in the detection of prostate cancer. Diagnosis, preoperative evaluation, and 
planning of treatment can be conducted with MRI. MRI of prostate cancer includes 
anatomic and functional imaging sequences. Cancer foci in the gland can be identi-
fied, and aggressive tumor foci can be distinguished from less significant foci to 
guide diagnosis and targeted treatment of cancer. MRI can overcome shortcomings 
of blinded transrectal biopsies that has low sensitivity in special areas of prostate 
such as base and the extreme apex, the anterior compartment, and periurethral area 
[110]. Mp-MRI has a sensitivity of 86%, specificity of 94%, and NPV of 95% for 
detection of significant size prostate cancer (>0.5 cm3) (Fig. 1.35) [111–114]. 
Mp-MRI not only detects and characterizes the cancerous lesions but also depicts 
recurrences of prostate cancer.

MRI can diagnose prostate cancer foci that are invisible on US and allow optimal 
biopsy sites. After biopsy MRI can confirm the presence or absence of a significant 
lesion in the setting of detected microfoci in TRUS-guided biopsy which can alter 
the management of the patient ranging between active surveillance and surgery. 

Fig. 1.34 Lymph node metastasis from prostate cancer. Axial contrast-enhanced CT image of a 
67-year-old male with prostate cancer demonstrates enlarged right parailiac lymph nodes (arrow) 
secondary to metastasis
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Fig. 1.35 Prostate cancer on MRI. (a) Axial T2-W image of a 74-year-old male demonstrates 
hypointense cancer area (arrow) in the left posterior peripheral zone. (b) ADC map shows signal 
loss (arrow) in the cancer region. (c) DCE-MRI at early phase reveals avid enhancement (arrow) 
of the lesion
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Intraprostatic extension of the tumor can be depicted by MRI which is important for 
the planning of surgery or focused treatment. Staging of prostate cancer can be 
accurately performed by revealing extension of tumor to seminal vesicles and other 
extracapsular areas. MRI should be performed at least 6 weeks after biopsy to 
reduce artifacts from hemorrhage after biopsy [107]. However it was reported that 
the detection of clinically significant cancers is not likely to be compromised by 
post-biopsy hemorrhage which makes unnecessary to delay the MRI [115].

Prostate cancer MRI can be performed with 1.5 Tesla (T) MRI using endorectal 
coil or 3 T with or without endorectal coil. Endorectal coil along with a pelvic 
phased-array coil is recommended in 1.5 T MR scanners due to high sensitivity of 
endorectal coil for detecting prostate cancer and to improve staging by precise visu-
alization of surrounding pelvic tissue, extraprostatic extension, and seminal vesicle 
invasion [116]. Higher magnet strength (3 T) can eliminate the need for endorectal 
coil with sufficient resolution and increased signal-to-noise ratio [117].

Anatomic imaging sequences of MRI in prostate cancer include multiplanar 
images of T1-W and T2-W sequences. Mp-MRI sequences consist of dynamic 
contrast- enhanced images, DWI, and T2-weighted images. T1-W images are help-
ful to recognize post-biopsy hemorrhage and metastases to the lymph nodes and 
pelvic bones. Prostate cancers manifest on T2-W images as low signal focal or dif-
fuse lesions mostly in the peripheral zone of prostate gland. However specificity of 
low signal appearance of prostate cancer is low, since prostatic intraepithelial neo-
plasia, prostatitis, biopsy-related hemorrhage, changes from hormone therapy, and 
postradiation fibrosis may also present as low attenuated lesions (Fig. 1.36) [108]. 
Transitional zone tumors present with the appearance of non-circumscribed, mod-
erately hypointense lesions resembling erased charcoal or smudgy fingerprint 
appearance on T2-W images (Fig. 1.37) [115]. T2-W images can also demonstrate 
prostatic capsule invasion and extraprostatic extension of tumor on axial images 

Fig. 1.36 Prostatitis mimicking prostate cancer. Axial T2-W MR image reveals diffuse hypoin-
tense appearance of peripheral prostate gland (arrows) mimicking malignancy
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Fig. 1.37 Prostate cancer in transitional zone. (a) T2-W image reveals a hypointense mass 
(arrows) in mid-transitional zone of prostate. (b) DWI of prostate shows increased signal intensity 
of the mass (arrow) suggesting malignancy

(Fig. 1.38). Seminal vesicle invasion manifests with loss of high signal intensity of 
the seminal vesicles with contour abnormalities on T2-W images. Recurrent pros-
tate cancers present as a soft tissue mass with intermediate signal intensity in the 
low signal fibrotic prostatectomy area.

DWI is one of the main imaging sequences of mp-MRI of the prostate. It is 
important to obtain DWI at high diffusion gradients represented by high b values (b, 
1500) since DWI at low b values has limited accuracy for detection of prostate can-
cer. Prostate cancer presents with increased signal intensity on DW images and low 

Fig. 1.38 Prostate cancer with capsule invasion. Axial T2-W image demonstrates hypointense 
mass in left posterolateral peripheral prostate gland. Interruption of prostate capsule in tumoral 
region suggests capsule invasion (arrow). Histopathology confirmed invasion of capsule by the 
tumor
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signal intensity on ADC maps. Prostate cancer can also be assessed quantitatively 
by ADC map which yields lower ADC values in prostate cancer compared to nor-
mal parenchyma. There is also inverse correlation between ADC values and Gleason 
scores [118]. The sensitivity and specificity values of DWI in detection of prostate 
cancer in a meta-analysis were 76% and 86%, respectively [119]. The sensitivity of 
MRI increases from 67–74% to 78–88%, and specificity increases from 77–79% to 
88–89% when the DWI is added to T2-W imaging alone [120]. Main limitations of 
DWI are reduced anatomic detail compared to T2W images, spatial distortion, and 
signal loss due to magnetic susceptibility effects.

Dynamic contrast-enhanced imaging (DCE) is a functional sequence with a fast 
temporal resolution (less than 10 s) obtained by T1-W gradient-echo sequence [99]. 
DCE-MRI is based on tumor angiogenesis that is characterized by vessel formation 
and increased permeability [121]. Tumors comprise greater interstitial space com-
pared to normal tissues which make tumors more susceptible to contrast accumula-
tion. Contrast enhancement parameters including mean transit time (MTT), blood 
flow, permeability of the surface area, and interstitial volume are greater in tumors 
than normal parenchymal organs. Dynamic series of contrast-enhanced images of 
the prostate can reveal hypervascular prostate cancers more precisely than static 
contrast-enhanced images [122]. Prostate cancers manifest with early enhanced 
lesions on DCE-MRI. Relative peak enhancement and wash-in rate were shown to 
be most useful parameters in detection of prostate cancer in the peripheral zone 
[123]. The presence of postcontrast early arterial enhancement can upgrade 
PI-RADS 3 lesion to PI-RADS 4 category [124]. Transitional zone is more suscep-
tible to overlap between normal and cancerous tissues of perfusion parameters 
[124]. DCE-MRI is especially useful in detecting tumors located in anterior fibro-
muscular stroma and apex and recurrent prostate cancer, which may be difficult to 
detect on T2-W images (Fig. 1.39). Improvement in the detection of extracapsular 
extension and seminal vesicle invasion can be done with DCE-MRI [125].

MR spectroscopic imaging is a three-dimensional chemical shift imaging tech-
nique which assesses the relative concentration of different chemical compounds in 
tissues. The healthy prostate gland includes a high level of citrate and polyamines 
[124]. Prostate cancer manifests with decreased citrate and polyamine and increased 
choline levels [126]. High choline plus creatine to citrate (CC/C) ratio indicates 
prostate cancer [127]. MRS can be useful for determining the presence of cancer, 
determining lesion aggressiveness, and detecting recurrence [128]. MRS scoring 
system which is based on the choline plus creatinine (Ch + Cr) to citrate (Ci) ratio, 
choline-to-creatinine ratios, and polyamine levels assigns spectral voxels a score 
between 1 and 5. A score of 4 or 5 indicates high likelihood of malignancy with the 
sensitivity values of 64–93% and specificity values of 84.6% and 89.3%, respec-
tively [124]. Detection, localization, and estimation of aggressiveness of prostate 
cancer have been reported to be improved with the use of MRS in addition to pros-
tate MRI [126]. However due to problems in standardization, acquisition, and inter-
pretation of MR spectroscopy, it is not used by PI-RADS version 2 classification.

Report of prostate MRI should include prostate dimensions, any asymmetry in 
the prostate contour, any abnormal signal or contrast enhancement in the peripheral 
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or transitional zone, presence of intravesical protrusion and the length of protrusion, 
loss of periprostatic fat plane, seminal vesicle signal intensity and asymmetry, and 
presence of pelvic and para-aortic lymphadenopathy [93].

Prostate MRI findings in prostate cancer have been standardized as Prostate 
Imaging Reporting and Data System (PI-RADS). The aim of PI-RADS is to pro-
mote standardization in acquisition, interpretation, and reporting of mp-MRI of 
prostate cancer by establishing minimum acceptable technical parameters for pros-
tate mp-MRI, standardize the terminology and content of reports, and categorize the 
lesions according to levels of suspicion or risk for malignancy [115]. Updated 
PI-RADS by European Society of Urogenital Radiology (ESUR) is called PI-RADS 
version 2 [129]. Prostate is divided into 39 regions (36 for the prostate, 2 for the 
seminal vesicles, and 1 for the external urethral sphincter) in PI-RADS. Mapping of 
prostate gland aids to localize the findings detected on MRI which is helpful for 
discussion of management and treatment plan between physicians and guiding tar-
geted prostate biopsy. After localization of lesions in the prostate gland, likelihood 
of malignancy is scored in a five-point scale according to findings on T2-W, DWI, 
and DCE images (Table 1.1) [130]. In PI-RADS volume of the prostate should be 
reported. DWI is the primary determining sequence for peripheral zone (Fig. 1.40). 
Minimum requirement of measurement is largest dimension on axial image [115]. 

a b

c d

Fig. 1.39 DCE-MRI of prostate cancer in anterior fibromuscular stroma. Prostate cancer local-
ized in anterior part of prostate appears hypointense on T2-W (a) and ADC (b) images. (c) Prostate 
cancer enhances after IV gadolinium administration (arrow). (d) Perfusion MRI shows increased 
perfusion of the tumor (arrow, blue-coded area) compared to nonneoplastic prostate
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The diameter of lesions in peripheral zone should be measured on ADC images, 
while transition zone lesions should be measured on T2-W images [115].

PI-RADS necessitate mapping of the prostate lesions. For the mapping, sector 
map including 36 regions should be used, and “index (dominant) lesion” should be 
identified. Index lesion refers to lesion that yields highest PI-RADS assessment 
category. In the setting of multifocal lesions, the largest lesion usually has highest 
Gleason score and extracapsular extension is usually encountered in this lesion.

With the use of mp-MRI, the sensitivity for the detection of prostate cancer 
ranges between 74% and 82%, specificity ranges between 68% and 88%, and NPV 
ranges between 65% and 94% [131, 132]. Prostatic lesions which was scored as 
(PI-RADS ≥4) on mp-MRI were shown to be correlated with higher risk of cancer 
on fusion biopsy and final pathology [133] (Fig. 1.41). High NPV of mp-MRI may 
avoid standard 12-core prostate biopsy. Combination of negative TRUS biopsy and 
negative mp-MRI may obviate the need for repeat biopsy [99].

It should be kept in mind that PI-RADS does not include recommendations for 
the management. Management of patients should be based on laboratory and clini-
cal history, physical examination findings, and standards of care besides mp-MRI 
findings.

The MRI features of extraprostatic disease are summarized in Table 1.2.

Table 1.1 PI-RADSTM v3 assessment categories [115]

PI-RADS 1 Very low (clinically significant cancer is highly unlikely to be 
present)

PI- RADS 2 Low (clinically significant cancer is unlikely to be present)
PI-RADS 3 Intermediate (the presence of clinically significant cancer is 

equivocal)
PI-RADS 4 High (clinically significant cancer is likely to be present)
PI-RADS 5 Very high (clinically significant cancer is highly likely to be present)

a b

Fig. 1.40 PI-RADS 5 prostate cancer. (a) Axial T2-W image demonstrates hypointense area 
(arrow) in right posterior peripheral gland consistent with prostate cancer. (b) DWI reveals 
increased signal intensity (arrow) secondary to diffusion restriction
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a b

c
d

e

Fig. 1.41 PI-RADS 5 prostate cancer. (a) Axial T2-W image reveals left peripheral tumor with 
hypointense appearance (arrow). (b) Tumor presents with diminished signal (arrow) on ADC map 
secondary to depleted diffusion. (c) Perfusion MRI reveals increased perfusion (arrow) of tumor. 
(d) Tumor manifests as hypoechoic mass (arrow) on TRUS. (e) TRUS-guided biopsy of the mass 
(arrow) depicted prostate cancer with Gleason score of 9

Table 1.2 Signs of 
extraprostatic extension [115]

Asymmetry or invasion of the neurovascular bundles
Bulging prostatic contour
Irregular or spiculated margin
Obliteration of the rectoprostatic angle
Tumor-capsule interface of greater than 1.0 cm
Breach of the capsule with evidence of tumor extension
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1.4.3  Local Staging of Patients with Biopsy-Proven Prostate 
Cancer

Mp-MRI improves sensitivity and the PPV of detecting organ-confined prostate 
carcinoma [134]. Local or metastatic spread of prostate cancer should be detected 
after the diagnosis of prostate cancer. Local spread of prostate cancer includes 
extracapsular spread, neurovascular bundle invasion, seminal vesicle invasion, and 
adjacent organ spread. T1 tumors refer to clinically unapparent (neither palpable 
nor visible at imaging) tumors. T2 tumors are confined within the prostate gland. 
T3a tumors extend beyond the prostatic capsule; T3b tumors invade the seminal 
vesicle. T4 tumors are characterized as fixed or invade adjacent structures other than 
seminal vesicles (e.g., bladder, rectum, pelvic wall) [135]. The role of mp-MRI in 
detecting extracapsular extension is controversial. Poor sensitivity (47%) was 
obtained with mp-MRI in detecting extraprostatic extension [136]. Mp-MRI has a 
sensitivity ranging between 13% and 95% and specificity ranging between 49% and 
97%, respectively [137]. Invasion of seminal vesicles can be determined with a 
sensitivity of 23–80% and specificity of 81–99% [137].

The apex of prostate should be carefully assessed in local staging of prostate 
cancer since involvement of external urethral sphincter may result in surgical- or 
radiotherapy-induced injury and impaired urinary continence [115].

Invasion of neurovascular bundle and seminal vesicles should be inspected on high-
resolution T2-W images and DCE T1-W images (Table 1.3) (Figs. 1.42 and 1.43).

Table 1.3 Signs of seminal 
vesicle invasion [115]

Focal or diffuse low T2 signal intensity
Abnormal contrast enhancement within and/or along the 
seminal vesicles
Restricted diffusion
Obliteration of the angle between base of the prostate and 
the seminal vesicle

a b

Fig. 1.42 Prostate capsule and neurovascular invasion in prostate cancer. T2-W images per-
formed for local staging of prostate cancer show tumor in the right peripheral gland with (a) extra-
capsular extension (arrow) and (b) neurovascular bundle invasion (arrow)
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1.4.3.1  Lymph Node Metastasis
Metastasis to the lymph nodes represents poor prognosis in prostate cancer [93]. In 
lymph node assessment, common femoral, obturator, external iliac, internal iliac, 
common iliac, pararectal, presacral, paracaval, and para-aortic lymph nodes should 
be inspected. Lymph node metastasis can be detected on mp-MRI including T2-W 
and postcontrast T1 sequences with 39% sensitivity and 82% specificity [108]. 
Benign and malignant lymph nodes can be distinguished with 86% sensitivity, 85% 
specificity, and 86% accuracy [138]. Imaging of lymph nodes on mp-MRI after 
intravenous administration of lymphotropic superparamagnetic nanoparticles can 
differentiate malignant lymph nodes from benign lymph nodes with a sensitivity of 
100% on a per-patient basis analysis [139]. It has been shown that mp-MRI has 
higher sensitivity (91%) than conventional MRI (35%) on node-by-node analysis 
[139]. Accuracy of MRI is increased with IV administration of lymphotrophic 
superparamagnetic nanoparticles in especially lymph nodes less than 1 cm [137].

1.4.3.2  Distant Metastasis
Prostate cancer most commonly metastasizes to the bone, particularly the axial skel-
eton following the distribution of the skull, thorax, pelvis, spine, and proximal long 
bones [93]. MRI detects bone metastasis with a sensitivity of 100% and specificity 

a b

c d

Fig. 1.43 Prostate cancer with seminal vesical invasion. T2-W images performed for local stag-
ing of prostate cancer (arrow) (a) show left seminal vesical invasion (arrows) on axial (b), coronal 
(c), and sagittal (d) images
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of 88%, while bone scintigraphy detects the metastasis with 46% sensitivity and 
32% specificity [140]. Bone lesions that were detected on bone scans can be char-
acterized on MRI. Bone metastases present with diminished signal intensity within 
the high-signal bone marrow fat (Fig. 1.44).

1.4.3.3  Preprocedural Assessment
The use of mp-MRI in prostate cancer is not limited only for detection, character-
ization, and staging of the lesions, but also it can be used in preprocedural assess-
ment of patients including nerve-sparing surgery, radiation therapy, and focal 
therapy [99]. It was shown that appropriate assessment with mp-MRI can alter treat-
ment in 30% of cases [141]. Areas with extracapsular extension are widely excised, 
and selective excision is preferred for areas without extracapsular extension which 
result in sparing the neurovascular bundles [134]. Mp-MRI can also be helpful with 
identifying lesions to guide focal laser ablation and HIFU therapies.

Planning of radiation therapy for prostate cancer necessitates accurate delinea-
tion of prostate cancer, cancer volume, and tumor extent in order to increase the 
therapeutic radiation dose to malignant lesions and decrease the radiation dose to 
the urethra and periprostatic regions free of tumoral invasion [142]. Determining 
volume and extent of tumors to the periprostatic regions can also be used to increase 
utility and efficacy and safety of local therapies such as brachytherapy, cryosurgical 
ablation, and high-frequency focused ultrasound.

High NPV of mp-MRI (98%) for clinically significant prostate cancer raised a 
question as mp-MRI can be used as a screening tool for clinically significant pros-
tate cancer and prevent unnecessary biopsy procedures. Swedish study reported that 
if PSA ≥1.8 and positive MRI findings were used, biopsy rates may be reduced by 
26% [143]. Although mp-MRI is not generally accepted as a screening tool for 
prostate cancer, a biparametric MRI including T2-W and DWI sequences may be 
performed in patients for screening as a fast imaging technique before biopsy since 
majority of information yielded from mp-MRI gleaned from these sequences [144].

a b

Fig. 1.44 Bone metastasis. Coronal (a) and sagittal (b) T2-W MR images of a 74-year-old man 
reveal multiple hypointense bone metastasis (arrows) of prostate cancer replacing hyperintense 
bone marrow
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1.4.3.4  Metabolic Imaging
Although 1H spectroscopy and FDG-PET were used to depict metabolic properties 
of prostate cancer, utility of these techniques was not generally accepted due to low 
spatial resolution, long acquisition time, and limited additional benefit. 
Hyperpolarized 13C MR imaging as a new metabolic imaging technique depicts 
conversion of pyruvate to lactate, despite oxygen-rich environment in prostate can-
cer [145]. This technique was recently shown to demonstrate elevated lactate/pyru-
vate ratios in biopsy-proven prostate cancer [146].

1.4.3.5  Evaluation of Recurrence
Recurrence of prostate cancer is almost always evaluated by mp-MRI; however 
efficacy of T2W sequence, DWI, and MRS is limited due to postsurgical or post- 
radiotherapy or local therapy changes resulting in fibrosis (Figs. 1.45, 1.46). DCE- 
MRI is helpful in these situations since recurrent cancer tissue presents with early 
enhancement while posttreatment changes manifest as delayed enhancing regions 
(Fig. 1.47) [147]. The sensitivity and specificity of DCE-MRI for detection of 

a b

c d

Fig. 1.45 Prostate cancer in the right peripheral gland (arrows) seen as low signal on T2-W image 
(a) and hypervascular (b) on postcontrast T1-W image disappeared after radiation treatment at 
corresponding images (c and d)
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a b

Fig. 1.46 Prostate cancer in the left peripheral gland seen as low signal (arrow) on ADC map 
(a) disappeared (arrow) after radiation treatment (b)

a b

c d

Fig. 1.47 A 65-year-old man presented with rising PSA after radical prostatectomy. Axial post-
contrast (a), T2-W (b), and DWI images (c) and ADC map (d) show local recurrent tumor (arrows) 
measuring 12 mm
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recurrent prostate cancer after radical prostatectomy were reported as 85% and 
95%, respectively [148].

 Conclusion

Advanced MRI techniques may be helpful in assessment aggressiveness of the 
renal tumors. Detection, staging, and follow-up of bladder tumors can be con-
ducted with imaging techniques mostly with CT or MRI. Suspected or proven 
bladder tumors are most commonly initially evaluated by CT. MRI provides addi-
tional necessary information about the local invasion of bladder wall layers and 
extension to perivesical area. Multiparametric MRI is a promising tool to detect, 
localize, and accurately biopsy clinically significant prostate cancer. Advanced 
MRI techniques such as DWI are promising for differentiation between benign 
and malignant tumors, prediction aggressiveness, and treatment response of blad-
der tumors. US, CT, and MRI can be used to assess prostate cancer, lymph node 
status, and bone metastasis. Accurate reporting in prostate cancer in accordance 
with updated guidelines has gained importance to appropriate management of 
patients. Selection of patients with prostate cancer to local therapy or systemic 
treatment relies on appropriate assessment and accurate reporting.
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Abstract
Bladder cancer (BC) is the 7th most commonly diagnosed cancer in men 
worldwide, while it declines to 11th when both sexes are considered. The 
worldwide age-standardized incidence rate (per 100,000 person/years) is 9.0 
for men and 2.2 for women. Europe has among the highest incidence rates of 
BC in the world, where the age-standardized incidence rate is 19.1 for men and 
4.0 for women. The overall burden was greater in men; however varying inci-
dence trends by gender were reported recently in some countries, with rates 
drop in male and increase in female population. The management of BC should 
be tailored according to the disease stage, grade, and patient-related factors at 
the presentation. In this chapter, we will discuss the management of non-mus-
cle-invasive disease and the surgical management of muscle-invasive disease.

2.1  Introduction

Bladder cancer (BC) is the 7th most commonly diagnosed cancer in men world-
wide, while it declines to 11th when both sexes are considered [1]. The world-
wide age-standardized incidence rate (per 100,000 person/years) is 9.0 for men 
and 2.2 for women. An estimated 76,960 new cases of BC will be diagnosed in 
the United States (USA) in 2016 [2]. Bladder cancer, the fourth most common 
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cancer in males, is 3.3 times more prevalent in men than in women in the 
USA. Europe has among the highest incidence rates of BC in the world, where 
the age-standardized incidence rate is 19.1 for men and 4.0 for women [1]. The 
overall burden was greater in men; however varying incidence trends by gender 
were reported recently in some countries, with rates drop in male and increase 
in female population [1]. Worldwide, age-standardized mortality rate (per 
100,000 person/years) was 3.2 for men vs. 0.9 for women in 2012 [1]. Although 
mortality declines were generally observed in Europe, mortality rates in 
European men were by far the highest recorded worldwide [1]. In 2016, approx-
imately 16,390 deaths (11,820 men and 4570 women) will result from BC, 
which is the eighth most common in male population and the fourth most com-
mon in patients >80 years of age in the USA [2]. Regarding the mortality, again 
the affliction was greater in men; however as with the incidence trends by sex in 
some countries, mortality rates decline in men and increase in women [1]. 
Disparities in terms of healthcare systems, management protocols, or access to 
facilities, particularly between countries at different levels of development, 
could explain the differences reported in BC incidence, survival, and mortality 
rates between countries [1].

At presentation, approximately 75% of patients with BC present with non- 
muscle- invasive disease confined to the mucosa (pathological stage Ta and/or car-
cinoma in situ) or submucosa (pathological stage T1), and almost 50% of these 
patients have low-grade disease [3, 4] (Fig. 2.1). The remaining 25% of BC 
patients present with muscle-invasive or metastatic disease and most of these 
tumors are high-grade lesions [3, 5]. In non-muscle-invasive BC, the most impor-
tant prognostic factor is grade [5], and the latest grading system was introduced in 
2004 by the World Health Organization (WHO) and updated in 2016 [6, 7]. This 
grading system categorizes urothelial carcinoma as “low grade” or “high grade” 
and includes another category, “papillary urothelial neoplasm of low malignant 
potential (PUNLMP).” For invasive BC, the most important prognostic factor is 
clinical and pathological stage, which is based on the depth of tumor invasion and 
metastasis status [5].

Fig. 2.1 Cystoscopic appearance of a bladder tumor with a feeding vessel and papillary nature 
(Courtesy of Marmara University Department of Urology)
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The management of BC should be tailored according to the disease stage, grade, 
and patient-related factors at the presentation. In this chapter, we will discuss the 
management of non-muscle-invasive disease and the surgical management of 
muscle- invasive disease. Target volume delineation radiotherapy guidelines, blad-
der preservation approaches, systemic chemotherapies, targeted therapies, and 
immunotherapy in BC will be discussed in the following chapters.

2.2  Management of Non-muscle-Invasive Bladder Cancer

The initial step for the diagnosis of bladder tumors is transurethral resection (TUR) 
to remove all visible tumors with sufficient surgical margins and depth (Fig. 2.2), 
which also represents the initial approach in the management of non-muscle- 
invasive bladder cancer (NMIBC). However, the diagnosis of NMIBC requires 
close follow-up with potentially additional treatments since reported 5-year rates of 
NMIBC recurrence range from 50% to 70% and progression to muscle-invasive 
disease range from 10% to 30% [5].

The management of NMIBC is based on the pathological findings of the 
TUR specimen: histology, tumor grade, pathological T stage, presence or 
absence of the muscularis propria, and carcinoma in situ. Using these pathologi-
cal findings together with tumor size, tumor quantity, and number of previous 
recurrences, NMIBC has been categorized as low-, intermediate-, or high-risk 
groups for recurrence and progression by European Association of Urology 
(EAU) and National Institute for Health and Care Excellence (NICE) [4, 8] 
(Table 2.1). It should be noted that the major difference between EAU and NICE 
risk groups is that EAU categorizes patients with multiple or recurrent >3 cm 
pTa low-grade tumors as high- risk disease, while it has been defined as interme-
diate-risk disease by NICE [9]. Based on these risk groups, national and inter-
national societies developed practical recommendations for the management of 
NMIBC [4, 8, 10, 11].

Fig. 2.2 Cystoscopic appearance of a suspicious bladder lesion and transurethral resection of this 
lesion with sufficient surgical margins and depth (Courtesy of Marmara University Department of 
Urology)
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2.3  Repeat/Restaging Transurethral Resection

To more correctly evaluate stage and improve response to adjuvant intravesical 
treatments, the value of a repeat or restaging transurethral resection after the initial 
transurethral resection has been proven [12–14]. A second transurethral resection 
corrects clinical staging errors in 9–49% of cases and detects residual tumor in 
26–83% of cases [15]. Major guidelines support the role of repeat resection within 
2–6 weeks after primary resection in cases of incomplete resection and in cases of 
high-grade pTa where detrusor was not present. In addition, EAU, International 
Consultation on Urological Diseases (ICUD), and National Comprehensive Cancer 
Network (NCCN) recommend a repeat resection in all pT1 tumors. ICUD and NICE 
suggest a second resection in all high-risk tumors even in cases with detrusor pres-
ent in primary resection. EAU mentions two select circumstances regarding carci-
noma in situ (CIS): incomplete resection, if no muscle is present in the initial 
resection except CIS, and all high-grade lesions except primary CIS [4].

A second resection is particularly warranted for T1 tumors since 2–28% of them 
prove to be muscle invasive, thus requiring a change in management [15]. Our group 
recently showed that the interval between first and second TUR should be ≤42 days 
in order to attain lower recurrence and progression rates in patients with high-risk 
NMIBC treated with maintenance intravesical Bacillus Calmette-Guérin (BCG) 
therapy [16].

Table 2.1 NMIBC risk groups according to the EAU and NICE guidelines

NMIBC risk 
groups EAU guidelines [4] NICE guidelines [8]
Low New solitary pTa low grade (G1/2) 

<3 cm
Solitary pT1 low grade (G1/2) <3 cm
Papillary urothelial neoplasm of low 
malignant potential

Intermediate All others Solitary pTa low grade (G1/2) >3 cm
Multifocal pTa low grade (G1/2)
pTa high grade (G2)
Any pTaG2 (unspecified)
Any low risk with recurrence 
<12 months

High Any pT1
pTa high-grade (G3)
pCIS
Multiple/recurrent AND >3 cm Ta low 
grade (G1/2)

Any pT1
pTa high-grade (G3)
pCIS
Aggressive variants—nested/
micropapillary

Highest T1G3/HG associated with concurrent 
bladder CIS, multiple and/or large 
T1G3/HG and/or recurrent T1G3/HG
T1G3/HG with CIS in the prostatic 
urethra,
unusual histology of urothelial 
carcinoma,
lymphovascular invasion

Not exists
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2.4  Intravesical Chemotherapy

For patients with NMIBC, a single immediate instillation of intravesical chemo-
therapy (IVC) (e.g., mitomycin, epirubicin, or doxorubicin) after transurethral 
resection is recommended by all guidelines. The optimum timing is within 6 h after 
transurethral resection, and delaying instillation for more than 24 h was found to 
increase recurrence rates by nearly twofold [17]. A meta-analysis of randomized 
trials supported that IVC prolongs recurrence-free interval (hazard ratio [HR], 0.62; 
95% confidence interval [CI], 0.50–0.77) and early recurrences of NMIBC were 
12% less likely in the intervention population when administered immediately after 
TUR [18]. Another meta-analysis of randomized trials reported benefit from IVC in 
patients with low-risk and intermediate-risk disease (HR, 0.65; 95%CI, 0.58–0.74) 
but not in patients with high-risk disease [19]. Although a single immediate instilla-
tion of IVC for recurrent tumors has been considered as a non-useful treatment 
option, in the recent EAU guidelines, it has been recommended in patients with 
previous low recurrence rate (less than or equal to one recurrence per year) and 
expected EORTC recurrence score <5 [4].

Although low-risk BC patients would only require a single instillation of IVC, 
this is subtherapeutic for intermediate-risk disease and an induction course 
3–4 weeks after TURBT is recommended by all guidelines. A randomized trial 
comparing three different regimes of IVC failed to show any difference between a 
6-month and a 1-year regime in a predominantly intermediate-risk cohort [20]. For 
patients with intermediate-risk NMIBC, a meta-analysis of randomized trials 
showed benefit from the addition of 1 year of maintenance IVC after transurethral 
resection (1-year recurrence HR 0.56) [21]. However, the exact induction regime 
and the need for maintenance instillation are uncertain, and yet no studies have 
shown decreased progression rates with IVC [21].

2.5  Intravesical Immunotherapy

All guidelines advocate the use of intravesical BCG immunotherapy after TURBT 
in high-risk NMIBC. Several randomized studies have compared BCG with various 
IVCs [22]. In these studies, not only was BCG superior in terms of reducing recur-
rences, but also it was the only intravesical treatment that delayed disease progres-
sion [23]. Data from these studies are further supported by five meta-analyses 
confirming the superiority of intravesical BCG over intravesical MMC in both high- 
risk papillary and CIS tumors [22, 24]. It should be noted that a reduction of 32–59% 
in tumor recurrence only achieved when maintenance BCG was used. Two meta- 
analyses compared intravesical BCG vs. MMC and reported 27–34% reduction in 
progression rates for patients treated with induction and maintenance BCG [25, 26]. 
In order to augment the effect of intravesical therapies, a randomized trial compar-
ing BCG followed by electromotive mitomycin with BCG alone reported promising 
results with lower rates of disease progression (9.3% vs. 21.9%) and mortality 
(21.5% vs. 32.4%) in combination group [27].
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Intravesical BCG treatment is also a valuable option for patients with intermediate- 
risk disease. A recent randomized trial showed that in high-risk disease, recurrence- 
free survival was greatest when maintenance BCG was delivered at full dose for 
3 years; however, for intermediate-risk NMIBC, 1 year of maintenance treatment 
was adequate [28]. Another recent randomized trial compared BCG with hyperther-
mic administration of mitomycin in intermediate- and high-risk patients and 
reported a higher 24-month relapse-free survival rate with mitomycin (78.1% vs. 
64.8%) but no difference in progression [29]. However these recent findings require 
further validation.

All guidelines recommend the BCG induction regime of once a week for 6 weeks, 
which was first described by Morales 40 years ago [30]. However, different mainte-
nance protocols exist ranging from 6 once weekly instillations every 6 months for 
2 years to monthly instillations for 2 years [31, 32]. The most commonly used pro-
tocol is based on the Southwest Oncology Group study, where the maintenance 
group received 3 once weekly BCG at 3 and 6 months followed by 3 once weekly 
BCG every 6 months for up to 3 years [33].

2.6  Treatment Alternatives During the Global Shortage 
of BCG

Bacillus Calmette-Guérin is a live vaccine and historically the Connaught strain 
has been dominantly used for the intravesical treatment. Sanofi, who produces 
this strain, had major production problems in 2012, and their supply had to be 
withdrawn from the market for security reasons. This put added pressure on the 
other strains, such as Tice, Tokyo, RIVM, etc., and an increased demand for 
intravesical treatment alternatives [34, 35]. As we mentioned above, the term 
NMIBC represents a heterogeneous group of patients, and subclassification is 
helpful to manage these patients. It is also possible to subgroup patients, who 
ideally should be managed with intravesical BCG treatment, and make treatment 
recommendations:

2.6.1  Alternative BCG Schedules

• Patients already on treatment: BCG maintenance can be stopped after the first 
year in patients without CIS and continued for up to 3 years in patients with CIS 
at a reduced 1/3 dose [35]. In the EORTC-GU trial, this approach did not seem 
to lead to more tumor progression; however a higher risk of recurrence has been 
noticed in the very high-risk group [36].

• New patients: A reduced dose of 1/3 BCG for both induction and maintenance 
for 1 year has been investigated by the same EORTC-GU trial, and this treatment 
regimen was also not associated with an increased progressing rate as compared 
to full dose regimen [36].

I. Tinay and N.A. Mungan



65

2.6.2  Alternative Intravesical Chemotherapy Applications

• Mitomycin C with maintenance: Although intravesical BCG treatment was asso-
ciated with superior treatment results in the RCTs, a significant response in terms of 
recurrence rates should be noticed with the use of maintenance mitomycin C even 
in high-risk patients [22]. Based on these results, an alternative treatment schedule 
with induction and maintenance mitomycin C seems to be a sensible alternative, 
especially for high-risk NMIBC patients without highest- risk features [35].

• Delivery of chemotherapy with thermal energy: Thermal energy appears to opti-
mize the absorption of several intravesical agents, and several devices are available 
to deliver thermo-chemotherapy for the treatment of NMIBC [34, 35]. A recent 
systemic review and meta-analysis reported a 59% reduction in recurrence rate for 
this approach compared to traditional chemotherapy instillations [37].

• Electromotive drug administration: This approach uses an electric current to aug-
ment transepithelial drug penetration. Data of two RCTs from the same group suggest 
that this administration appears to increase bladder uptake of MMC, resulting in an 
improved response rate in high-risk group [27, 38]. Although short-term results appear 
equivalent to BCG, long- term efficacy data are lacking by the time of this review.

• Intravesical gemcitabine: A recent review reported similar results with gem-
citabine in intermediate-risk group compared to intravesical BCG therapy; how-
ever inferior results were reported for high-risk group. Today this treatment 
mainly reserved for BCG-refractory patients [39].

2.7  Future Perspectives

Intravesical drug delivery is challenged by the difficulty of establishment of a suit-
able and effective drug concentration because of periodical discharge of the bladder. 
In this context, bio-adhesive colloidal drug delivery systems have emerged as prom-
ising delivery systems for intravesical chemotherapeutic agents. Recently, we have 
reported on different cationic nanoparticles for the effective delivery of mitomycin C 
for NMIBC [40–42]. Similarly we also showed that cationic nanoparticles provide a 
significantly improved perspective in intravesical immunotherapy of bladder tumors 
[43]. Further studies and especially in human trials with biocompatible cationic 
nanoparticles are required for more effective intravesical therapies in NMIBC.

2.8  Treatment of Disease Unresponsive to or Relapsing 
After BCG Vaccination

Treatment failures of BCG can be stratified into the three categories: no response to 
BCG (BCG-refractory disease), relapse after BCG, and BCG intolerance [44, 45]. 
The EAU panel categorized these instances under the title “unsuccessful treatment 
with intravesical BCG” (Table 2.2) [4].
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Recently, the US Food and Drug Administration, the International Bladder 
Cancer Group, and the American Society of Clinical Oncology GU Cancers Group 
introduced another subcategory called “BCG unresponsive,” basically to assist 
patient selection for clinical trial enrolment after the worldwide shortage of BCG 
[46, 47]. This category includes BCG-refractory disease and a subset of the patients 
with relapsing BCG who have recurrence within 6 months of last exposure to BCG 
during maintenance treatment. These patients are at highest risk of recurrence and 
progression, do not benefit from continued BCG, and are strongly recommended to 
undergo radical cystectomy. However, patients with late BCG relapse (more than 
1–2 years after last BCG exposure) and who are unwilling to undergo RC can try 
another course of salvage intravesical treatment with repeat intravesical induction 
BCG, BCG with interferon α2a, gemcitabine, or valrubicin [5].

In EAU guidelines, for BCG-refractory category, the recommendation is either 
RC or bladder-preserving strategies in patients unsuitable for cystectomy [4]. For 
high-grade recurrence, RC, repeat BCG, or bladder-preserving strategies are recom-
mended. For non-high-grade recurrences after BCG in primary intermediate tumors, 
repeat intravesical BCG/chemotherapy or RC is recommended. The NICE guideline 
recommends all patients who fail induction course BCG to be considered for RC 
[8]. If the patient’s clinical situation is unsuitable for RC, further intravesical ther-
apy may be considered, but there was considerable uncertainty regarding the opti-
mal next steps. At the present time, treatments other than RC must be considered 
oncologically inadequate in patients with BCG failure.

2.9  Upfront Cystectomy for Very High-Risk NMIBC

High-risk NMIBC is a heterogeneous disease and recently the definition of “very 
high-risk disease” has been introduced with the recommendation of upfront radical 
cystectomy as the initial management to improve survival [4]. The evidence is solid 
that high-grade pT1 BC with coexisting CIS is associated with an increased risk of 
recurrence and progression [48]. EORTC nomograms also suggest that in patients 
treated with intravesical BCG (with a maintenance protocol), previous recurrence rate 
and presence of multifocal disease were associated with progression and death [49]. 

Table 2.2 EAU categories for unsuccessful intravesical BCG treatments

BCG failure Whenever a MIBC is detected during follow-up. BCG-refractory tumor:
1. If HG non-muscle-invasive papillary tumor is present at 3 month
2.  If CIS (without concomitant papillary tumor) is present at both 3 and 

6 months
3.  If HG tumor appears during BCG therapy (patients with low-grade 

recurrence during or after BCG treatment are not considered a BCG failure)
HG recurrence after BCG:
Recurrence of HG/grade 3 (WHO 2004/1973) tumor after completion of 
BCG maintenance, despite an initial response

BCG intolerance Severe side effects that prevent further BCG instillation before completing 
induction.
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In addition, the diagnosis of “micropapillary” variant histology has been reported to 
be refractory to BCG with 67% risk of disease progression [50].

Based on these data, patients with very high-risk NMIBC include those with 
multiple and/or large high-grade T1 tumors, micropapillary variant histology, coex-
istent CIS in the bladder or prostatic urethra, or presence of lymphovascular inva-
sion in TUR pathology [51–53]. EAU, NICE, NCCN, and ICUD suggest early 
cystectomy as an alternative to intravesical BCG in these very high-risk tumors. 
ICUD specifically identify young patients with pT1 disease with at least one adverse 
prognostic factor listed above, where EAU suggest that patients with large tumors 
(>3 cm) are also candidates of early cystectomy [4, 44].

2.10  Surgical Management of Muscle-Invasive Bladder 
Cancer

Standard radical cystectomy (RC) techniques include removal of the distal ureters 
together with the urethra, adjacent vagina, and uterus in women or prostate and 
seminal vesicles in men [54]. Radical cystectomy with bilateral pelvic lymphade-
nectomy and often preceded by neo-adjuvant cisplatin-based chemotherapy is the 
gold standard surgical treatment for muscle-invasive BC [5, 54]. Minimally invasive 
radical cystectomy (MIRC) techniques, namely, laparoscopic- and robot-assisted 
RC, are being increasingly applied for the treatment of muscle-invasive BC, and 
short- to medium-term results are promising for both techniques in terms of postop-
erative morbidity and oncologic outcomes [55]. For the optimization of erectile 
function and urinary continence after RC, nerve-sparing and pelvic organ-sparing 
techniques have been reported [56]. Nerve-sparing RC is applicable for both women 
and men, except there is doubt for the local tumor control such as patients with 
clinical T3–T4 tumors [5, 56]. However, the long-term oncological safety for pros-
tate and/or seminal vesicle sparing RC in men remains in question since whole- 
mount processing of the prostate demonstrates urothelial cancer in 20–40% and 
prostate adenocarcinoma in 40–50 % of patients in the final pathology [57, 58].

The extent of pelvic lymph node dissection (PLND) during RC is a subject of 
debate. An extended PLND includes all lymph nodes (LNs) between the aortic 
bifurcation and common iliac vessels (proximally), the genitofemoral nerve (later-
ally), the circumflex iliac vein and LNs of Cloquet (distally), and the internal iliac 
vessels (posteriorly), including the obturator fossa and the presacral LNs anterior to 
the sacral promontory (Fig. 2.3). A recent meta-analysis showed that an extended 
pelvic lymph node dissection should be done as it results in more accurate staging, 
better regional control, and improved survival than the more restricted dissection 
and less than complete lymphadenectomy [59]. The number of removed LNs for a 
sufficient determination of LN staging in each patient is currently not standardized 
[60]. Studies reported that higher numbers of examined LNs are related to increased 
CSS and overall survival (OS) rates. Herr reported 5-year OS rates of 33% in 
patients with 0–5 examined LNs compared to 79% with >14 nodes [61]. A multi- 
institutional cooperative bladder cancer group study reported a recommendation of 
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a minimum removal of 10 to 14 LNs [62]. Two ongoing prospective randomized 
trials, AB 25/02-LEA by German Association of Urogenital Oncology and 
SWOG-S1011 by Southwest Oncology Group, are testing whether extended pelvic 
lymphadenectomy results in better survival or locoregional control than standard 
bilateral pelvic lymphadenectomy [63, 64].

Radical cystectomy is associated with significant postoperative mortality, where 
30-day mortality rates were reported between 1.2% and 3.2% and 90-day mortality 
rates varies between 2.3% and 8% [54, 65, 66]. Early complication rates within 
30 days after the surgery were reported between 20% and 60% in studies using 
multi-institutional cystectomy databases and large single center cohorts [67]. 
Enhanced recovery protocols, avoiding bowel preparation and nasogastric tube, 
starting with early feeding, using nonnarcotic pain management, cholinergic and 
μ-opioid antagonists, after radical cystectomy, aim to reduce perioperative morbid-
ity [68, 69]. However the experience with these recovery protocols is limited. In 
general, lower morbidity and (perioperative) mortality are seen with high-volume 
surgeons and hospitals [70, 71].

A randomized trial [72] of robotic-assisted laparoscopic versus open radical cys-
tectomy showed no difference in morbidity or length of hospital stay but longer 
operative time and increased cost in the robotic group, similar to results from the 
CORAL study from the UK [73]. A propensity-matched comparison study of mor-
bidity and costs of open and robot-assisted radical cystectomies reported similar 
major complication rates (Clavien grade ≥3) between open- and robot-assisted RC. 
However robot-assisted RC had 46% decreased odds of minor complications 
(Clavien grade <3) [74]. Two prospective randomized clinical trials comparing open 
and robotic radical cystectomy are in progress, but final results have not been 
reported yet [5, 75].

Fig. 2.3 Appearance of the pelvic area after radical cystectomy and extended lymphadenectomy. 
(A) Sigmoid colon, (B) left ureter, (C) right ureter, (D) aortic bifurcation, (E) right common iliac 
artery, (F) left external iliac artery, (G) right external iliac artery, (H) left external iliac vein, (I) 
right external iliac vein, (J) left obturator nerve (Courtesy of Marmara University Department of 
Urology)
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Late morbidity after radical cystectomy is usually linked to the type of urinary 
diversion. Generally, ileal conduits represent least complication-prone and most 
commonly performed urinary diversion, where neobladders represent more com-
plex diversions with high patient commitment during rehabilitation period. The 
largest single site experience with neobladders reported at least 1 complication 
within 90 days of surgery in 58% of patients, where 36% had minor (grades 1 to 2) 
and 22% had major (grades 3 to 5) complications [76]. However, studies comparing 
different types of diversions showed no significant differences in early and late mor-
bidities after neobladder, ileal conduit, and Indiana pouch [77–79].

The results of a large and multi-institutional series show that in patients with 
localized invasive transitional cell carcinoma, radical cystectomy and pelvic lymph-
adenectomy are associated with mean recurrence-free and bladder cancer-specific 
survival of 58% and 66% at 5 years [80]. The largest single site study with more 
than 1000 patients reported recurrence-free survival and overall survival of 68% and 
66% at 5 years and 60% and 43% at 10 years, respectively [81]. When divided by 
pathological T stage, 5-year recurrence-free survival was 76% in patients with pT1 
tumors, 74% for pT2, 52% for pT3, and 36% for pT4 [81]. A recent analysis using 
Surveillance, Epidemiology and End Results database revealed an increased stage- 
specific 5-year survival rate for all stages, except for metastatic disease between 
1973 and 2009 [82].

 Conclusion

The initial step for the diagnosis of bladder tumors is transurethral resection 
(TUR) to remove all visible tumors with sufficient surgical margins and depth, 
which also represents the initial approach in the management of non-muscle-
invasive bladder cancer (NMIBC). For patients with NMIBC, a single immediate 
instillation of intravesical chemotherapy (IVC) (e.g., mitomycin, epirubicin, or 
doxorubicin) after transurethral resection is recommended by all guidelines. 
Intravesical BCG treatment is also a valuable option for patients with intermedi-
ate-risk disease. All guidelines recommend the BCG induction regime of once a 
week for 6 weeks. Radical cystectomy with bilateral pelvic lymphadenectomy 
often preceded by neo-adjuvant cisplatin-based chemotherapy is the gold stan-
dard surgical treatment for muscle-invasive BC. The extent of pelvic lymph node 
dissection (PLND) during RC is a subject of debate.
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Abstract
The use of radiotherapy (RT) in the treatment of bladder cancer has been decreasing 
through the years. There is no role of RT in carcinoma in situ and Ta and Tl tumors. 
However, irradiation may have a role in high-grade or recurrent T1 lesions. There is 
no prospective randomized trial comparing surgery with RT in muscle-invasive 
bladder cancer. In T2–T4a disease without lymph node (LN) involvement, RT can 
be combined with concurrent chemotherapy in medically fit patients. However, 
there is no rationale of RT in patients with LN or distant metastasis except for pallia-
tive reasons. The gross tumor volume (GTV), clinical target volume (CTV), plan-
ning target volume (PTV), and organs at risk (OAR) should be delineated separately 
in each slice based on the recommendations in the International Commission on 
Radiation Units and Measurements (ICRU) reports 50 and 62. The only delineation 
guideline for the RT in bladder cancer has been reported by the Australian and New 
Zealand Faculty of Radiation Oncology Genito-Urinary Group.

3.1  Anatomy

The urinary bladder is a muscular organ located in the pelvis, inferior to the pubic 
bone when empty, but may extend up into the abdomen to the umbilicus when full. 
The bladder has an apex, a base (posterior surface), a superior surface, two infero-
lateral surfaces, a trigone, and a neck. The apex ends as a fibrous cord above the 
pubic bone which connects the bladder to the allantois. This part is the remnant of 
the fetal urachus from which many tumors can arise. The base is separated from the 
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rectum by the ureters, vas deferens, and seminal vesicles in men and the uterus and 
vagina in women. A V-shaped structure is formed by the seminal vesicles at the 
base, and the vas deferens enters the middle of this structure. Both ureters enter the 
bladder slightly superior and lateral to the seminal vesicles. The superior surface is 
the only surface covered with peritoneum and is in close proximity to the uterus, 
ileum, and sigmoid colon. The inferolateral surfaces are surrounded by loose con-
nective tissue and in close proximity to the pubic bone, levator ani, and obturator 
internus muscles. The neck of the bladder is the most inferior part which is adjacent 
to the prostate and urethra. The retropubic space separates the bladder from the 
pubic bone anteriorly.

3.2  Role of Radiotherapy for Locoregional Disease

The use of radiotherapy (RT) in the treatment of bladder cancer has been decreasing 
through the years. There is no role of RT in carcinoma in situ, Ta, and Tl tumors. 
However, irradiation may have a role in high-grade or recurrent T1 lesions [1–4]. 
There is no prospective randomized trial comparing surgery with RT in muscle- 
invasive bladder cancer. In T2–T4a disease without lymph node (LN) involvement, 
RT can be combined with concurrent chemotherapy in medically fit patients [5, 6]. 
However, there is no rationale of RT in patients with LN or distant metastasis except 
for palliative reasons.

In North America, split schedules of RT have been used. An interval cystos-
copy is followed by 39–40 Gy RT in 1.8–2 Gy fraction doses, and after an interim 
cystoscopy for the detection of response, RT proceeds to a total dose of 64–66 Gy 
with long-term survival rates [7, 8]. However, only 65% of patients retain a func-
tioning bladder, whereas others undergo salvage cystectomy [9]. On the other 
hand, in the United Kingdom a single radical course of RT is administered to the 
whole bladder to a total dose of 64 Gy in 32 fractions or a hypofractionated sched-
ule of 55 Gy in 20 fractions, following the transurethral resection for bladder 
tumor (TURBT) [10, 11].

3.3  Target Volume Delineation

In the conventional era, the superior border was at the L5-S1 vertebrae interspace, 
and the inferior border was inferior to the obturator foramina (1.5 cm inferior to the 
bladder neck and/or prostatic urethra). On the anterior-posterior fields, the lateral 
borders were 1.5–2 cm lateral to the bony pelvis. On the lateral fields, the anterior 
border was 1 cm posterior to the anterior of the symphysis pubis, and the posterior 
border was 1–3 cm posterior to the tumor detected on imaging techniques. The 
boost dose was prescribed to the whole bladder with 1.5–2 cm margins.

For modern conformal RT techniques, the patient is first immobilized with a 
kneefix and feetfix in supine position for the planning computed tomography 
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(CT). The arms should be on the chest in order to keep them away from the treat-
ment area. The rectum should be empty, and daily enema can be used. The blad-
der is recommended to be empty by most authors in order to minimize the risk of 
geographic miss and also to decrease the irradiated volumes. However, a full 
bladder moves the intestines and rectum out of the field and decreases the toxic-
ity rate. For this reason, we prefer a full bladder for the extended field RT in our 
clinic. However, the boost dose should be administered with an empty bladder, 
and a second planning CT should be taken if the extended field was administered 
with a full bladder. At the Mass General Hospital, a Foley catheter is inserted 
into the bladder after the patient has voided [12]. They measure the postvoiding 
urine residual and replace it by an equal volume of bladder contrast with an addi-
tional 25 mL of contrast in order to define the inner walls of the bladder and 
15 mL of air in order to visualize the anterior portion of the bladder on the lateral 
simulation film.

To define the isocenter, three radiopaque pellet markers are placed: one at the 
anterior midline and two at the right and left lateral point, respectively, on the 
skin. Intravenous contrast injection is not routinely recommended. The CT scan 
is acquired in 3–5 mm slices from 3 cm superior to the base of the bladder or 
bottom of L5, whichever is more superior, to the inferior of ischial tuberosities. 
The gross tumor volume (GTV), clinical target volume (CTV), planning target 
volume (PTV), and organs at risk (OAR) should be delineated separately in each 
slice based on the recommendations in the International Commission on 
Radiation Units and Measurements (ICRU) reports 50 and 62 [13, 14].

The only delineation guideline for the RT of bladder cancer has been reported by 
the Australian and New Zealand Faculty of Radiation Oncology Genito-Urinary 
Group [15].

3.4  Definitive Radiotherapy for the Intact Bladder

3.4.1  Gross Tumor Volume

The GTV can be difficult to define on CT only, and magnetic resonance imaging 
(MRI) can help the delineation process. It is defined as any gross residual disease 
seen at cystoscopy or by imaging techniques including the disease seen or palpated 
outside the bladder wall. Following a complete TURBT for a tumor that does not 
extend outside the bladder wall, there is no definable GTV.

3.4.2  Clinical Target Volume

CTV1 is the whole bladder, tumor bed (after TUR), proximal urethra, bladder neck 
and/or prostatic urethra (in case of prostatic fossa involvement), and, if existent, 
extravesical extension with a 0.5-cm margin. This field is irradiated with 45–50 Gy 
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in 1.8–2 Gy fraction doses. The reason for delineating the whole bladder is that 
bladder cancer is generally multifocal and recurs in a multifocal manner [16]. 
Besides, delineating the microscopic extent of the tumor on a planning CT is diffi-
cult. If elective nodal irradiation is to be administered, pelvic LNs are also delin-
eated in CTV1 and receive the same dose. CTV2 for the boost dose is formed with 
a 0.5-cm margin to the GTV2 and irradiated to a total dose of 60–65 Gy. Another 
boost technique is to irradiate the whole bladder with an additional 8 Gy and then 
give a boost dose of 12 Gy to the tumor alone. However, if the site of the tumor is 
not clear, then the whole bladder is recommended to be treated to the total dose [15].

All anatomical variations such as cystocele and diverticulum should be included 
in the CTV. If there is involvement of ureteric orifice, distal urethra should be 
encompassed in the CTV with a 1-cm margin [17]. The prostate is involved in up to 
43% of patients with bladder cancer [18, 19]. The risk of urethral involvement, and 
therefore prostatic involvement, is increased with the existence of carcinoma in situ 
in the bladder, multifocal tumors, and involvement of the trigone/bladder neck. If 
any one of these risk factors is present, the whole prostate gland can be included in 
the CTV1. If there is macroscopic involvement of the prostate and/or urethra, the 
prostate should be included in both CTV1 and CTV2 [15].

In female patients, the rate of urethral involvement was found 7–46% in cystec-
tomy series [20]. Urethral involvement was shown to be associated with the involve-
ment of bladder neck [20]. Another potential site for microscopic invasion is the 
anterior vaginal wall in patients with urethral involvement [20]. However, it is dif-
ficult to determine microscopic vaginal involvement without cystectomy, and delin-
eating the vagina is not routinely recommended. If there is anterior vaginal wall 
involvement on imaging or clinical examination, then the vagina should be included 
in CTV1 together with the proximal urethra.

CTV delineation including pelvic LNs in a muscle-invasive bladder cancer patient 
treated with bladder-preserving multimodal approach image-guided RT (IGRT) is 
depicted in Fig. 3.1. Boost volume for the same patient is shown in Fig. 3.2.

3.4.3  Role of Elective Nodal Irradiation

There are conflicting data on elective nodal irradiation in the treatment of bladder 
cancer. The rate of LN involvement is approximately 25% according to radical 
cystectomy series, and this finding helps to indicate the need for extensive LN dis-
section (LND) and adjuvant chemotherapy [10, 21, 22]. The number of dissected 
LNs is directly correlated with the outcome of patients, independent of the N stage 
[23, 24]. Based on these findings, elective nodal irradiation may provide a survival 
benefit in patients that did not undergo LND whether they are involved or not, with 
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Fig. 3.1 CTV delineation for a muscle-invasive bladder cancer patient treated with definitive 
IGRT

the expense of additional toxicity. However, pelvic control and survival rates are 
not decreased with irradiation of the bladder alone when used together with che-
motherapy [25].

The BC20001 study reported a low rate of nodal relapse both in patients that 
received RT alone (7%) and in patients that received chemoradiotherapy (5%) [26]. 
In a randomized trial which compares 45 Gy of whole pelvic RT including elective 
nodal irradiation and 20 Gy boost dose with bladder-only irradiation of 65 Gy, no 
difference was found in the rates of pelvic nodal relapse and overall survival in 
patients with complete response [27]. Therefore, it may be reasonable to electively 
irradiate the pelvic lymphatic regions in patients that cannot receive concurrent 
chemotherapy.
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Fig. 3.1 (continued)

3.4.4  Planning Target Volume

Some authors define the whole bladder as PTV with a 1.5-cm margin to the unin-
volved outer bladder wall and the extravesical extent of the tumor with a 2-cm 
margin. In other instances, the PTV is formed with a 2-cm margin to the CTV in 
order to adequately cover all errors based on setup and organ motion. It was 
shown that the bladder wall can move beyond 1.5 cm at least once during a 
course of treatment in over 60% of patients and the GTV can move outside the 
PTV on at least one course of treatment in over 20% of patients [28–30]. Graham 
et al. [31] recommend adding margins of 1.6 cm anteriorly and posteriorly, 
1.4 cm laterally, 3 cm superiorly, and 1.4 cm inferiorly; however, this will cer-
tainly cause increased rate of radiation- related toxicity. Meijer et al. [32], on the 
other hand, recommend margins of 1 cm anteriorly and laterally, 1.2 cm inferi-
orly, 1.4 cm posteriorly, and 2 cm superiorly. To overcome this issue, daily 
image-guided therapy can be administered, or insertion of fiducial markers in the 
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Fig. 3.2 Boost volume delineation for a muscle-invasive bladder cancer patient treated with defin-
itive IGRT

bladder wall around the tumor bed can be another solution. The use of these 
techniques can decrease the margins <1.5 cm [33]. However, besides the move-
ment of the bladder, the change of its shape is also challenging. Therefore, mar-
gins for the PTV do not seem to be reduced at any time soon. The recommended 
margins for the PTV are 1–1.5 cm in all directions and 2–2.5 cm in the superior 
direction when using conventional RT [15]. The inferior margin can be reduced 
to 1 cm if the prostate or urethra has been included. One should also consider 
which walls of the bladder are involved by the cancer and the relative mobility of 
this particular portion of the bladder.
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3.5  Adjuvant Setting

If surgery is planned to a patient with bladder cancer, RT may have a role in the pre- 
or postoperative setting. Preoperative RT has been questioned because of the fact 
that it delays the time to definitive surgery and increases its morbidity, as well as it 
may compromise the surgeon’s ability to perform continent urinary diversions. On 
the other hand, the survival benefit of preoperative RT was only shown for clinical 
T3 and T4 tumors [34, 35]. The only prospective randomized trial of postoperative 
RT which includes patients with transitional cell and squamous cell bladder cancer 
revealed increased local control and disease-free survival rates compared to obser-
vation after surgery [36]. However, the morbidity of postoperative RT is higher than 
preoperative RT because of the large volumes occupied by the small bowel after 
cystectomy. It was reported that the incidence of small bowel obstruction was >30% 
with 50 Gy in conventional fractionation [37]. Therefore, preoperative RT is a safer 
option; however, if postoperative RT is to be administered, dose reduction is recom-
mended with a small RT field in order to minimize radiation-induced toxicity.

 Conclusion
Patient-based treatment planning is the standard approach in bladder cancer RT. 
Recommended simulation and delineation techniques are summarized in this  chapter. 
If these recommendations are applied in clinical practice, the variations in treatment 
techniques between institutions can be minimized.
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in Bladder Cancer
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Abstract
Intravesical therapies with close monitoring are adequate for superficial disease, 
and chemotherapy and palliative radiotherapy are the main treatment options in 
metastatic stages. For muscle-invasive disease, treatment strategies are basically 
divided into two groups: surgery vs. trimodality treatment (TMT) that involves 
transurethral resection (TUR) of tumor tissues and concurrent radiochemother-
apy (RCT); radiotherapy (RT) monotherapy is not recommended as primary 
curative option, and multimodality treatment is currently regarded only as an 
alternative in selected, well-informed, and compliant patients in whom cystec-
tomy is not considered for clinical or personal reasons.

4.1  Introduction

Bladder cancer is the fifth most common malignancy in men, accounting for 5% of 
all cancer in males, and the ninth most common cancer in men and women com-
bined [1]. Even though histological types may vary from countries, vast majority of 
the patients had urothelial (transitional cell) carcinoma histology. However, squa-
mous cell carcinoma increases with schistosomal infection [2]. Mainly, urinary 
bladder cancer has three stages: superficial, muscle-invasive, and metastatic disease. 
Localized bladder cancer is divided into non-muscle-invasive (Ta, T1, Tis) and 
muscle- invasive (T2a–T4b) disease.
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Intravesical therapies with close monitoring are adequate for superficial disease, 
and chemotherapy and palliative radiotherapy are the main treatment options in 
metastatic stages. For muscle-invasive disease, treatment strategies are basically 
divided into two groups: surgery vs. trimodality treatment (TMT) that involves 
transurethral resection (TUR) of tumor tissues and concurrent radiochemotherapy 
(RCT). In many regions of Europe, radical radiotherapy is the treatment and cystec-
tomy is reserved for nonresponding or recurring patients, while in the USA, treat-
ment of muscle-invasive bladder cancer almost always entails a radical cystectomy. 
Although the current “European Association of Urology” [3] guidelines suggest 
radical cystectomy as the standard treatment for localized muscle-invasive bladder 
cancer, radiotherapy (RT) monotherapy is not recommended as primary curative 
option, and multimodality treatment is currently regarded only as an alternative in 
selected, well-informed, and compliant patients in whom cystectomy is not consid-
ered for clinical or personal reasons [4].

Radiotherapy plays an important role in organ-sparing oncological treatment 
regimens in most cancers. Although RT has been used in the management of blad-
der cancer for decades, it has not been widely accepted as a sole treatment to 
achieve bladder preservation; however, it has been largely ignored in the quest for 
the cure of locally advanced bladder cancer. Innovation in technology lets the radi-
ation oncologists to make more comprehensive approaches. It is feasible to protect 
the normal tissues while delivering higher doses to tumor within new modalities. 
As a consequence of higher doses, improvement in local control may be acquired. 
In this chapter, we mainly assess the current role of RT and novel approaches in the 
treatment of urinary bladder cancer, focusing on TMT in muscle-invasive bladder 
cancer (MIBC).

4.2  Management of Non-muscle-Invasive Bladder Cancer

The majority of the patients with bladder cancer are diagnosed in the early stages. 
Non-muscle-invasive bladder cancer (NMIBC) consists of Ta, Tis, or T1 lesions. 
Although T1 bladder cancer is accepted as superficial tumor, lamina propria inva-
sion is observed, that is rich in blood vessels and lymphatics causing hematoge-
nous and lymphatic metastasis. The main treatment of such disease includes TUR 
of bladder tumor (TUR-BT) with or without intravesical chemotherapy and/or 
immunotherapy since it has a high risk of recurrence and progression to muscle-
invasive disease [5, 6]. This choice is based on risk factors such as stage (whether 
the lamina propria is involved or not), tumor grade, tumor size, multifocality, 
whether the tumor is recurrent or not, and patient’s tolerance. The immunotherapy 
with bacillus Calmette-Guérin (BCG) is the treatment of choice for superficial 
bladder cancer, whereas intravesical chemotherapy usually consists of mitomycin-
C (MMC) [7, 8]. Also, intravesical gemcitabine may be used as a chemotherapeu-
tic agent in the treatment of NMIBC [9]. Immunotherapy or chemotherapy can be 
used alone or in combination. Maintenance therapy after TUR-BT is generally 
needed in patients with NMIBC.

O.C. Guler and C. Onal



87

In comparison to intravesical therapy, RT/radiochemotherapy (RCT) can provide 
advantage by treating the micrometastases in the deeper muscle layer and pelvic 
lymph nodes which are seen in 5–10% of pT1 lesions [10].

Disease that is refractory to immunotherapy and/or chemotherapy, progression to 
muscle-invasive disease, and recurrent diseases that cannot be managed endoscopi-
cally are candidates for surgery. Duncan et al. [11] reported a local control rate of 
28% and 5-year overall survival rate of 61% in 190 patients treated with bladder- 
only RT. In a study by Gospodarowicz et al. [12], the local control and disease- 
specific survival rates were 20% and 32%, respectively, for multiple tumors. All of 
these studies are based on RT-only regimen. However, there are a few data assessing 
the role of RCT for NMIBC. Weiss et al. [13] reported treatment outcomes from 141 
patients with high-risk T1 bladder cancer treated with initial TUR-BT followed by 
RT alone or RCT. The RT dose was 55.8 Gy administered 4–6 weeks after TUR-BT 
with pelvic nodes receiving a median dose of 50.4 Gy. Although complete response 
rates at the first cystoscopy were similar in RT and RCT groups (82% vs. 87%), 
5-year failure rate was higher in RT group compared to RCT arm (64% vs. 46%). 
With a median follow-up of 62 months, 10-year OS and DSS rates were 51% and 
7%, respectively, and 50% of overall patients had their bladder preserved. In a ran-
domized trial of 210 patients, the study by Harland et al. [14] examined the efficacy 
of RT for pT1G3 disease. Thirty-seven centers compared radical radiotherapy with 
standard conservative therapy in patients with unifocal disease with no carcinoma in 
situ (CIS) and radical radiotherapy alone vs. intravesical therapy in patients with 
multifocal disease or CIS. After a median follow-up of 44 months, no survival ben-
efit was observed with RT.

4.3  Treatment of Muscle-Invasive Disease

4.3.1  Monotherapy

Radical cystectomy is still accepted as the gold standard treatment for MIBC [15]. 
This surgical procedure includes removal of whole bladder and dissection of 
regional lymph nodes. Additionally, the prostate and seminal vesicles are removed 
in men, and the uterus, cervix, ovaries, and anterior vagina are removed in women. 
This operation is usually performed using an open technique. Since high periopera-
tive complication rates of open RC, minimally invasive surgical techniques such as 
laparoscopic or robotic surgery have been explored. Despite all these techniques, it 
is not possible to avoid potential morbidity or mortality of RC. Also bladder preser-
vation therapies have a remarkable quality-of-life (QOL) advantage with similar 
oncological outcomes.

Urothelial bladder cancer is sensitive to cisplatin-based chemotherapeutics, with 
survival benefit demonstrated in patients with MIBC. Neoadjuvant chemotherapy- 
only regimen is widely used in perioperative settings in locally advanced patients 
[16]. However, the benefit of adjuvant RT is still controversial. Although cisplatin- 
based chemotherapy regimens are widely used in patients with MIBC with 
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high-risk features after RC, there are no randomized clinical data that have been 
shown to date.

Bladder preservation therapies are basically divided into two groups: single 
modality and TMT. Single modality treatment consists of TUR alone, partial cystec-
tomy, RT, or chemotherapy alone. The results of such treatments have inferior out-
comes compared to RC or TMT. Two recently published results of comparative 
studies have reported similar 5-year and 10-year survival rates between radical cys-
tectomy and RT alone [17–19]. In a 10-year retrospective study with 458 patients 
undergoing RT or cystectomy, no significant difference in 10-year overall survival 
was observed between RT and radical cystectomy (22% vs. 24%) [19]. In a system-
atic review, the reported 5-year local control rate ranged between 35 and 45% with 
a 5-year OS of 25–40% with RT monotherapy [20]. Consequently, RT monotherapy 
is often reserved for patients deemed unsuitable for cystectomy because of advanced 
age or comorbidity. There are few studies demonstrating the effectiveness of RT as 
a treatment option in terms of local control and survival in elderly patients with 
locally advanced bladder cancer not suitable for cystectomy [21]. Langsenlehner 
et al. [21] reported complete response rates of 65% and local control rate of 53% 
after 3 years in 75 bladder cancer patients treated with 50–50.4 Gy course of con-
formal RT. However, 35% of patients died from bladder cancer.

4.3.2  Multimodal Approach

Optimal bladder preservation therapy is TMT and comprises TUR-BT followed by 
concurrent RCT. Preliminary studies demonstrated complete response rate to 
 endoscopic resection followed by chemotherapy was nearly twice that achieved by 
chemotherapy alone and addition of RT further improved disease-free survival with 
intact bladder [22–24]. The use of bladder-preserving strategies, such as combining 
RT and chemotherapy after maximal TUR is an effective alternative to radical 
 cystectomy [11, 13, 25–28]. The extension of TUR-BT is very important in this 
treatment, and it should be as complete as possible in maximally safe procedure.

Since the late 1980s several centers have investigated the bladder preservation 
strategy as an alternative to radical cystectomy. This strategy is multidisciplinary, 
entailing maximal TUR-BT, followed by combined RCT [13, 26, 29–38] (Table 4.1). 
Three centers (the University of Erlangen, Germany; the Massachusetts General 
Hospital [MGH], MA, USA; and the University of Paris V, France) together with 
the Radiation Therapy Oncology Group (RTOG) in a multi-institutional setting 
have the largest experience. All reached the conclusion that patients who completely 
respond to TMT (61–87% in different series) are those who shall reap the benefits 
of long-term survival, while for those who cannot attain CR, cystectomy is the 
appropriate option. Cystoscopy is performed after a few weeks of RCT to assess the 
treatment response. If any residual disease (macro- or microscopic) remains, blad-
der preservation is aborted by cystectomy. On the other hand, if CR is achieved, a 
consolidation phase of RCT is carried out. The Massachusetts General Hospital 
reported the results of 348 patients with MIBC who were treated with combined 
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RCT [39]. The authors reported complete response (CR) rate of 72%, with 5- and 
10-year OS rates of 52% and 35%, respectively. The 5- and 10-year DSS rates were 
64% and 59%, respectively. Patients were excluded if they had pathologically 
proven positive nodes or hydronephrosis. All MGH protocols had in common the 
use of TUR-BT, concomitant cisplatin-based RT, and cystectomy if complete 
response was not achieved.

At the University of Erlangen, the authors retrospectively analyzed 415 patients 
with MIBC. The treatment included TUR-BT followed 4 weeks later by RCT up to 
a dose of 45–54 Gy to the bladder and pelvic nodes, and then whole bladder dose is 
boosted to 55.8–59.4 Gy total dose, depending upon the completeness of 
TUR-BT. Six to eight weeks after completion of therapy, response is assessed by 
cystoscopy. If the response is incomplete, cystectomy is indicated. The complete 
response rates for all patients and radiotherapy alone were 72% and 61%, respec-
tively. The 5- and 10-year OS rates were 51% and 31%, while salvage cystectomy 
rates were 20% [40].

The Bladder Cancer 2001 (BC2001) study was the first randomized study 
investigating the role of chemotherapy to TUR-BT followed by radiotherapy in 
MIBC [31]. The chemotherapy regimen consisted of 5-FU and MMC. The 2-year 
DFS was significantly improved in the combined treatment arm compared to RT 
alone (67% vs. 54%, p = 0.03). Also there was a trend favoring RCT arm in 
5-year OS rates (48% vs. 35%; p = 0.16). The National Cancer Institute of 
Canada (NCIC) investigated the addition of cisplatin chemotherapy to RT for 

Table 4.1 Bladder preservation trials

Author (year) n RT course
RT dose 
(Gy) OS CSS

CR 
(%)

Salvage 
RC (%)

aHousset et al. (1993) 54 Split course 44 (bid) 3y, 59% 3y, 62% 74 –
aShipley et al. (1998) 62 Split course 64.8 5y, 49% – 60 25.8
aJames et al. (2012) 182 Continuous 55–64 5y, 48% – – 11.4
aTunio et al. (2012) 200 Continuous 65 5y, 52% – 93 –
Kaufman et al. (2000) 34 Split course 44 (bid) – 3y, 83% 67 29.4
Hussain et al. (2004) 41 Continuous 55 Gy in 20 2y, 50% 2y, 68% 71 19.5
Peyromaure  
et al. (2004)

43 Split course 24 Gy in 8 
(bid)

– 3y, 75% 74.4 25.6

Kragelj et al. (2005) 84 Continuous 64 9y, 25% 9y, 51% 78 8.3
Cogna et al. (2006) 113 Continuous 64 – 5y, 50% 70 15
Weiss et al. (2007) 112 Continuous 55.8–59.4 5y, 74% 5y, 82% 88 17
Aboziada et al. (2009) 50 Split course 66 1.5y, 

100%
1.5y, 
84%

60 28

Choudhury  
et al. (2011)

50 Continuous 52.5 Gy  
in 20

5y, 65% 5y, 78% 82 14

Lagrange et al. (2011) 51 Split course 63 8y, 36% – – 33.3
Zapatero et al. (2011) 39 Split course 64.8 5y, 73% 5y, 82% 80 33

aProspective studies
Abbreviations: RT radiotherapy, OS overall survival, CSS cause-specific survival, CR complete 
response, RC radical cystectomy
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organ-sparing treatment modality [25]. There was a statistically significant 
reduction in pelvic recurrences in patients treated with concurrent RCT com-
pared to RT alone (29% vs. 52%); however, no statistically significant difference 
in OS was observed.

Several investigative protocols were carried out by the “Radiation Therapy 
Oncology Group” (RTOG). The first one, RTOG 85-12, consisted of induction RT 
with cisplatin; thereafter patients with complete response received additional RT 
and a third dose of cisplatin [41]. In RTOG 88-02 study, the toxicity of adding neo-
adjuvant, cisplatin, methotrexate, and vinblastine (CMV) to the combined treatment 
was evaluated [42]. The good tolerability of the regimen in this study led to RTOG 
89-03, a randomized phase III trial assessing the efficacy of neoadjuvant CMV [27]. 
However, this study was stopped early due to unacceptably high toxicity rates in the 
CMV arm. Moreover, the addition of neoadjuvant CMV did not show any benefit in 
terms of complete response and overall survival or bladder preservation rates. 
RTOG 95-06 evaluated the accelerated hypofractionated scheme [30]. Although 
overall survival and bladder preservation rates were encouraging, grade 3 or more 
genitourinary toxicity rates were a concern. RTOG 97-06 also evaluated the efficacy 
of hypofractionated RT scheme [43]. In RTOG 99-06, paclitaxel was added to the 
concomitant cisplatin and gemcitabine in the adjuvant setting leading to an excel-
lent complete rate of 87% [44].

Radiation dose and schedule vary within countries, but the most acceptable 
fractionation is 40–46 Gy to the pelvic lymph nodes and bladder with a boost to 
tumor a total dose of 60–66 Gy. Cisplatin is the most common concurrent chemo-
therapy agent. The main goal of this chemotherapy is being a radiosensitizer. After 
performing TUR-BT, the bladder preservation protocols usually belong to one of 
the three categories (Fig. 4.1). In the first scheme RT is delivered to patients who 
attain pathological complete remission after a full dose of chemotherapy. The sec-
ond scheme includes induction chemotherapy with two to three cycles of CMV and 
then RCT for the responders. The third scheme entails concomitant RCT either 
with moderate dose followed by cystoscopy and consolidation RCT or to give 
high-dose RCT and to perform cystoscopy after completion of the dose. For all 
schemes, cystectomy is indicated for those who attained non-complete response. A 
cystoscopy with re- biopsy should be performed for assessment of therapy response. 
This evaluation could be done at the end of TMT (continuous course) or before 
planning to the boost volumes after 40–46 Gy (split course). In the latter, patients 
responding to the treatment were treated for boost to the tumor, while nonre-
sponders were offered for salvage RC. Five-year overall survival (OS) and cancer-
specific survival rates range from 36% to 74% and 50% to 82%, respectively. 
Salvage cystectomy rates were 25–30% [45].

Advanced age is not a contraindication for TMT. As older patients are more 
likely to have significant comorbidities, treatment should be interpreted carefully. 
Especially kidney function test (BUN and creatinine), electrolytes, and fluid intake 
should be taken into consideration with attention. RTOG pooled analysis of patients 
aged 75 or more showed no significant differences in CR or DSS.
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4.4  Metastatic Disease and Recurrences

Distant metastasis is much more frequent compared to local control in bladder can-
cer. In patients with RC, 5-year locoregional control rates are up to 80%, but 5-year 
OS was ranging from 40 to 60% [16, 46]. Cisplatin and gemcitabine are the treat-
ment of choice in most patients with metastatic bladder carcinoma. Response rates 
to the first-line treatment are satisfactory, but eventually most of the patients develop 
progression and need second-line treatment. It is hard to mention cure in metastatic 
disease, but patients with node-only metastatic disease or lung carcinoma may be 
cured by chemotherapy. Radiotherapy is always an integral part of treatment in 
patients with metastatic disease. As in other cancer types, it may be used for pallia-
tive intent for local disease such as the bone or brain. Hematuria is the most com-
mon cause to refer to radiotherapy in patients with metastatic bladder cancer. Also 
stereotactic radiosurgery (SRS) has a potential in patients with a small number of 
metastasis in bladder cancer.

If TMT approach fails, management of the local recurrences may be challenging 
due to local side effects of such treatment. Salvage cystectomy is indicated for 
patients who develop invasive recurrences. In modern prospective series, salvage 
cystectomy rates were ranging from 11 to 26% [27, 31].

Maximal TUR-BT

Induction
chemotherapy

Neoadjuvant
chemotherapy

Cystoscopy

RCT

CystoscopyCystoscopy

Cystoscopy

CRCR

CR

CRNon-CR Non-CRNon-CR

Non-CR

Surgery

Surgery

Surgery SurgeryRCT RCTRT

RCT

Fig. 4.1 Bladder preservation protocols usually belong to one of the three categories
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4.5  Irradiation Techniques

Historically, most of the published data about bladder cancer RT is about two- 
dimensional conventional RT. Nowadays, 3D-conformal RT is the current standard 
in most of the clinical trials. IMRT has emerged as an option for image guidance. 
Advances in RT planning, verification, positioning, and delivery provide a means to 
optimize RT for bladder cancer and overcome difficulties, which have previously 
limited the success of this treatment, and also offer the opportunity to reduce the 
irradiated normal tissue volumes while delivering more intensive and increased RT 
dose.

Intensity modulated radiotherapy (IMRT) is a new technique which allows more 
accurate delivery of required doses or beyond to the tumor while protecting adjacent 
organs or structures. This technique is widely used in radiotherapy and replaced the 
three-dimensional radiotherapy (3D-RT) in the treatment of MIBC. Fractionation 
schedules and treatment fields vary from centers. There is no randomized trial com-
paring the conventional fractionation and BID. The most accepted approach is 
40–45 Gy to the entire bladder, prostatic/proximal urethra, and the lymph nodes in 
the pelvis following by boost 20 Gy to the tumor a total dose of 65–66 Gy. Treating 
only bladder for a total dose of 64 Gy in 2 Gy fractions is performed by some groups 
(i.e., the UK).

4.5.1  Simulation, Target Volume, and Fields

All simulations are performed with empty bladder in supine position. This makes 
more reproducible and predictable positioning of bladder. 3D-CT simulation is 
essential for treatment. Patients underwent 3-mm-slice-thickness CT from mid-L4 
to the lower edge of lesser trochanters. Intravenous contrast could be used in suspi-
cious cases, not as clinical routine.

Treatment of urinary bladder cancer involves two phases of RT. The pelvic lymph 
nodes, prostate, and bladder are target volumes in the first phase. The second phase 
boosts the bladder alone. The pelvic lymph nodes consist of obturator and internal 
and external iliac lymphatics. As there might be occult stromal invasion, prostatic 
urethra and the first 2 cm of proximal urethra need to be covered in men and women, 
respectively. The top border of the field starts at the level of the bifurcation of the 
common iliac vessels and does not include the entire pelvis (Figs. 4.2 and 4.3).

4.5.2  Tumor Localization

Tumor location is essential for determining the target volume. For this purpose, 
operative notes during cystoscopy and histology reports should be available, and 
cross-sectional imaging is mandatory. Standard supine position is the treatment 
position of choice. Computed tomography simulation is the gold standard for treat-
ment planning, for adequate coverage of the whole bladder [47]. Intravesical 
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contrast (30–70 mL) may also be administered via a catheter, with or without 
 additional air (15–30 mL). It is necessary to make sure that the use of contrast does 
not result in considerable difference of the bladder volume in planning and during 
daily treatment delivery [48].

Although there is no randomized trial favoring the inclusion of the pelvic nodes 
in the radiation volume, elective nodal irradiation aims at eradication of micrometa-
static disease in the pelvis. However, this approach results in irradiation of a large 
target volume, encompassing significant amounts of the small bowel and rectum. 
This can lead to greater gastrointestinal toxicity and potentially limit treatment 
intensification [49]. The question of whether to include lymph nodes or not in CTV 
has never been the issue of any randomized trial. Centers that irradiate the bladder 
alone do not report either increased pelvic failure rates or reduced survival, although 
direct comparisons are difficult [50]. Retrospective studies comparing patients 
receiving irradiation to the locoregional lymph nodes with patients treated with 
small fields to the bladder only showed a significantly worse treatment outcome on 
irradiation of the nodes [51].

However, the bias of treating the more advanced cases with locoregional nodes 
may be the reason for these inferior results [52]. However, reviewing the extended 
pelvic lymphadenectomy data in bladder cancer showed that several prospective 
and retrospective studies proved that the extent of lymphadenectomy and the 

Fig. 4.2 Treatment of urinary bladder cancer involves two phases of RT. The pelvic lymph nodes, 
prostate, and bladder are target volumes in the first phase
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number of dissected nodes determine the survival rates, even in node-negative 
patients [53]. This may reflect the importance of eradication of the disease in the 
lymph nodes, even in its microscopic form, and in bladder cancer end results. With 
the advancement in radiotherapeutic techniques, it is expected that radiation can 
improve the tumor control probability and reduce normal tissue complication prob-
ability in such patients.

4.5.3  Target Delineation

The CTV for irradiating the bladder should encompass the entire outer circumfer-
ence of the bladder, any extravesical disease spread, and any region deemed to be at 

Fig. 4.3 Beam eye views and dose volume histogram for the first phase of radiotherapy
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risk of microscopic disease spread whenever whole bladder irradiation is the plan. 
For 3D planning, gross tumor volume (GTV) is determined including the bladder 
with any extravesical extension. Upon irradiation of bladder tumor, the determina-
tion of the tumor is mostly guided by MRI-fused images and/or other diagnostic 
modalities, including cystoscopic bladder maps and fiducial markers placed 
transurethrally.

Macroscopic visible tumor on CT/MRI or cystoscopy is delineated as gross 
tumor volume (GTV), if possible. The entire bladder, pelvic lymph nodes (obtu-
rator, external and internal iliacs), and prostate and prostatic urethra in men and 
the 2 cm of the proximal urethra in women are included in the first phase of 
clinical tumor volume (CTV1). In the second phase of the treatment, pelvic 
lymph nodes were excluded from clinical tumor volume (CTV2). Small bowel 
and rectum are delineated at organs at risks (OARs). Individualized planning 
tumor volume (PTV) margins are used for each center. 1.5–2 cm is the most 
commonly used isotropic margins for CTV to PTV, and it may be reduced with 
IGRT. It is shown that bladder wall movement of more than 1.5 cm occurs at 
least once during a course of treatment in more than 60% of patients (Figs. 4.4 
and 4.5) [54].

Fig. 4.4 In the second phase of the treatment, pelvic lymph nodes were excluded from clinical 
tumor volume. Small bowel and rectum are delineated at organs at risks (OARs). Individualized 
planning tumor volume (PTV) margins are used for each center
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4.5.4  Doses and RT Schedules

There are two main RT schedules in the treatment of urinary bladder cancer. In the 
first one, CTV1 is treated up to 46 Gy and a boost of 65–66 Gy delivered to CTV2 in 
once-daily 1.8–2 Gy fractions, 5 days per week [25, 40]. In the second one, twice- 
daily concomitant boost is used, and CTV1 is treated up to 45 Gy in 1.8 Gy fractions 
and CTV2 is boosted to 67.5 Gy in 1.5 Gy fractions. Typically, 40–45 Gy is deliv-
ered to the pelvic lymph nodes and entire bladder, while the whole bladder boosts 
additional 20–24 Gy.

The major difference between these schedules is that the first regimen allows the 
physician to assess the early treatment response following the delivery of the first 
phase. Repeat cystoscopy/biopsy after 3 weeks of treatment break may distinguish 
the nonresponder patients and lead them to immediate radical cystectomy.

Fig. 4.5 Beam eye views and dose volume histogram for the second phase of radiotherapy (boost 
plan)
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4.5.5  IMRT and IGRT

Day-to-day variations in bladder size, shape, and position are the major technical 
difficulties in urinary bladder cancer RT. These variations may result in inadequate 
dose homogeneity while increasing the dose to surrounding normal tissues. Also, 
the need of larger treatment margins might result in the irradiation of significant 
volumes of small bowel and rectum. The use of fiducial markers may allow a 
decrease in PTV expansion. Daily image-guided therapy is the only way to reduce 
the margins significantly. Also, if the daily treatment is centered on the bladder 
rather than referenced to bony anatomy, smaller margins could be feasible.

Estimated bladder tolerance in partial bladder irradiation is 80 Gy if one third of 
the bladder is spared. Partial bladder irradiation does allow for the delivery of a higher 
dose to the tumor than whole bladder radiation without increase in morbidity [49].

4.5.6  Brachytherapy

Brachytherapy is combined with EBRT to provide a radiation boost to the primary 
tumor. Although there are no randomized trials comparing the radical cystectomy 
vs. EBRT + brachytherapy, in selected population, outcomes appear to be similar 
[55, 56]. Because of lacking clinical data, the use of brachytherapy is not recom-
mended in clinical routine.

 Conclusion

All the oncological approaches have the same primary goal: to cure the cancer. 
In this case, bladder preservation is a secondary consideration. TMT regimen has 
equivalent oncological outcomes to radical surgery with improved QOL not only 
for medically unfit patients for RC but also patients who desire to keep their 
native bladder. Radiotherapy plays an important role in nearly all stages of blad-
der carcinoma.
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5Systemic Therapy for Bladder Cancer

Nil Molinas Mandel and Selen Mandel

Abstract
The gold standard of muscle-invasive bladder cancer is radical cystectomy. Before 
surgery three cycles of neoadjuvant chemotherapy can improve the overall sur-
vival and decrease the risk of recurrence. For operated high-risk without neoadju-
vant therapy patients, adjuvant chemotherapy can be a good option. The primary 
treatment of metastatic bladder cancer is cisplatin-based chemotherapy. However, 
even though it is considered sensitive to chemotherapy, the average survival is 
15 months and even less if there is an organ metastasis. For these patients 5-year 
survival rate is 5–20%. Several studies have shown different mutations in muscle-
invasive bladder cancer. These mutations are being studied as a targeted therapy 
option for cases where chemotherapy is not sufficient. Although there is not a 
specifically approved treatment model for metastatic bladder cancer, targeted 
therapy is becoming a significant choice. According to the mutation analysis of 
the Cancer Genome Atlas (TCGA) project, there are three major pathway abnor-
malities in metastatic bladder cancer: regulation of cell cycle, RTK/RAS/PIK3, 
and chromatin abnormalities. The studies about the treatment of bladder cancers 
with cell cycle regulators, mTOR inhibitors, and EGFR inhibitors will be highly 
important in the future. Immunotherapy with the checkpoint inhibitors (an anti-
PD1 therapy with atezolizumab, durvalumab) improves survival.
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5.1  Introduction

Sixty percent of early stage bladder cancers turn into muscle-invasive cancer [1]. 
Among other cancer types, high-grade invasive bladder cancer and urothelial can-
cers are considered as chemotherapy-sensitive tumors. DNA-damaging agent “cis-
platin” is stated as the most effective drug for this particular cancer [2, 3].

5.2  Systemic Therapies in Muscle-Invasive Bladder Cancer

Even with the developments in surgical techniques, in muscle-invasive bladder can-
cers, 5-year survival rates for surgery alone are 48–66% [1–5]. For patients consid-
ered undergoing a radical cystectomy for invasive bladder cancers, it is suggested to 
give systemic chemotherapy prior to definitive surgery. Neoadjuvant chemotherapy 
decreases the risk of recurrence and prolongs the overall survival compared to sur-
gery alone [1, 4].

In 60–70% of patients with invasive bladder cancer, the cancer is limited to the 
bladder and does not spread to the lymph nodes [6]. The recurrence rate of those 
patients is 15–25% [7]. In 20–30% of the patients, the tumor is outside the bladder 
or invades the fatty tissue surrounding the bladder. The recurrence rate of the 
patients in this group is 45–55%. In 20–30% of the invasive bladder cancers, lymph 
node metastasis can be discovered during surgery [8]. These patients have poor 
prognosis, and the chance of disease-free survival is 25–35% [1, 7].

The prognosis is poor for patients with recurrence following a radical surgery. 
Neoadjuvant chemotherapy lowers the risk of recurrence [9]. However, the physi-
cian may decide to direct the patient to surgery first without neoadjuvant chemo-
therapy. This decision is based on the patient’s conditions as well as a physician’s 
experience with prior cases [4, 10]. Following the surgery, the patients are evaluated 
for prognosis based on the invasion level of the tumor and lymph node metastasis. 
High-risk patients of this group are candidates for adjuvant chemotherapy [7].

There are some disadvantages of neoadjuvant chemotherapy besides the advan-
tages which is listed as early treatment of microscopic disease, determination of 
in vivo chemotherapy sensitivity, and early treatment response to chemotherapy 
which could provide a sight of prognosis [10, 11]. Despite these listed advantages, 
the surgical stage of the current disease will not be known and unnecessary chemo-
therapy administrations could be possible, and thus the main disadvantage was the 
overtreatment with chemotherapy [11]. Also, chemoresistant patient’s subgroup 
could miss the cystectomy options as a treatment. The toxicity caused by chemo-
therapy would postpone the timing of effective surgery [12, 13].

Depending on the results of meta-analysis, cisplatin-based chemotherapy sche-
mas before definitive surgery provide 5–8% increase in overall survival [1]. Based 
on these results, neoadjuvant chemotherapy has to be discussed with patients diag-
nosed with muscle-invasive N0M0 [1, 9, 11, 13].

For adjuvant chemotherapy, an updated meta-analysis of nine randomized trials 
including 945 patients demonstrated an OS benefit [hazard ratio (HR) 0.77, 
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p = 0.049] and DFS benefit (HR 0.66, p = 0.014) among those who received 
cisplatin- based adjuvant chemotherapy [6]. The DFS benefit was increased among 
patients with lymph node involvement [6].

Radical cystectomy and extended lymphadenectomy are usually accepted to be 
the gold standard in treatment of muscle-invasive bladder cancer [14–20]. Bladder- 
sparing treatment approaches could be a reasonable approach for patients refusing 
radical cystectomy or patients with suitable tumor characteristics [14]. Concomitant 
radiochemotherapy (radiotherapy with cisplatin) is the most suitable and common 
way of treatment [15, 18, 19]. The initial prospective, randomized trial of radio-
therapy alone versus concomitant chemoradiotherapy in muscle-invasive bladder 
cancer demonstrated an improved local control rate when cisplatin was added to 
radiation therapy [5].

A cystoscopy with bladder biopsy is mandatory for response evaluation, either 
midway through treatment or 2–3 months thereafter. If persistent or recurrent dis-
ease is observed at response evaluation or during follow-up (cystoscopy and urinary 
cytology every 3 months during the first 2 years and every 6 months thereafter), 
prompt salvage cystectomy is recommended when possible [7]. Clinical criteria 
helpful in determining whether patients are ideal for bladder preservation include an 
early tumor stage (including high-risk T1 disease, T2 <5 cm), a visibly complete 
TURBT, an absence of associated CIS, and a ureteral obstruction and adequate 
bladder capacity and function [8, 15].

5.3  Treatment of Advanced and Metastatic Disease

5.3.1  DNA-Targeted Chemotherapy

First trials of chemotherapy in advanced high-grade bladder or urothelial cancers dem-
onstrated that a DNA-damaging cisplatin is an active drug [21]. Another active drug for 
metastatic bladder cancer is methotrexate. Combining cisplatin with an S-phase-
specific antifolate drug methotrexate demonstrated higher response rates [22]. 
Methotrexate irreversibly blocks thymidylate synthase and dihydrofolate reductase 
enzymes, making the cell be blocked at the S phase [23]. In the following studies, it is 
showed that adding vinblastine and doxorubicine to this two-drug combined therapy 
achieved higher response rates. In addition to partial response, it was seen that com-
plete responses could also be achieved [24]. Known as MVAC, this four-drug (metho-
trexate, vinblastine, Adriamycin (doxorubicin), and cisplatin) regimen is accepted as 
standard of care and used in different doses as well as dosage ranges [23]. It is seen that 
the addition of granulocyte colony-stimulating factor (G-CSF) in high-dose treatments 
achieved higher response rate; however, the toxicity is noted to increase accordingly. 
Following the 1990s, MVAC regimen is accepted as the first-line chemotherapy [25].

The search for an alternative to the highly toxic MVAC treatment has started. By 
the end of the 1990s, a synthetic pyrimidine antimetabolite gemcitabine was discov-
ered. Gemcitabine inhibits the DNA synthesis at the S phase, by inhibiting DNA 
polymerase and ribonucleotide reductase, thus halting cell cycle progression [22].
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The studies showed that gemcitabine, either alone or combined with cisplatin, is 
an effective agent in the treatment of advanced urothelial cancers. At a randomized 
phase 3 trial, with 505 metastatic bladder cancer patients, MVAC regimen was com-
pared to gemcitabine and cisplatin combination (GC) [22, 23]. Following this trial, 
GC was accepted as the first-line chemotherapy, since it had a better safety profile. 
Response rates were above 50%, and the overall survivals were 15 and 12 months, 
respectively [22, 23].

Poor performance score (Karnofsky PS of <80%) and the evidence of visceral 
dissemination are important poor prognostic factors for overall survival [21].

5.3.2  Targeted Therapies

In 2014, the comprehensive molecular characterization of muscle-invasive bladder 
cancer (MIBC) by the Cancer Genome Atlas (TCGA) Research Network produced 
many new insights into the genetic makeup of MIBC3 [26]. Integrated analysis of 
mRNA, microRNA, and protein expression in 129 muscle-invasive tumors yielded 
four distinct clusters resembling the intrinsic subtypes identified in breast cancer 
[27]. Clusters I and II were similar to luminal A breast cancer and had high mRNA 
and protein expression of differentiation markers, including GATA3 and FOXA1. 
Cluster III and IV tumors were similar to basal breast cancer and had high expres-
sion of stem/progenitor cytokeratins [27].

Genetic alterations in the mTOR, FGFR, EGFR, and HER2 pathways have long 
been recognized in subsets of bladder cancer. TCGA and other studies have identi-
fied actionable drug targets in over 60% of the tumors interrogated [26, 28]. 
Disappointingly, no trial to date has proven efficacy for any rationally designed 
targeted agent in advanced UC.

Several phase II studies were evaluating the role of angiogenesis inhibitors such 
as bevacizumab, sunitinib, pazopanib, sorafenib, aflibercept, mTOR inhibitors as 
everolimus, EGFR inhibitors as cetuximab, erlotinib, gefitinib, and HER2 inhibitors 
as trastuzumab [29].

5.3.3  Immunotherapy

Patients with metastatic urothelial carcinoma have few treatment options after fail-
ure of platinum-based chemotherapy [27, 30, 31].

The recent introduction of anti-PD-L1 (programmed death ligand 1) treatment 
for metastatic UC was met with great enthusiasm [30, 31]. PD-L1 negatively regu-
lates T-cell function by binding to its receptor programmed death 1 (PD-1 or B7-1) 
on activated T lymphocytes and other immune cells [30, 31]. The overexpression of 
PD-L1 in the tumor microenvironment is thought to be the mechanism by which 
tumor evasion of the host immune system occurs. Blockade of the PD-L1 pathway 
with a high-affinity engineered human anti-PD-L1 monoclonal immunoglobulin-
 G1 antibody (atezolizumab) was shown to improve objective response rate in a 
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heavily pretreated population with poor prognostic features [31, 32]. Extended 
median overall survival ranging from 7.9 to 11.4 months was observed. One-year 
overall survival ranged between 36% and 48% compared with the historic rate of 
20% from a pooled analysis [33].

Objective response rate, progression-free survival, and overall survival were 
found to be directly related to PD-L1 expression status on the infiltrating immune 
cells (ICs). In addition, treatment response correlated with mutation load and was 
found to be the highest in the luminal tumors subtyped within cluster II of the TCGA 
scheme [32]. The finding that PD-L1 was more efficacious in tumors with higher 
mutation load was consistent with patterns recognized in other malignancies [34]. 
Non-synonymous somatic mutations are thought to increase tumor neoantigen bur-
den, leading to increased T-cell recognition and more potent tumoricidal activities 
unleashed by PD-L1 treatment.

The primary analysis (data cutoff May 5, 2015) showed that compared with a histori-
cal control overall response rate of 10%, treatment with atezolizumab resulted in a sig-
nificantly improved RECIST v1.1 objective response rate for each prespecified immune 
cell group (IC2/IC3: 27% [95% CI 19–37], p < 0.0001; IC1/IC2/IC3: 18% [11–22], 
p = 0.0004) and in all patients (15% [10–18], p = 0.0058) [31]. With longer follow-up 
(data cutoff Sept 14, 2015), by independent review, objective response rates were 26% 
(95% CI 18–36) in the IC2/IC3 group, 18% [11–22] in the IC1/IC2/IC3 group, and 15% 
[10–17] overall in all 310 patients. With a median follow-up of 11.7 months (95% CI 
11.4–12.2), ongoing responses were recorded in 38 (84%) of 45 responders [31]. 
Exploratory analyses showed the Cancer Genome Atlas (TCGA) subtypes and muta-
tion load to be independently predictive for response to atezolizumab. Grade 3–4 treat-
ment-related adverse events, of which fatigue was the most common (5 patients [2%]), 
occurred in 50 (16%) of 310 treated patients. Grade 3–4 immune-mediated adverse 
events occurred in 15 (5%) of 310 treated patients, with pneumonitis, increased aspar-
tate aminotransferase, increased alanine aminotransferase, rash, and dyspnea being the 
most common. No treatment- related deaths occurred during the study [31].

Atezolizumab showed durable activity and good tolerability in this patient popu-
lation. Increased levels of PD-L1 expression on immune cells were associated with 
increased response. This report is the first to show the association of TCGA sub-
types with response to immune checkpoint inhibition and to show the importance of 
mutation load as a biomarker of response to this class of agents in advanced urothe-
lial carcinoma [31].

 Conclusion

Among other cancer types, high-grade invasive bladder cancer and urothelial 
cancers are considered as chemotherapy-sensitive tumors. DNA-damaging agent 
“cisplatin” is stated as the most effective drug for this particular cancer. The 
primary treatment of metastatic bladder cancer is cisplatin-based chemotherapy. 
Three cycles of neoadjuvant chemotherapy can improve overall survival and 
decrease the risk of recurrence. However, even though it is considered sensitive 
to chemotherapy, the average survival is 15 months and even less if there is an 
organ metastasis. For these patients 5-year survival rate is still poor.
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6Targeted Therapies and Immunotherapy 
in Bladder Cancer

Mehmet Ali Nahit Şendur and Sercan Aksoy

Abstract
Cisplatin-based combination chemotherapy is still the standard first-line regimen 
for the treatment of metastatic urothelial carcinoma. Although the efficacy of 
targeted therapies was shown in most of the solid tumors, no targeted agent was 
approved until now in bladder cancer. Due to the preliminary phase II results of 
gemcitabine, cisplatin plus bevacizumab demonstrated promising objective 
response rate, overall survival, and progression-free survival in the first-line 
treatment of metastatic bladder cancer; a phase III is ongoing. The major 
advances in understanding the genetic background of urothelial tumors open up 
a new therapeutic area. Although the application of checkpoint inhibitors in blad-
der cancer is in its starting phase, the available results suggest that patients with 
metastatic disease and positive programmed death-ligand-1 (PD-L1) expression 
will derive the highest clinical benefit. Atezolizumab, an anti-PD-L1 monoclonal 
antibody, was approved by the Food and Drug Administration for the treatment 
of patients with locally advanced or metastatic urothelial carcinoma whose dis-
ease progressed after previous platinum-based chemotherapy. Both pembroli-
zumab and nivolumab, anti-PD-1 monoclonal antibodies, demonstrated antitumor 
activity with tolerable safety in patients with recurrent or metastatic urothelial 
cancer patients. Combination therapies to treat bladder cancer, involving cyto-
toxic chemotherapy, antiangiogenic agents, and immune checkpoint inhibitors, 
are currently ongoing.
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6.1  Introduction

An estimated 76,960 new cases (58,950 men, 18,010 women) of urinary bladder 
will be diagnosed in the United States in 2016. Bladder cancer is the fourth most 
common diagnosed cancer in men and is more than three times prevalent than 
women [1]. Transitional cell carcinoma is the most predominant histologic type, 
and it accounts for 90% of all bladder cancers. Although most of the patients present 
with noninvasive bladder cancer, approximately 25% of the patients develop distant 
metastases either at the time of diagnosis or later [2].

Systemic chemotherapy is the cornerstone of treatment for unresectable or meta-
static urothelial carcinomas. The first-line standard of care in metastatic bladder 
cancer is platinum-based combination chemotherapy. Gemcitabine plus cisplatin 
(GC) combination or methotrexate, vinblastine, adriamycin, and cisplatin (MVAC) 
regimens are standard regimens in unresectable or metastatic urothelial carcinomas, 
if patients fit enough to tolerate cisplatin [2, 3]. MVAC is one of the standard first- 
line options based on the results of two randomized clinical trials [4, 5]. In a pro-
spective randomized trial, 110 patients with metastatic urothelial tumor were 
randomly assigned to MVAC or cisplatin, cyclophosphamide, plus adriamycin com-
bination chemotherapy regimens [4]. In this study, the objective response rate 
(ORR) (65 vs 46%; P < 0.05) and overall survival (OS) (median, 48.3 weeks vs 
36.1 weeks) were significantly higher in patients treated with MVAC regimen. In 
another randomized trial of 269 patients with advanced urothelial carcinoma who 
were randomly assigned to treatment with either MVAC or single-agent cisplatin, 
MVAC regimen is associated with significantly higher ORR (39 vs 12%; P < 0.0001), 
higher median progression-free survival (PFS) (10.0 vs 4.3 months), and higher 
median OS (12.5 vs 8.2 months; P = 0.0002) compared to the single-agent cisplatin 
arm [5]. In MVAC regimen, grade 3 or 4 leukopenia, mucositis, granulocytopenic 
fever, and drug-related mortality were more common compared to cisplatin single- 
agent arm.

In a randomized phase III trial in which 405 patients were randomly assigned to 
either GC or MVAC, similar ORR (GC, 49%; MVAC, 46%), similar PFS (7.7 months 
in GC and 8.3 months in MVAC), and similar OS (14.0 months in GC, 15.2 months 
in MVAC, HR, 1.09; 95% confidence interval (CI), 0.88 to 1.34, P = 0.66) results 
were reported [2, 6]. In MVAC group, compared to GC group, patients had more 
grade 3/4 neutropenia (82 vs 71%), neutropenic fever (14 vs 2%), neutropenic sep-
sis (12 vs 1%), mucositis (22 vs 1%), and alopecia (55 vs 11%). Until now, no sig-
nificant OS benefit was achieved with triplet regimens or sequential combination 
regimens in the first-line treatment of patients with metastatic urothelial carcinoma 
[7, 8]. Due to high tolerability and less toxicity compared to MVAC, these results 
strengthen the role of GC as a standard first-line regimen in patients with locally 
advanced and metastatic bladder cancer.

Cisplatin-based combinations are the standard first-line regimens, but carboplatin- 
based chemotherapy is frequently substituted due to ineligible for cisplatin or to 
improve tolerability. Although direct comparative effectiveness of cisplatin and car-
boplatin is lacking in randomized trials, a total of 286 patients with metastatic 
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urothelial carcinoma from four randomized trials were analyzed in a meta-analysis 
[9]. Although PFS and OS results were inadequate to compare cisplatin- and 
carboplatin- based regimens, cisplatin-based chemotherapy was significantly associ-
ated with higher rates of complete response (RR = 3.54; 95% CI 1.48–8.49; 
P = 0.005) and ORR (RR = 1.34; 95% CI 1.04–1.71; P = 0.02). Thus cisplatin-based 
combinations are associated with higher response rates.

In the randomized phase II/III EORTC 30986 trial, 238 chemotherapy-naïve 
patients unfit for cisplatin-based chemotherapy (glomerular filtration rate <60 but 
>30 mL/min) and/or a poor performance status (ECOG ≥2) were randomly assigned 
to treatment with carboplatin and gemcitabine or methotrexate, carboplatin, and 
vinblastine regimens [10]. There were no significant differences in OS (9.3 vs 
8.1 months, respectively, P = 0.64), PFS (6 vs 4 months, respectively), and ORR (41 
vs 30%, respectively) between the two treatment groups, but the incidence of severe 
acute toxicities was higher for patients treated with methotrexate, carboplatin, and 
vinblastine regimen. Thus gemcitabine plus carboplatin can be the first-line stan-
dard regimen for patients with advanced urothelial carcinoma unfit for cisplatin- 
based chemotherapy.

A number of chemotherapy drugs have single-agent activity in patients with 
metastatic urothelial carcinoma in previously treated patients such as platinum com-
pounds, gemcitabine, vinblastine, doxorubicin, epirubicin, methotrexate, paclitaxel, 
docetaxel, and ifosfamide mostly dependent phase II trials [11]. Unfortunately, 
responses to single-agent chemotherapy are generally of short duration with no con-
sistent improvement in survival. Vinflunine, a novel third-generation microtubule- 
inhibitor vinca alkaloid, is the only drug that tested in a valid randomized phase III 
trial in patients progressing after first-line treatment with platinum-containing com-
bination chemotherapy [12, 13]. In this study, a total of 370 patients with advanced 
transitional cell carcinoma of urothelial tract who progressed after first-line 
platinum- containing regimen were randomly assigned to vinflunine plus best sup-
portive care or best supportive care. Overall response rate, disease control, and PFS 
were all statistically significant favoring vinflunine plus best supportive care 
(P = 0.006, P = 0.002, and P = 0.001, respectively). Although, in the intent-to-treat 
population, no significant OS difference (6.9 vs 4.6 months, P = 0.287) was 
achieved, after adjusting for prognostic factors (HR = 0.77; 95% CI, 0.61–0.98, 
P = 0.036) and in the eligible population (n = 357), the median OS was significantly 
longer in vinflunine plus best supportive care than best supportive care group alone 
(6.9 vs 4.3 months, respectively, P = 0.040). This trial reached the highest level of 
evidence ever reported for second-line treatment. In Europe, vinflunine is the only 
approved chemotherapy drug in this setting, but there is no standard accepted 
second- line regimen all over the world.

Despite ORR, PFS, and OS rates were improved with cisplatin-based combina-
tions in patients with metastatic urothelial carcinoma, most of the patients pro-
gressed within 6–8 months, and median survival was not more than 15 months 
according to the previous randomized trials. The aim of this chapter is to review the 
results of new targeted therapies and immunotherapy in unresectable or metastatic 
bladder cancer.
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6.2  Targeted Agents

Molecular analysis identified genetic and epigenetic alterations in high-grade uro-
thelial carcinomas, and about 60% of these alterations can be targeted by drugs 
already approved for use in other indications or in clinical trials [14]. Previous stud-
ies showed the amplification of FGFR1, CCND1, and MDM2. Alterations in regu-
lators of G1-S cell cycle progression, such as TP53 and RB, FGFR3 mutations and 
translocations, and PTEN deletions can also occur. In addition to recurrent muta-
tions in the receptor tyrosine kinases, RAS/RAF, PI3K, AKT, and mammalian tar-
get of rapamycin (mTOR) pathways were identified [15, 16]. The RAS signaling 
pathway appears to have a major role in the development of low-grade, noninvasive 
lesions; 30–40% are characterized by activating mutations in the HRAS gene. 
Molecular analyses identified kinase-activating fibroblast growth factor receptors-3 
(FGFR3) gene fusions in up to 70% of urothelial cancers, an upstream tyrosine 
kinase receptor involved in cellular proliferation and angiogenesis [17].

In the Cancer Genome Atlas project, an integrated analysis of 131 urothelial 
carcinomas was investigated to provide a comprehensive landscape of molecular 
alterations [14]. In this comprehensive analysis, potential therapeutic targets were 
identified in 69% of the tumors, 42% of urothelial carcinomas had genomic altera-
tions targets phosphatidylinositol-3-OH kinase/AKT/mTOR pathway, and 45% had 
genomic alterations targets including ERBB2 RTK/MAPK pathway.

Although FGFR3 mutations are associated with cellular proliferation, differen-
tiation, migration, and angiogenesis, FGFR mutations are a common feature of low- 
grade noninvasive papillary urothelial bladder cancer; it rarely occurs in high-grade 
invasive bladder cancer. FGFR3 mutations are a common feature in noninvasive 
urothelial bladder cancer and occur at a lower frequency (12–15%) in high-grade 
metastatic urothelial carcinomas [14]. In contrary to FGFR3 mutations, FGFR1 
overexpression was observed in all stages of bladder carcinomas [18]. Tyrosine 
kinase inhibitors, monoclonal anti-FGFR antibodies, and FGF-trapping molecules 
that targeted FGFR are currently under development. In a phase II trial in patients 
with progressive advanced urothelial carcinoma, dovitinib, a FGFR3 included broad 
tyrosine kinase inhibitor, had very limited activity in both FGFR3-mutated and 
FGFR3 wild-type groups [19]. Phase I and II trials of BGJ398, a pan-inhibitor of 
FGFR, are still currently ongoing.

In the Cancer Genome Atlas project, 42% of urothelial carcinomas had genomic 
alterations targets phosphatidylinositol-3-OH kinase/AKT/mTOR pathway [14]. 
This pathway is an essential pathway involved in cell growth, cell survival, and cell 
metabolism. The role of buparlisib (BKM120), an oral PI3K inhibitor, is currently 
investigated in a phase II clinical trial in the second-line setting for patients with 
metastatic urothelial carcinoma. In a phase II study, 37 patients with advanced uro-
thelial carcinoma who progressed after platinum-based therapy were treated with 
everolimus, an mTOR inhibitor, 10 mg/day until progressive disease or unaccept-
able toxicity [20]. The primary endpoint disease control rate was 27% at 8 weeks. 
In a whole-genome sequencing analysis of 109 patients with metastatic bladder 
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cancer treated with everolimus, tuberous sclerosis complex 1 (TSC1) mutations was 
found in 8% of tumors and correlated with everolimus sensitivity [21].

The human epidermal growth factor receptor-2 (HER2) status is important for 
the management of early and metastatic breast cancer and for the metastatic gastric 
cancer, for both prognosis and prediction of the response to targeted therapies [22, 
23]. Approximately 15–25% of all breast cancers and 20% of all metastatic gastric 
cancers are HER2 positive and display gene amplification or HER2 overexpression 
[23–26]. Accurate determination of HER2 status may be of prognostic and predic-
tive value for the targeted therapies. In invasive urothelial bladder carcinomas, the 
true incidence of HER2 overexpression and/or amplification remains uncertain 
ranging from 23 to 80% for overexpression and from 0 to 32% for amplification 
[27]. Lae and colleagues investigated 1005 primary invasive urothelial bladder car-
cinomas for HER2 evaluation and reported that HER2 overexpression was found in 
9.2% of tumor samples and 5.1% of invasive bladder carcinomas had a HER2 gene 
amplification by FISH confirmation [27]. HER2-positive patients with metastatic 
urothelial carcinomas had more metastatic sites and visceral metastasis than did 
HER2-negative patients [28, 29]. Several clinical trials are currently ongoing to 
identify potential candidates for targeted therapy in locally advanced or metastatic 
bladder cancer patients with HER2 overexpression. A single-arm phase II study 
evaluating trastuzumab in combination with paclitaxel, gemcitabine, and carbopla-
tin in 44 patients with HER2-positive urothelial carcinoma showed a 70%, 9.3, and 
14.1 months response rate, median time to progression, and survival, respectively 
[28]. In another phase II trial, patients with advanced or metastatic urothelial carci-
noma overexpressing HER2 were randomly assigned to gemcitabine + platinum 
combination with or without trastuzumab [30]. In this trial, among 563 screened 
patients, 75 (13.3%) were HER2 positive (IHC 2+/3+ and FISH+). In both arms, no 
significant difference was found in terms of PFS, ORR, and OS. In a single-arm, 
prospective phase II study, 59 patients with locally advanced or metastatic transi-
tional cell carcinoma were treated with second-line lapatinib, an EGFR and a HER2 
inhibitor, and the primary endpoint ORR >10% was observed only in one (1.7%) 
patient [31]. The median OS was significantly prolonged in patients with tumors 
that overexpressed EGFR and/or HER2 (P = 0.0001). In a phase II/III, double-blind, 
randomized trial, 348 patients with HER1-/HER2-positive metastatic bladder can-
cer were randomly assigned to maintenance lapatinib versus placebo after first-line 
chemotherapy, and it shows that lapatinib maintenance did not improve the primary 
outcome PFS (4.6 months in lapatinib arm, 5.3 months in placebo, HR: 1.04, 
P = 0.77) [32]. Similarly, OS and ORR did not significantly differ with maintenance 
lapatinib in HER1-/HER2-positive metastatic bladder cancer. Despite promising 
therapeutic targets, EGFR inhibitors have not reached their goal in the clinic with 
disappointing activity in the treatment of urothelial carcinoma. Although previous 
trials targeting HER2 were inconclusive in metastatic urothelial carcinoma, new 
agents targeting HER2 may be more effective. Trastuzumab emtansine (T-DM1) 
has promising antitumor effects in preclinical models of HER2-positive bladder 
cancer models [33].
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In a phase II randomized trial to determine the efficacy of EGFR inhibition in 
urothelial cancers, 39 patients with chemotherapy-refractory metastatic urothelial 
cancer who have progressed after one previous treatment were randomly assigned 
to cetuximab with and without paclitaxel [34]. Although the single-agent cetuximab 
arm closed early due to 82% of first 11 patients progressed by 8 weeks, the combi-
nation arm showed 25% ORR with median 10.5 months OS. Cetuximab plus pacli-
taxel combination showed promising activity in the second-line treatment of patients 
with metastatic urothelial carcinoma.

Several antiangiogenic drugs have been approved in a different tumor types, but 
most of the majority of such agents failed to demonstrate clinical activity in 
advanced-stage urothelial carcinoma, either in monotherapy or in combination with 
cytotoxic chemotherapy [35, 36]. In a single-arm phase II study, chemotherapy- 
naïve patients with metastatic or unresectable urothelial carcinoma were treated 
with gemcitabine, cisplatin, plus bevacizumab combination as first line [37]. A total 
43 patients were treated with combination, and the ORR was 72%, PFS was 
8.2 months, and OS was 19.1 months. Due to gemcitabine, cisplatin plus bevaci-
zumab demonstrated promising OS and PFS; a phase III is ongoing.

6.3  Immunotherapy

Based on the immunogenic properties of some solid tumors, immunotherapy was 
launched as one of the treatment modalities in cancer therapy many decades ago. 
Bladder cancer is a highly immunogenic cancer type due to high mutational load 
which is associated with triggering the immune response as tumor antigens. 
Intravesical bacillus Calmette-Guérin (BCG) is the first Food and Drug 
Administration (FDA)-approved immunotherapy that significantly reduced the risk 
of recurrence in patients with noninvasive urothelial bladder cancer by stimulating 
immune response and thus is a standard treatment for non-muscle invasive bladder 
cancer [38, 39]. A systematic literature review of 13 randomized controlled trials 
(RCTs) with 2548 patients examined the role of receiving intravesical chemother-
apy immediately in patients with non-muscle invasive bladder cancer [40]. In this 
systematic review, recurrence-free interval prolonged by 38% (HR: 0.62; 95% CI, 
0.50–0.77; p < 0.001), and early recurrences were 12% less compared to control 
group population.

Immune system is well balanced between co-activator and co-inhibitor signals. 
Immune checkpoints are very important step for regulating host immune system by 
blocking immune response, preventing normal tissue damage, and autoimmunity. 
Programmed cell death protein 1 (PD-1), programmed cell death protein ligand 1 
(PD-L1), and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) are the main 
components of immune checkpoints [41]. Checkpoint inhibitors that targeted to 
CTLA-4 and PD-1 have been studied more extensively in solid tumors and demon-
strated significant response with these agents.

Cancer cell, which have abnormal antigen expression due to many genetics and 
epigenetic abnormalities, can be detected and eradicated by host immune system. 
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T cells are chief elements of the host immunity. Immune response is initiated by the 
recognition of tumor-specific antigen presented by the major histocompatibility 
complex (MHC) on the surface of antigen-presenting cells (dendritic cells, macro-
phage, etc.). After interaction between MHC and T-cell receptor (TCR), several 
co-stimulators are secreted for enhancing to immune response. Consequently, innate 
and adaptive immune systems are activated, and active immune systems detect and 
eradicate cancer cells before tumors become clinically apparent, also called immune 
surveillance. However, immune system is tightly regulated by co-stimulatory and 
inhibitory molecules; therefore, balance between stimulatory and inhibitory mole-
cules are crucial to maintain immune response. In the physiologic condition, co- 
inhibitor molecules can avoid excessive immune response and, consequently, 
prevent normal tissue damaged and autoimmunity.

PD-1, PD-L1, and CTLA-4 receptors located on the surface of the T-cell lym-
phocytes are demonstrated as a clinical target. PD-1 inhibits T-cell activation by 
interaction with PD-L1 (B7-H1) and PD-L2 (B7-DC) receptor expressed by tumor, 
stroma, and immune cells [42]. PD-1 is mainly expressed on activated T cell 
(CD4+–CD8+) and also natural killer and B cells and tumor-infiltrating lympho-
cytes (TILs) [43]. PD-L2 is also upregulated in dendritic cells, macrophage, and 
lymphoid tissue with response to microenvironmental stimuli [44]. Unlike PD-L1, 
PD-L2 is not usually overexpressed on the surface of tumor cells. Therefore, data 
about relationship with PD-L2 receptor overexpression and immune response was 
not known exactly yet.

In 2012, for the first time, the safety and activity of anti-PD-1 nivolumab was 
investigated in phase I trial, and it was reported that objective responses were seen 
in patients with advanced malignant melanoma or renal cell cancer or non-small cell 
lung cancer (NSCLC) [45]. In recent years, the significant activity of nivolumab 
was shown in different lines of patients with advanced malignant melanoma, renal 
cell cancer, and NSCLC, and the significant activity of pembrolizumab was shown 
in different lines of patients with advanced malignant melanoma and NSCLC 
according to the randomized phase III trials [46–51]. After the efficacy and marked 
improvement of the treatment response with anti-PD-1 inhibitors were shown in 
advanced malignant melanoma, NSCLC, and renal cell carcinoma, many trials are 
still ongoing in patients with other type of cancers. Recently, bladder cancers are 
also one of the fields where data evolve about the use of immune checkpoint 
inhibitors.

The role of PD-L1 was evaluated as a mechanism for local stage progression in 
urothelial carcinoma (UC) of the bladder. PD-L1 expression is associated with high- 
grade tumors and with advanced stage. In an immunohistochemical evaluation of 
high-grade urothelial carcinomas, PD-L1 expression was observed in 7% of pTa, 
16% of pT1, 23% of pT2, 30% of pT3/pT4, and 45% of carcinoma in situ (CIS) 
tumors [52]. In a pooled analysis of 61 studies in the literature, PD-L1 expression 
was reported in 44.9% of urothelial carcinomas [53].

Recent advances showed that anti-PD-1 and anti-PD-L1 agents as named check-
point inhibitors have demonstrated promising activity in bladder cancer [54, 55]. 
Atezolizumab (MPDL3280A) is a IgG1 monoclonal anti-PD-L1 antibody designed 
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to interfere with the binding of PD-L1 ligand to its two receptors, PD-1 and B7.1, 
thus restoring anticancer T-cell activity. In a single-arm, two-cohort, phase II, 
Imvigor210 trial, patients with inoperable locally advanced or metastatic urothelial 
carcinoma whose disease had progressed after previous platinum-based chemother-
apy received treatment with intravenous atezolizumab (1200 mg, every 3 weeks) 
[56]. PD-L1 expression on tumor-infiltrating immune cells was assessed prospec-
tively by immunohistochemistry: IC0 (<1%), IC1 (≥1% but <5%), and IC2/IC3 
(≥5%). Compared to historical cohort, ORR of 10%, treatment with atezolizumab 
resulted in a significantly improved primary endpoint ORR for each defined immune 
cell group (IC2/IC3, 26%; P < 0.0001; IC1/IC2/IC3, 18%, P = 0.0004) and overall 
in 310 patients (15%, P = 0.0058). The median PFS was 2.1 months in all patients 
and was similar in all immune cell groups. The median OS was 11.4 months in 
patients in the IC2/IC3 group, whereas it was 8.8 months in the IC1/IC2/IC3 group 
and 7.9 months in all immune cell groups. Atezolizumab showed good tolerability, 
no treatment-related deaths occurred during the study, and most treatment-related 
adverse events were mild to moderate in nature. Grade 3–4 adverse events occurred 
in 50 (16%) of 310 treated patients, and fatigue (2%) is the most common. These 
data moved atezolizumab for approval by the US Food and Drug Administration 
(FDA) in May 2016 in the treatment of patients with locally advanced or metastatic 
urothelial carcinoma whose disease has worsened during or following platinum- 
containing chemotherapy or within 12 months of receiving platinum-containing 
chemotherapy, either before (neoadjuvant) or after (adjuvant) surgical treatment.

In a recent single-arm, phase II study, previously untreated 123 patients with 
locally advanced or metastatic urothelial cancer who were cisplatin ineligible were 
treated with atezolizumab 1200 mg every 3 weeks [57]. The primary endpoint ORR 
was 23%; the complete response rate was 9% (n = 11). Median PFS was 2.7 months 
in all patients and 4.1 months in IC2/IC3 patients. Median overall survival was 
15.9 months with a 17.2 months follow-up. In conclusion, atezolizumab showed 
promising activity in untreated metastatic urothelial cancer who were cisplatin inel-
igible with good safety profile.

In the phase Ib KEYNOTE-012 study, patients with recurrent, metastatic, or per-
sistent urothelial cancer of the bladder, renal pelvis, ureter, or urethra were treated 
with pembrolizumab, an anti-PD-1 antibody [58]. Median follow-up was 13 months; 
ORR was 25%. Patients with ≥1% PD-L1 staining on tumor cells had a 33% ORR, 
whereas only 9% in <1% PD-L1 staining patients treated with pembrolizumab. PFS 
at 12 months was 19%, and median duration of response had not been achieved at 
the interim analysis. In phase I/II, CHECKMATE-032, open-label study, patients 
with urothelial carcinoma of the renal pelvis, ureter, bladder, or urethra whose dis-
ease progressed after previous platinum-based chemotherapy were treated with 
nivolumab, an anti-PD1 monoclonal antibody, 3 mg/kg intravenously every 2 weeks 
[59]. A total of 86 patients were enrolled, and ORR was 24.4% of 78 patients treated 
with nivolumab, and ORR did not demonstrate significant difference in ORR (24.0 
vs 26.2%) according to the PD-L1(+) and PD-L1(−) patients with metastatic uro-
thelial cancer, respectively. Median overall survival was 9.7 months with 46% 
1-year OS rate. Median overall survival was 16.2 months in patients with 
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PD-L1 ≥ 1%, whereas 9.9 months in patients with PD-L1 < 1%. Median PFS was 
5.5 months in patients with PD-L1 ≥ 1% and 2.8 months in patients with 
PD-L1 < 1%. Grade 3–4 treatment-related adverse events occurred 22% of patients. 
Both pembrolizumab and nivolumab demonstrated antitumor activity with tolerable 
safety in patients with recurrent or metastatic urothelial cancer patients.

Intravesical BCG immunotherapy is still the gold standard treatment of non- 
muscle invasive bladder cancer more than three decades. An alternative regulatory 
pathway that limits immune response in diseases including cancer has been recently 
elucidated. Immune checkpoint inhibitors have been found to play a major role in 
maintaining peripheral T-cell tolerance. In limited clinical trials, PD-1/PD-L1 
blockade has shown promise as salvage therapy for metastatic chemotherapy- 
refractory urothelial carcinoma. Atezolizumab, an anti-PD-L1 monoclonal anti-
body, was approved by FDA for the treatment of patients with locally advanced or 
metastatic urothelial carcinoma whose disease progressed after previous platinum- 
based chemotherapy. Understanding of PD-1 and PD-L1 as checkpoints in meta-
static disease suggests that its blockade may be useful in the treatment of patients 
with earlier-stage disease. Phase III trials of atezolizumab, nivolumab, and pembro-
lizumab are still ongoing in both early and advanced stages.

 Conclusion

Gemcitabine plus cisplatin is still a standard first-line regimen in patients with 
locally advanced and metastatic bladder cancer. A promising new immunothera-
peutic agent has arrived in the form of checkpoint inhibition.
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7Radiotherapy in the Management 
of Testicular Cancers

Berna Akkus Yildirim and Cem Onal

Abstract
Testicular cancers are the most common solid malignancies affecting males 
between the ages of 15 and 35 years, although it accounts for only about 1% of 
all cancers in men. Approximately 95% of testicular tumors are germ cell tumors 
(GCT). At diagnosis, 1–2% of cases are bilateral and 80% of patients are diag-
nosed at stage I. The risk factors for testicular cancers are family history, crypt-
orchidism, altered hormonal environment, low fertility, abnormal sperm analysis, 
and immunosuppression. For treatment purposes, two broad categories are rec-
ognized: pure seminoma (no non- seminomatous elements present) and all oth-
ers, which together are termed non- seminomatous germ cell tumors (NSGCT). 
Seminoma is highly sensitive to chemotherapy and radiotherapy (RT). The prog-
nosis of patients is generally good; cure is an expected outcome in the majority 
of cases, even with metastatic disease.

7.1  Clinical Presentation

The clinical presentation is mostly a unilateral testicular mass lump or painless 
swelling detected incidentally. Testicular pain is seen in approximately 10% of 
cases at presentation. Since most of the patients are diagnosed at early stages, symp-
toms related to metastatic disease are observed very rarely. Additionally, gyneco-
mastia is a rare presentation for embryonal carcinoma.
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7.2  Diagnostic Work-Up

Although pure seminomas do not have any specific serum tumor markers, certain 
cases can produce a small amount of β-hCG (beta-human chorionic gonadotropin) 
[7]. The β-hCG-secreting seminoma is a rare form of pure seminoma with an inci-
dence of about 10–20% [8]. Although an increase in serum β-hCG primarily reflects 
higher tumor burden, it does not reflect the metastatic potential [9]. β-hCG and 
alpha fetoprotein (α-FP), one or both, can be elevated in 80–85% of patients with 
disseminated NSGCT. Placental alkaline phosphatase (PALP) is another marker 
that may be elevated in 50% of patients with seminoma at presentation. The sensi-
tivity and specificity of PALP were 50 and 90%, respectively. Therefore, it has a 
very limited capacity for initial evaluation and follow-up of patients. The half-lives 
of β-hCG, α-FP, and PALP were 18–24 h, 5 days, and 24 h, respectively.

7.3  Lymphatic Drainage

A well knowledge of the pathways of lymphatic nodal spread is essential for the 
radiation oncologist in the planning of the radiation treatment of the retroperitoneal 
region. Approximately 4 to 8 lymphatic collecting trucks drain from the hilum of 
the testes and accompanying the spermatic cord up to the internal ring. These lym-
phatic trucks continue cephalad with vessels to drain into retroperitoneal lymph 
nodes between T11 and L4; mostly concentrated at the level of L1 to L3. The first 
echelon of lymph nodes draining the right testis is located in the inter-aortocaval 
region, followed by the precaval and pre-aortic nodes [7]. For left-sided tumors, the 
first nodal stations include the para-aortic lymph nodes, around the left renal hilus 
and to the inter-aortocaval nodes. Clinically, contralateral spread is common with 
right-sided tumors but is rarely seen with left-sided tumors and is usually associated 
with bulky disease [10].

7.4  Treatment for Seminoma

High inguinal orchiectomy that allows accurate staging and histological diagnosis 
of the tumor while ensuring the best local control is the standard initial treatment for 
suspected testicular carcinoma [11]. Organ-sparing orchiectomy is an alternative 
option for patients with bilateral testicular tumors, lesions in a solitary testis, or 
metachronous contralateral tumors. This approach allows endocrinological, fertil-
ity, and psychological advantages for the patient, especially in younger patient pop-
ulation [2]. The German Testicular Cancer Intergroup have reported prospective 
data on partial orchiectomy for 73 patients with a solitary testis or bilateral testicular 
tumors with organ-confined disease with no infiltration of the rete testis, tumor of 
<2 cm in diameter, a negative surgical margins [2]. After a median follow-up of 
91 months, 98.6% of patients had no evidence of disease, and only one patient died 
of systemic tumor progression.
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7.4.1  Stage I Seminoma

Clinical stage I seminoma patients have a substantial risk of locoregional lymph 
node micrometastases with a 20% risk of disease progression if no adjuvant therapy 
is administered after radical orchiectomy. A primary tumor size of 4 cm or more and 
invasion of the rete testis have been identified as independent prognostic factors for 
relapse [12–14]. Stage I pure seminoma has an excellent prognosis, with almost 
100% optimal cure rates that can be achieved with one of three treatment options 
[12, 15]:

• Active surveillance with treatment only in the case of relapse
• Adjuvant RT
• Adjuvant single-agent carboplatin

Taking into consideration of concerns about long-term complications of RT and 
chemotherapy, as well as the patient’s ability to comply with intensive surveillance, 
decisions regarding the management of stage I seminoma in any individual are thus 
complex (Fig. 7.1).

Stage IA, IB, IS
seminoma

Surveillance

Yes

Pelvic surgery inguinal
herniorrhaphy or orchiopexy

No Yes

Paraaortic RT to 20Gy
in 10 fractions

or
1–2 cycles carboplatin

Dog-leg RT to 20 Gy
in 10 fractions

or
1–2 cycles carboplatin

No

Fig. 7.1 Testicular seminoma treatment decision flow chart for clinical stage IA, IB, or IS 
disease
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7.4.1.1  Active Surveillance
In current practice, together with the presence of highly effective RT and 
 chemotherapy for salvage after relapse, post-orchiectomy surveillance is an 
alternative treatment approach [3, 16]. Surveillance policies offer the opportu-
nity to detect relapsing patients early while avoiding the morbidities. Although 
no prospective studies compare surveillance alone versus adjuvant RT or 
 chemotherapy, several large prospective nonrandomized studies of surveillance 
have been conducted over the past 15 years [12, 16–20]. Reports have demon-
strated the feasibility of surveillance protocols, particularly when associated 
with effective salvage regimens. However, there are some practical difficulties 
in follow-up because of the lack of sensitivity of specific serum markers and 
accurate diagnostic tools [17–19]. Consensus guidelines and large groups accept 
surveillance as an option, which can be offered to stage I seminoma patients 
following orchiectomy [12, 21].

In British Columbia and Canada study, a total of 649 patients with clinical 
stage I (545 patients), stage II (87 patients), and stage III (17 patients) were 
 analyzed [22]. For CSI, there was a progressive and marked decrease in the 
 utilization of prophylactic radiation (RT) and increased use of active surveil-
lance, from 10% in 1992 to 33% in 2002. A recent paper which analyzes retro-
spectively a total of 649 patients reports the evolution of treatment with an 
increased use of active surveillance for stage I disease (545 patients) without 
deaths related to seminoma [16].

According to numerous prospective nonrandomized studies, demonstrated 
relapse rate of stage I seminoma is 15–20% at 5 years, and usually of the relapses 
are first detected in infradiaphragmatic lymph nodes, and most patients are asymp-
tomatic at the time of detection. Some studies suggested that tumor size (>4 cm) 
and rete testis invasion are predictive factors for relapse, but others demonstrated 
that these factors were not predictors of relapse. Retrospective studies on surveil-
lance strategy analyze a total of 2483 patients with clinical stage I patients, 1139 
CSI non-seminoma and 1344 CSI seminoma managed with active surveillance, 
and the majority treated between 1998 and 2010 [21, 22]. The cumulative relapse 
rate of 13% (173/1344) occurs during median 14 months (range 2–84) of 
follow-up.

The predominant site of relapse is in the para-aortic lymph nodes in the DATECA 
(Danish Testicular Carcinoma Study Group) and in the Princess Margaret Hospital 
retrospective studies; 41 of 49 relapses (82%) and 54 of 67 relapses (89%) occurred 
in the para-aortic lymph nodes, respectively, while other sites of relapse included 
the pelvic lymph nodes (approximately 3% overall) and, very rarely, the inguinal 
nodes and the lungs [18, 19].

Another advantage of active surveillance is the avoidance of secondary malig-
nancy developed after irradiation of normal tissues during RT or chemotherapy, 
especially in men with early-stage seminoma who are expected to survive for 
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decades following treatment [23–26]. Recently, Travis et al. [23] analyzed 40,576 
1-year survivors of testicular cancer, with 2285 s solid cancers reported. The authors 
reported statistically significantly increased risks of solid cancers among patients 
treated with RT alone (RR = 2.0), chemotherapy alone (RR = 1.8), and both 
(RR = 2.9). For patients diagnosed with seminomas or non-seminomatous tumors at 
age 35 years, cumulative risks of solid cancer 40 years were 36 and 31%, respec-
tively, compared with 23% for the general population. Data on the association of 
infradiaphragmatic RT with subsequent cardiovascular disease are conflicting 
[26–29].

Besides these advantages, the main drawback of surveillance is the need for 
intensive follow-up and repeated imaging for at least 5–10 years after radical 
orchiectomy. The main disadvantage of active surveillance is the absence of con-
sensus regarding the optimum follow-up for these patients [13], which may poten-
tially cause excessive imaging tests, radiation exposure during imaging, anxiety 
related to the risk of recurrence, and especially patient incompliance for follow-
up [30, 31].

7.4.1.2  Radiation Therapy
Primary therapy for testicular seminoma involves radical inguinal orchiectomy. 
Seminoma cells are extremely radiosensitive, and RT has been widely used for more 
than 60 years and has an excellent long-term track record. This modality is still 
accepted as a standard management in pure seminomas [32]. For men with stage I 
disease that is confined to the testicle, approximately 80–85% require no further 
treatment [33]. Adjuvant RT improves the 5-year relapse-free survival rate up to 
96% [33]. Within this long period, some changes are seen in RT techniques, irradi-
ated fields, and RT doses.

Historically, RT was delivered using two parallel opposed anterior and posterior 
(AP-PA) fields that were defined with the help of bony landmarks. However, with 
this technique, high rates of geographic misses were reported [34, 35]. In order to 
diminish the marginal misses, CT-based RT planning is recommended [3]. There is 
a close spatial and developmental relationship between vasculature and lymphatics. 
So, blood vessels have been suggested as a landmark for the creation of a nodal 
clinical target volume (CTV) during RT planning [36, 37].

Patients with no history of pelvic or scrotal surgery before inguinal orchiectomy 
have traditionally been treated with opposed AP-PA fields from the top of the T11 
vertebral body to the bottom of the L5 vertebral body [38] (Fig. 7.2). Para-aortic 
nodal irradiation alone is not sufficient in patients with a history of pelvic or scrotal 
surgery, since the primary lymphatic drainage has been altered and may no longer 
be confined to the para-aortic region. In these cases, inclusion of ipsilateral iliac and 
inguinal nodes in classic dogleg AP-PA fields is indicated [39]. In AP-PA para- aortic 
fields, the lateral borders have been placed at the tips of the transverse processes. 
For right-sided tumors, the treatment comprises the paracaval, precaval, and 
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inter-aortocaval nodes. For left-sided seminomas, left renal hilus in AP-PA fields is 
additionally included. The inguinal orchiectomy scar and ipsilateral scrotal contents 
are not treated unless scrotal violation has occurred during surgery. Nodal mapping 
studies suggest that inclusion of left renal hilar nodes in a nodal CTV may be 
optional in a patient with a relatively lateral left kidney [39, 40].

Historically, the RT fields encompassed the para-aortic, ipsilateral external iliac 
lymph nodes and the orchiectomy scar with a total dose of 30 Gy delivered in 15 
fractions. This technique was known as the “dogleg field or hockey stick field” 

Stage IIA, IIB,
seminoma

Surveillance

No Yes

No Yes

Pelvic surgery inguinal
herniorrhaphy or orchiopexy

Dog-leg RT to 20 Gy

in 10 fractions, followed

by a 10 Gy in 5 fractions boost to

the adenopathy for stage IIA

or a 16 Gy in 8 fractions boost for

stage IIB

or

3 x PEB

or

4 x EP 

3 x PEB

or

4 x EP

or

Dog-leg RT to 20 Gy

in 10 fractions, followed

by a 10 Gy in 5 fractions boost to

the adenopathy for stage IIA

or a 16 Gy in 8 fractions boost for

stage IIB

 

Fig. 7.2 (a) Anteroposterior, posteroanterior para-aortic radiotherapy field and dose distribution 
in (b) sagittal and (c) coronal computed tomography images
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(Fig. 7.3). The fields spread generally up to the superior aspect of T10 or T11 down 
to the inguinal ligament extending below the ischial tuberosities. This was the stan-
dard method until the beginning of the 1980s. Since the 1990s, following the low 
pelvic relapse rates reported in stage I tumors and increased gastrointestinal toxici-
ties and secondary malignancy risk in long-term survivors, the indication for pelvic 
irradiation was challenged [41–43]. With omission of pelvic nodal irradiation, the 
preservation remaining testicular function will be possible, and the secondary can-
cer rates will be potentially decreased [44]. In Medical Research Council study, 478 
stage I seminoma patients were randomized to dogleg field or para-aortic irradiation 
with a total dose of 30 Gy delivered in 15 fractions [38]. The relapse rates were 
3.4% in the dogleg field irradiation arm, and all recurrences were localized above 
the diaphragm versus 4% in the para-aortic irradiation with 1.6% in the pelvis. In 
this study, the omission of pelvic field RT leads to reduction in acute toxicity and 
more rapid recovery of sperm count. Moreover, the linear dose-response model pre-
dicts that the aforementioned field reduction decreases second cancer risk by 45% 
[44]. In a prospective study with 675 patients with stage I seminoma conducted by 
the “German Testicular Cancer Study Group” (GTCSG), 5-year disease-free sur-
vival rate was 95.8% with a median follow-up of 61 months [34]. The reported 
isolated pelvic relapse rate was only 0.6%, without any “in-field” relapse. Nausea 
and diarrhea grade 3 were observed in 4.0 and 1.0% of the patients. Given a pelvic 
recurrence rate of approximately 2%, it is considered reasonable not to treat pelvic 
lymphatics and to treat para-aortic nodes only.

In order to decrease the toxicities and secondary malignancy risk, the RT dose is 
also reduced. Generally, the recommended dose is between 25 and 30 Gy delivered 
in 15–20 fractions. Several attempts have been introduced for dose reduction. The 
MRC TE18, “European Organization for Research and Treatment of Cancer Trial” 
(EORTC) 30942, is the only randomized study that evaluates a dose escalation, 
comparing 20 versus 30 Gy with conventional fractionation in 625 patients [45]. 
With a median follow-up of 61 months, 10 and 11 relapses, respectively, have been 
reported in the 30 and 20 Gy groups (hazard ratio, 1.11; 90% CI, 0.54–2.28). The 

a b c

Fig. 7.3 (a) Anteroposterior, posteroanterior “dogleg” radiotherapy field and dose distribution in 
(b) sagittal and (c) coronal computed tomography images
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absolute difference in 2-year relapse rates is 0.7%. The 20 Gy arm showed a slightly 
lower acute toxicity rate (moderate asthenia 5 vs 20%, work incapacity 28 vs 46%). 
In single-center or multicenter studies with a sufficient number of patients, the 
relapse rates were below 5%, and the relapses within the RT field were rare [45, 46].

7.4.2  Stage IIA/B Seminoma

Stage II seminoma is usually managed with RT or platinum-based combination 
chemotherapy regimens following orchiectomy. Surveillance is not an appropri-
ate option for patients with stage II seminoma, and therapeutic retroperitoneal 
lymph node dissection has been largely RT and/or chemotherapy [11]. However, 
no prospective randomized trial has been published to date for the treatment of 
stage II seminoma. The optimal treatment depends on the spread of lymph node 
invasion. After orchiectomy, the treatment of stages IIA and IIB seminomas with 
less than 2.5 cm nodal involvement (N2 < 2.5 cm) classically consists of RT 
(Fig. 7.4) [11, 12]. These patients generally respond well to curative RT with 
favorable clinical outcomes. The need of chemotherapy for these patients is still 
a matter of debate. Platinum-based chemotherapeutics (PEB, cisplatin, etopo-
side, bleomycin for three cycles, or PE, cisplatin, etoposide for four cycles, if 
there are arguments against bleomycin) were also used in some centers [27, 37]. 
Prognosis remains good both with reported 5-year survival rates about 95–100% 
[12, 47, 48].

Patients with more advanced disease with more than 2.5 cm nodes (IB stage with 
N2 between 2.5 and 5 or IIC stage) respond better to combined chemotherapy, 
despite a greater risk of toxicity compared to RT [49]. In these patients and in 
patients refusing RT, three to four cycles of PEB or PE chemotherapy represent a 
valid option depending of the prognostic group [66]. Unlike stage I disease, a single- 
agent carboplatin chemotherapy is not proven to be efficient compared to combined 
cisplatin-based chemotherapy regimens. Therefore, CHT plays an important role in 
stages IIB and beyond.

a b c

Fig. 7.4 Testicular seminoma treatment decision flow chart for clinical stage IIA and IIB disease
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The standard radiation field includes para-aortic region and the ipsilateral iliac 
field; in stage IIB field, the lateral borders should include lymph nodes with a safety 
margin of 1.0–1.5 cm (Fig. 7.5). In initial phase, the RT doses were 20 Gy delivered 
in 10 fractions or 25.5 Gy delivered in 15 fractions [45]. The second phase (cone 
down) of treatment consists of daily 2 Gy fractions to a cumulative dose of 30 Gy 
for stage IIA and 36 Gy for selected patients with non-bulky stage IIB disease [47] 
(Fig. 7.6). In stage IIA and IIB seminoma, the RT dose is between 30 and 36 Gy, 
depending on the size of the positive nodes. The gross tumor volume (GTV) is 
defined on the planning CT scan. A first clinical target volume (CTV1) includes the 
GTV with a 0.5 cm margin, and a second (CTV2) includes the lymphatic risk areas 
(identical to CTV in stage I disease). The PTV should comprise both the CTV1 and 
CTV2 with a 0.5 cm margin. In patient with lymphadenopathy measuring more than 
3 cm, the treatment of choice is chemotherapy, four cycles of etoposide and 

a b

Fig. 7.5 (a) Coronal and (b) axial computed tomography images with a 2.3 cm lymphadenopathy 
at para-aortic area in a representative patient

a b c

Fig. 7.6 Dose distribution of a representative patient with clinical stage IIB patients treated with 
tomotherapy with a 30 Gy total dose receiving para-aortic field and 36 Gy to lymphadenopathy
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cisplatin (EP) or three cycles of bleomycin, etoposide, and cisplatin (PEB), rather 
than RT alone [41, 50, 51]. Also for patients with stage IIA disease with multiple 
lymphadenopathies, chemotherapy with four courses of EP or three courses of PEB 
is a treatment of choice.

7.4.3  Stage IIC and III Seminoma

All stage IIC and III seminomas are considered as good prognostic risk group except 
for patients with stage III disease with non-pulmonary visceral metastases, which is 
considered as intermediate risk. Chemotherapy with three cycles of PEB [52] or 
four cycles of EP [52, 53] has been the standard of treatment in good risk group 
patients. For patients with intermediate risk group, more intensive chemotherapy 
[four cycles of PEB or etoposide, cisplatin, ifosfamide (VIP) (in the case of contra-
dictions to bleomycin)] is recommended.

7.5  Management of Relapse

Treatment of relapse depends on different parameters such as the nature of the 
initial treatment and the subsequent response, the localization, and the time since 
treatment. Most of the stage I seminoma patients who are under surveillance can 
be salvaged by RT or chemotherapy only, while surgery is not generally recom-
mended. In case of relapse after RT, the recommended treatment scheme is a 
chemotherapy which is identical to that used in stage IIC and III. In selected 
cases, re-irradiation is also possible if the relapse is late and localized and repre-
sents a small volume, such as a solitary adenopathy. In relapse after chemother-
apy, which occurs less than 3 months after one chemotherapy cycle, the disease is 
still considered to be sensitive to a platinum-based chemotherapy salvage treat-
ment, and the chemosensitivity persists even after the second or third chemo-
therapy cycles. The most used first-line salvage protocols are the VIP (cisplatin, 
etoposide, ifosfamide), TIP (paclitaxel, ifosfamide, cisplatin), or VeIP (vinblas-
tine, ifosfamide, cisplatin) schedules.

7.6  Follow-Up of After Treatment

After chemotherapy, the patients are generally evaluated with serum tumor markers 
and radiologic imaging (chest, abdomen, and pelvis). If marker level is normal and 
no residual mass or residual mass of £3 cm is observed, there is no need for further 
treatment. But, in case of residual tumor >3 cm and normal marker value, positron 
emission tomography (PET-CT) is recommended (Fig. 7.7). The PET-CT is usually 
performed at least 6 weeks after finishing chemotherapy. If technically dissected 
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feasible, retroperitoneal lymph node dissection (RPLND) may be consider when a 
positive PET-CT [54, 55].

7.7  Non-seminoma

7.7.1  Stage I Non-seminoma

For initial evaluation, CT of the abdomen and pelvic is essential, because up to 30% 
of non-seminoma patients with clinical stage I disease have subclinical metastases. 
Adjuvant treatment options after inguinal orchiectomy include surveillance, chemo-
therapy, and RPLND.

7.7.1.1  Stage IA
Two adjuvant treatment options exist for patients with stage IA tumor after orchiec-
tomy, surveillance and nerve-sparing RPLND. Although cure rates for each option 
is higher up to 95%, approximately 20–30% of patients experience relapse during 
surveillance. Approximately, 80% of these relapses occur in first year, 12% at sec-
ond year, and 6% at third year and decrease to 1% thereafter [56–58]. Surveillance 
can be safely offered for patients with stage IA disease, as long as patients should 
agree to be compliant for follow-up [59, 60].

In case of no metastasis detected in lymph nodes after RPLND, no adjuvant 
treatment is required. However, if the dissected lymph nodes are metastatic, 
adjuvant chemotherapy may be required. While the patients with N1 disease 
are preferred for surveillance, the patient with N2 or N3 disease requires adju-
vant chemotherapy regimens, either as EP or PEB. Two courses are recom-
mended for patients with N1 or N2 disease. Chemotherapy with four courses 
of EP or three courses of PEB is recommended for patients with N3 disease 
[54, 61, 62].

a b

Fig. 7.7 (a) Positron emission tomography demonstrating lymph node metastasis (arrow) with 
maximum standardized value of 20.4. (b) Complete response demonstrated in positron emission 
tomography taken 3 months after completion of therapy

7 Radiotherapy in the Management of Testicular Cancers



134

7.7.1.2  Stage IB
Two adjuvant treatments such as nerve-sparing RPLND or chemotherapy options 
exist for patients with stage IB tumor after orchiectomy. In a randomized trial con-
ducted by Albers et al. [63], one cycle of adjuvant BEP in patients with stage I non- 
seminoma paramount higher median 4.7 years recurrence-free survival compared to 
patients treated with RPLND only (p = 0.01). In other prospective nonrandomized 
trial, 5-year relapse rate was 3.2% for patient with lymphovascular invasion (LVI) 
who received one cycle of PEB and 1.6% for patients without LVI who allowed to 
choose between surveillance and one cycle of PEB [64]. After a median follow-up 
of 7.9 years, the relapse rate was 3.4% for those with LVI, and 1.3% for those with-
out LVI. The authors suggested that one course of adjuvant PEB should be consid-
ered as a standard treatment in CS I non-seminoma with LVI. However, the role of 
primary diagnostic RPLND has lessened, because of higher rates of in-field recur-
rences and of complications [63].

7.7.1.3  Stage IS
Patient with stage IS disease display a persistent rise of tumor marker after orchiec-
tomy, without no evidence of disease detected radiologically or clinically. According 
to NCCN guidelines, these patients may be treated with standard chemotherapy 
(either four course of EP or three course of PEB) or initial RPLND after 
orchiectomy.

7.7.2  Stage IIA/B

Treatment choice for patients with stage II non-seminoma is designed according to 
postsurgical tumor marker levels and radiological findings. Patient with normal 
post-orchiectomy tumor marker levels can be managed by primary RPLND or sur-
veillance [65, 66]. If surveillance is preferred, first evaluation is performed after 
6 weeks. A shrinking lesion is accepted as nonmalignant; on the contrary, a stable 
or growing lesion may address either teratoma or an undifferentiated malignant 
tumor. If the lesions grow with normal tumor markers (AFP, β-hCG), RPLND is 
required [65]. Patient with both enlarging lesion and elevated tumor marker indi-
cates treatment with systemic chemotherapy [67, 68]. An alternative approach to 
RPLND in marker-negative patients with doubtful of a malign tumor is a CT-guided 
biopsy, if technically feasibly [52].

Adjuvant treatment options after inguinal orchiectomy include chemotherapy or 
RT encompassing para-aortic and ipsilateral iliac lymph nodes to a dose of 30 Gy 
delivered in 15 fractions for patients with stage IIA disease. The chemotherapy regi-
mens include four courses of EP or three courses of PEB for patients with stage 
IIA. For patients with stage IIB disease with retroperitoneal lymph node metastases, 
two treatment options are available. First option is RPLN and adjuvant chemother-
apy same as stage IIA disease. Second option is to treat with primary chemotherapy 
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which includes four courses of EP or three courses of PEB, pursued by RPLND or 
surveillance. Moreover, RT with a dose of 36 Gy in selected non-bulky cases to 
include para-aortic and ipsilateral iliac lymph nodes may be used. Primary chemo-
therapy and primary RPLND have comparable treatment outcomes, but toxicity 
rates are different [69]. The relapse-free survival rate for either approach is close to 
98% [65, 70, 71].

7.7.3  Advanced Metastatic (IIC–III) Non-seminoma

The management for patients with advanced metastatic non-seminoma is che-
motherapy. Choice of chemotherapy regimen for these patients depends on the 
IGCCCG (International Germ Cell Consensus Classification) risk classifica-
tion [72].

7.7.4  Late Relapse

Late relapse is defined as relapses observed >2 years after completion of primary 
treatment. The late relapse incidence is 3.2% of non-seminoma cases [73]. If techni-
cally feasible, all lesions in late relapsing non-seminoma cases should undergo sur-
gical resection [52].

7.7.5  Brain Metastases

The prognosis of patients with brain metastases is poor [74]. If technically feasible, 
metastasectomy should be performed. For inoperable cases, RT and chemotherapy 
are accepted as treatment of choice [74–76].

7.7.6  Follow-Up of After Treatment

After chemotherapy, patients are evaluated with serum tumor markers and imaging 
investigation (chest, abdomen, and pelvis). PET-CT for residual disease has restric-
tive predictive value.

 Conclusion

Two major categories are recognized, pure seminoma (no non-seminomatous 
elements present) and all others, which together are termed non-seminomatous 
germ cell tumors (NSGCT). Seminoma is highly sensitive to chemotherapy and 
radiotherapy. The prognosis of patients is generally good; cure is an expected 
outcome in the majority of cases, even with metastatic disease.
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8Systemic Therapies in the Management 
of Testicular Cancers

Mehmet Ali Nahit Şendur and Sercan Aksoy

Abstract
Testicular cancer has become one of the most curable of solid tumors due to the 
prominent treatment advances beginning in the last 2–3 decades; it only accounts 
0.1% of cancer-related deaths. The availability of effective therapies and the devel-
opment of risk prediction models have increased the cure rate for testicular germ 
cell tumors (GCT) to approximately 95%. Approximately 70–80% of patients with 
seminomas and 30–60% of patients with nonseminomatous GCTs (NSGCT) pres-
ent with stage I disease, and about 80% of patients with stage I seminomas and 
70% of NSGCTs are cured with radical orchiectomy alone. The aim of this chapter 
is to summarize systemic therapies for testicular cancer especially GCTs.

8.1  Introduction

Testicular cancer is the most common malignancy affecting men between ages 15 
and 35. Although it accounts only 1% of all cancers in men, it accounts about 0.1% 
of cancer-related deaths. It is estimated that 8720 cases and 380 deaths occurred in 
the United States in 2016 [1]. Germ cell tumors (GCTs) account approximately 
95% of testicular cancers. Sex cord-stromal tumors, gonadoblastomas, adnexal and 
paratesticular tumors, carcinoid tumors, lymphomas, and metastatic tumors com-
prise approximately the remaining 5% of testicular cancers [2].
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Testicular cancer has become one of the most curable of solid tumors due to the 
prominent treatment advances beginning in last 2–3 decades; it only accounts 0.1% 
of cancer-related deaths [1]. Testicular germ cell tumors account most of the testicu-
lar cancers. Germ cell tumors consist of one predominant histologic pattern or mix 
of multiple histologic types. For treatment purposes, GCTs are divided into two 
categories: pure seminoma or nonseminoma. Nonseminomatous germ cell tumors 
(NSGCTs) consist of embryonal carcinoma, choriocarcinoma, yolk sac tumor 
(endodermal sinus tumor), teratoma, teratoma with malignant or somatic mutation, 
and mix germ cell tumors [3–5]. Nonseminoma tumors also include seminoma his-
tology with elevated alpha fetoprotein (AFP) levels.

Most patients with testicular cancer usually present with painless testicular mass 
which is confirmed with scrotal ultrasonography. Preoperative and postoperative 
serum tumor markers such as beta subunit of human choriogonadotropin (β-HCG), 
AFP, and lactate dehydrogenase (LDH) levels should be measured. Treatment of the 
primary tumor is radical inguinal orchiectomy with removal of the testis, and liga-
tion of the spermatic cord at the level of the internal ring is performed. After diag-
nosis, the extent of disease should be evaluated by chest x-ray, computed tomography 
of the abdomen and pelvis, and tumor markers. To determine the presence of lung, 
brain, and bone metastases, further radiologic evaluation should be performed if 
suspicious symptoms are present.

After histopathological evaluation of orchiectomy, clinical TNM (tumor-node- 
metastases) staging and risk evaluation should be done according to the International 
Germ Cell Cancer Consensus Group (IGCCCG) classification with post- orchiectomy 
tumor marker levels (Table 8.1). According to the this classification, prognostic 
factor-based staging system was developed, and easily applicable, clinically based, 

Table 8.1 IGICC risk classification

Risk status Seminoma Nonseminoma
Good risk Any primary site

No non-pulmonary visceral 
metastases
Normal AFP, any hCG, any 
LDH

Testis/retroperitoneal primary
No non-pulmonary visceral metastases
Good markers
AFP < 1000 ng/mL
hCG < 5000 iu/l
LDH < 1.5 × ULN

Intermediate risk Any primary site
Non-pulmonary visceral 
metastases
Normal AFP, any hCG, any 
LDH

Testis/retroperitoneal primary
No non-pulmonary visceral metastases
Intermediate markers
AFP 1000–10,000 ng/mL
hCG 5000–50,000 iu/I
LDH 1.5×–10× ULN

Poor risk No patients classified as poor 
prognosis

Mediastinal primary or non-pulmonary 
visceral metastases or poor markers
AFP > 10,000 ng/mL or hCG > 50,000 
iu/l or LDH > 10× ULN

ULN upper limit normal, AFP alpha fetoprotein, hCG human choriogonadotropin, LDH lactate 
dehydrogenase
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prognostic classification for GCTs has been agreed to good, intermediate, and poor 
prognostic groups [6].

The aim of this chapter is to summarize systemic therapies for testicular cancer 
especially GCTs.

8.2  Management of Stage I Tumors

Most patients with stage I testicular tumors are cured with radical orchiectomy. 
Approximately 70–80% of patients with seminomas and 30–60% of patients with 
NSGCTs present with stage I disease, and about 80% of patients with stage I semi-
nomas and 70% of NSGCTs are cured with radical orchiectomy alone [3, 7, 8].

In one retrospective study including data from 2483 clinical stage I GCTs man-
aged with active surveillance, relapse was reported in 19% of NSGCTs and in 13% 
of seminoma patients [9]. Median time to relapse was 6 and 14 months in NSGCTs 
and seminomas, respectively. Ninety percent of relapses occurred within 2 years in 
NSGCT group; 92% of relapses occurred within 3 years in seminoma group. In one 
study involving 1954 patients with stage I seminoma who were followed by active 
surveillance for a median of 15.1 years, the incidence of relapse was 18.9% at a 
median of 13.7 months. The 15-year disease-specific survival rate was 99.3% [10]. 
In a long-term population-based cohort, the relapse rate after orchiectomy alone 
was 30.6% at 5 years in 1226 NSGCT patients managed with active surveillance 
[11]. The relapse risk was 50% in the presence of vascular invasion, embryonal 
carcinoma, and rete testis invasion, 12% without these three risk factors. Eighty 
percent of relapses were diagnosed within the first year after orchiectomy. The 
median time to relapse was 5 months, and the disease-specific survival at 15 years 
was 99.1%.

After diagnosing stage I seminoma, active surveillance or adjuvant radiotherapy 
or adjuvant chemotherapy can be offered. Cisplatin-based combination chemother-
apy is the standard treatment for advanced testicular germ cell tumors for semino-
mas and NSGCTs. Single-agent carboplatin, rather than a cisplatin-based 
combination, has been used for stage I seminoma because it is associated with less 
toxicity than cisplatin-based regimens. According to the active surveillance data, 
risk of relapse was between 13% and 19% in stage I seminomas [9, 10]. In a phase 
III trial conducted by the European Organization for Research and Treatment of 
Cancer (EORTC), 1477 men with stage I seminoma were randomly assigned to 
adjuvant RT or a single course of carboplatin (AUC 7) [12]. The primary outcome 
relapse-free rates at 5 years were 94.7% and 96% for carboplatin and RT arms, 
respectively [13]. In addition to noninferiority of single agent of carboplatin to 
radiotherapy, reduction in the rate of contralateral GCTs was significantly reduced 
(carboplatin, n = 2; RT, n = 15; P = 0.03).

After diagnosing stage I NSGCT, active surveillance or retroperitoneal lymph 
node dissection (RPLND) or adjuvant chemotherapy can be offered. The risk of 
relapse was between 19% and 50% in stage I NSGCTs whether risk factors are pres-
ent or not [9, 11]. In the longest-term population-based cohort, the risk of relapse 
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was significantly associated with the presence of vascular invasion, the presence of 
embryonal carcinoma, and the presence of rete testes invasion [11]. In this cohort, 
5-year relapse rate was 50% if all risk factors were present and only 12%, if none of 
the risk factors were present. In randomized phase III trial comparing RPLND with 
one course of bleomycin and etoposide plus cisplatin (BEP) chemotherapy in the 
adjuvant treatment of clinical stage I NSGCTs, 382 patients were randomly assigned 
to receive either RPLND (n = 191) or one course of BEP (n = 191) after orchidec-
tomy [14]. The primary end point of the study was the rate of recurrence. Only two 
recurrences were observed in one course of BEP group, whereas 15 recurrences 
were observed in RPLND group with a median follow-up of 4.7 years (P = 0.001). 
Two-year recurrence-free survival rate were 99.46% and 91.87% in one course of 
BEP arms and RPLND arms, respectively. This study showed the superiority of one 
course of BEP over RPLND in the adjuvant treatment of clinical stage I NSGCT to 
prevent recurrence.

In the Swedish and Norwegian Testicular Cancer Group (SWENOTECA) trial 
which involved 745 patients with clinical stage I NSGCT, adjuvant BEP was recom-
mended for patients according to the present high-risk disease or not [15]. During 
active surveillance, disease relapse was observed in 41% and 13.2% in patients with 
present lymphovascular invasion (LVI) and in patients who did not have LVI, 
respectively. In patients who received one cycle of BEP, disease relapse was 
observed only in 3.2% of patients who had LVI and 1.3% of the patients who did not 
have LVI. In the updated results of SWENOTECA with a median of 7.9-year fol-
low- up, 5-year relapse rate in one course of BEP group was 3.2% and 1.6% for 
patients with LVI and without LVI [16].

Another option for stage I NSGCT is RPLND. The use of primary RPLND for 
clinical stage I NSGCT is both diagnostic and therapeutic. The main advantages of 
RPLND for patients with clinical stage I NSGST are the reduction for subsequent 
chemotherapy and the accurate staging. The relapse rate with RPLND is between 
20% and 30% [14]. In clinical studies, pathological stage II disease is found in 
about 15–35% of patients as a result of RPLND [17, 18].

In summary, all treatment approaches have 99% of cancer-specific survival with 
different relapse rates in both stage I seminoma and NSGCT. Thus, active surveil-
lance is a commonly recommended strategy for stage I seminoma. Surveillance is 
also recommended for stage IA (pT1 tumors; no vascular/lymphatic invasion and no 
invasion into the tunica vaginalis, spermatic cord, or scrotum) NSGCT patients who 
have a low risk for recurrence, whereas RPLND or 1–2 courses of BEP can be rec-
ommended to stage IB (pT2-4; vascular/lymphatic invasion or invasion into the 
tunica vaginalis, spermatic cord, or scrotum) [19–21].

8.3  Management of Stage II Tumors

Following orchiectomy, the optimal treatment for stage II disease depends upon the 
extent of lymph node involvement; stage IIA is defined as metastatic disease to 
lymph nodes, with a lymph node mass measuring less than 2 cm in diameter in 
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greatest dimension on CT scan, whereas stage IIB is a disease measuring 2 to 5 cm 
in maximum diameter and stage IIC is a disease measuring more than 5 cm in maxi-
mum diameter [20].

Radiotherapy has been the mainstay of treatment in patients with low-volume 
stage IIA and IIB seminomas. In the final report of a prospective trial of RT (to para- 
aortic and high ipsilateral iliac lymph nodes; 30 Gy for stage IIA and 36 Gy for 
stage IIB disease) for stages IIA/B testicular seminoma, excellent tumor control was 
achieved; relapse-free survival rates at 6 years were 95.3% and 88.9% for stage IIA 
and IIB groups, respectively [22]. For selected patients with stage IIB seminoma, 
such as those with adenopathy measuring more than 3 cm, chemotherapy with four 
courses of etoposide and cisplatin (EP) or three cycles of BEP is an alternative to 
radiotherapy. In a risk-adapted strategy in patients with stage II seminoma, radio-
therapy and cisplatin-based chemotherapy can be used. In a single-center study 
from Gustave Roussy, 3 cm was accepted as tumor size threshold above which 
individual patients were considered for chemotherapy in patients with stage II semi-
noma and relapses occurred in 30% and 27% of patients treated with radiotherapy 
and chemotherapy, respectively, with a median 9.4-year follow-up [23]. Five-year 
relapse-free survival rate was 71%, and 5-year overall survival (OS) rate was 97%. 
In a Spanish Germ Cell Cancer Group Study, 72 patients who had stage IIA (n = 18) 
or IIB (n = 54) disease were treated with four cycles of EP or three cycles of BEP 
[24]. Five-year PFS rates for patients with stage IIA or IIB disease were 100% and 
87% with a median 71.5-month follow-up. For stage IIA and IIB seminoma patients, 
chemotherapy is a highly effective and a good alternative to RT. Patients with stage 
IIC seminoma are considered as good risk according to the IGCCCG and treated as 
good-risk stage III disease.

Residual masses can be detected on radiographic evaluation after chemotherapy. 
Residual masses smaller than 3 cm in diameter are usually not resected and are fol-
lowed by observation. Masses larger than 3 cm carry a higher risk of containing 
seminoma, and 2–18 fluoro-deoxy-D-glucose positron emission tomography which 
is performed 6 weeks after completion of therapy is the best predictor of viable 
residual tumor in postchemotherapy seminoma residuals with higher specificity and 
sensitivity, positive predictive value, and negative predictive value compared to 
computed tomography evaluation [25].

Patients with a low-volume stage II NSGCTs (retroperitoneal lymph nodes 
<3 cm in diameter) and normal tumor marker levels after orchiectomy are generally 
treated with RPLND. Patients with higher-volume stage II disease or increasing 
levels of markers should receive chemotherapy (BEP for three cycles or EP for four 
cycles) if patients are in good-risk IGCCCG classification [26]. Cures are achieved 
in 95 to 99% of patients. Approximately 25% of patients with NSGCT have a resid-
ual mass, mostly in the retroperitoneum, after chemotherapy. Retroperitoneal lymph 
node dissection is the standard treatment after chemotherapy in patients with stage 
II or III disease who have had a serologic complete response but have persistently 
enlarged retroperitoneal lymph nodes ≥1 cm [27]. However, the management of 
small residual masses (≤1 cm) is controversial, with good outcomes reported with 
either RPLND or surveillance. A meta-analysis of RPLND after chemotherapy 
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showed necrosis in 71% of patients, teratoma in 24%, and active cancer in 4% [28]. 
In these meta-analyses, the relapse rate was only 5% among patients who under-
went surveillance and 3% among patients with RPLND only. The risk of relapse is 
approximately about 50% in patients with pathological N2 and N3 disease; thus, 
two cycles of EP can be recommended to patients with pathological N2 or N3. A 
treatment program of 50 patients that consists of two cycles of EP is effective in 
preventing relapses in patients with completely resected pathological stage N2 and 
N3 NSGCT [29].

8.4  Management of Stage III Tumors

For patients with advanced disease, the prognostic model that was developed by 
IGCCCG is very important to decide the treatment approach for both advanced 
seminoma and NSGCTs [6].

8.4.1  Seminoma

Patients with stage IIC seminomas are considered as good risk, and patients in stage 
III seminomas are considered as either good or intermediate risk. Patients with 
advanced seminomas are classified as having good risk if metastases are limited to 
the lungs and/or lymph nodes, regardless of the primary site, whereas patients with 
metastases at sites other than the lungs or lymph nodes are classified as having 
intermediate-risk disease. In a randomized 2 × 2 factorial design study of the 
European Organization for Research and Treatment of Cancer (EORTC) 
Genitourinary Tract Cancer Cooperative Group, the primary outcome 2-year PFS 
rates were 90.4% and 89.4% in three cycles and four cycles of BEP arms, respec-
tively; thus, in conclusion, three cycles of BEP was equal to four cycles of BEP in 
good-prognosis germ cell cancer, and also the administration of the chemotherapy 
in 3 days or 5 days has similar effect on the effectiveness in the BEP regimen [30]. 
Thus, for patients with good risk, three cycles of BEP or four cycles of EP are rec-
ommended. In contrast, more intensive (four cycles of BEP) chemotherapy is rec-
ommended for those with intermediate-risk seminoma [20]. Pure seminomas are 
never classified as poor risk.

8.4.2  NSGCTs

The treatment approach for patients with advanced disease depends on the IGCCCG 
risk classification [6]. Patients with advanced NSGCTs are divided into good-, 
intermediate-, and poor-risk categories. In addition to stage IS disease, persistently 
elevated post-orchiectomy serum tumor markers with normal imaging studies indi-
cate the presence of occult metastatic disease; therefore, these patients should be 
treated similarly with advanced (stage III) NSGCTs [31].
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Approximately 60% of patients with NSGCTs present with good-risk disease. 
For patients with good-risk advanced GCTs, cisplatin-based combination therapy is 
recommended. In a randomized trial of BEP versus carboplatin, etoposide, and 
bleomycin (CEB) for patients with good-risk metastatic NSGCTs, relapse rate was 
32% in carboplatin arm and 13% in cisplatin arm; thus, carboplatin should not 
replace cisplatin in patients with testicular cancer [32]. In a randomized study, for 
good-risk metastatic NSGCT, patients were randomly assigned to three cycles of 
BEP or four cycles of EP, and 4-year event-free survival rates were 91% and 86% in 
BEP and EP arms, respectively (P = 0.13); thus, both regimens are favorable and 
can be used for patients with metastatic good-risk NSGCTs [26].

Patients with intermediate-risk group include patients with nonseminomatous 
tumors with intermediate risk; poor-risk disease includes nonseminomatous germ 
cell tumors with non-pulmonary visceral metastases, poor-risk tumor markers, or 
primary mediastinal site [6]. For patients with intermediate- or poor-risk disease, 
four cycles of BEP was recommended rather than other platinum-based regimens 
[20]. There are no data to support the use of three rather than four cycles of BEP in 
this population. In addition, there are no data supporting the use of more than four 
cycles.

In a randomized clinical trial, 261 patients with disseminated GCTs were ran-
domly assigned to four cycles of BEP or vinblastine, etoposide, and cisplatin (PVB) 
regimen [33]. Although similar OS was reported in two treatment arms, signifi-
cantly higher complete response rate was reported in patients treated with BEP arm 
(77% vs 66%). Four cycles of BEP is the standard for patients with intermediate- 
and poor- risk NSGCTs, but to prevent lung toxicity of bleomycin in patients with 
lung metastases or underlying lung disease, the combination of ifosfamide, etopo-
side, and cisplatin (VIP) can be an alternative to BEP regimen [34–36].

In a randomized phase III trial of 219 patients with intermediate- or poor-risk 
GCTs randomly assigned to four cycles of BEP or two cycles of BEP followed by 
two cycles of high-dose chemotherapy (cyclophosphamide/etoposide/carboplatin) 
plus stem cell rescue [37]. The 1-year durable complete response rate was 52% after 
BEP plus stem cell rescue and 48% after BEP arm alone in patients with poor- 
prognosis GCTs (P = 0.53). In another randomized phase III EORTC 30974 trial 
comparing standard BEP with sequential high-dose VIP plus stem cell support in 
patients with poor-prognosis germ cell cancer, no failure-free survival and OS dif-
ference were reported [38]. Due to no additional benefit was observed with adding 
high-dose chemotherapy as part of first-line therapy, it is not recommended as first- 
line treatment for poor-risk NSGCTs.

In randomized phase III GETUG-13 (Groupe d’Etudes des Tumeurs Uro- 
Génitales) trial, the 203 men who had unfavorable decline in tumor markers (80%) 
after one cycle of standard BEP regimen were randomly assigned to treatment with 
three additional cycles of BEP or a dose-dense regimen that included paclitaxel, 
cisplatin, etoposide, oxaliplatin, and ifosfamide with continuous infusion bleomy-
cin [39]. Three-year PFS rates were 59% in dose-dense regimen and 48% in stan-
dard BEP regimen (P = 0.05). Personalized treatment with dose-dense regimen 
intensification significantly reduced the risk of progression with no OS benefit.
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Treatment options and relapse risk are summarized in Table 8.2 according to the 
results of randomized trials and population-based cohorts.

8.5  Salvage Therapy for Relapsed and Refractory Germ Cell 
Tumors

According to the IGCCCG risk classification, the risk of relapse significantly 
increases with intermediate or poor risk [6]. Five-year PFS rates were 82% and 67% 
for good- and intermediate-risk seminomas, respectively, and 5-year PFS rates were 
89%, 75%, and 41% for good-, intermediate-, and poor-risk NSGCTs, respectively 
[6]. Approximately 20% of patients with metastatic testicular GCTs will relapse 
after first-line chemotherapy [3].

The response to initial therapy (complete versus partial versus no response) and 
the duration of remission are important prognostic indicators. Progression of dis-
ease either during or within four weeks after completion of cisplatin-based chemo-
therapy is considered cisplatin-refractory disease. These patients have a very poor 
prognosis. A study from the International Prognostic Factors Study Group 

Table 8.2 Summary of recommendations and outcomes for seminomas and NSGCTs

Recommendation Relapse risk
Seminoma
Stage IA-IB Active surveillance

One-cycle carboplatin (AUC 7)
RT (20 Gy)

13–19%
5.3%
4%

Stage IIA RT (30–36 Gy)
Three-cycle BEP or four-cycle EP

5–30%

Stage IIB RT 36 Gy (nodes <3 cm)
Three-cycle BEP or four-cycle EP

11–30%
5–15%

Stage IIC Three-cycle BEP or four-cycle EP 9–15%
Stage III good risk Three-cycle BEP or four-cycle EP 9–15%
Stage III intermediate risk Four-cycle BEP 25–35%
Nonseminoma
Stage IA-IB Active surveillance

RPLND
One-cycle BEP

19–50%
15–30%
1–5%

Stage IIA RPLND
Three-cycle BEP or four-cycle EP

15–30%
1–5%

Stage IIB Three-cycle BEP or four-cycle EP
RPLND for selected cases

1–5%
15–50%

Stage IIC Three-cycle BEP or four-cycle EP 10–15%
Stage III good risk Three-cycle BEP or four-cycle EP 10–15%
Stage III intermediate risk Four-cycle BEP or four-cycle VİP 25–50%
Stage III poor risk Four-cycle BEP or four-cycle VİP 40–60%

BEP bleomycin-etoposide-cisplatin, EP etoposide-cisplatin, RPLND retroperitoneal lymph node 
dissection, RT radiotherapy, VİP ifosfamide-etoposide-cisplatin
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including 1984 patients with GCTs who progressed after at least three cycles of 
cisplatin-based chemotherapy and were treated with cisplatin-based conventional- 
dose or carboplatin-based high-dose salvage chemotherapy was retrospectively col-
lected from 38 centers [40]. In this study, five prognostic subgroups of relapsed 
patients were identified on the basis of histology, primary tumor location, response 
to first-line therapy, tumor marker concentrations, and location of metastases (liver, 
brain, and bone). Patients with gonadal primary tumors and low concentrations of 
serum markers, previous complete remission, or partial remission with marker nor-
malization had the best outcomes; 2-year PFS rates were 75% in very low-risk, 51% 
in low-risk, 40% in intermediate-risk, 26% in high-risk, and only 6% in very high- 
risk patients [40].

The optimal treatment of relapsed GCTs depends upon the response to prior 
therapy, the location and timing of the relapse, and tumor histology. Second-line 
therapy includes standard conventional chemotherapy or high-dose chemother-
apy. Patients who are not previously treated with chemotherapy at the time of 
recurrence should be treated with a cisplatin-based combination regimen such as 
BEP or EP regimens. If patients were treated previously, the conventional-dose 
regimens are cisplatin and ifosfamide combined with either vinblastine or pacli-
taxel [35, 41, 42].

Conventional-dose chemotherapy and high-dose chemotherapy can be used suc-
cessfully as salvage treatment for patients with metastatic GCTs after progression 
with first-line treatment. In a randomized phase III trial, 280 patients failing first- 
line platinum chemotherapy for advanced GCTs were randomly assigned to receive 
either four cycles of VİP or three such cycles followed by high-dose carboplatin, 
etoposide, and cyclophosphamide with hematopoietic stem cell support [43]. 
Similar response rates were observed in both treatment arms and high-dose salvage 
chemotherapy after three cycles of standard-dose chemotherapy had no effect on 
treatment outcomes. But complete responders with high-dose chemotherapy had 
significantly higher disease-free survival at 3 years (75 vs 55%, P < 0.04). In the 
retrospective comparison of conventional-dose chemotherapy and high-dose che-
motherapy in which high-dose and standard-dose chemotherapy were compared, 
high-dose chemotherapy was associated with 10–40% higher 2-year PFS rates and 
10–25% higher 5-year OS rates in almost all prognostic subgroups [44]. High-dose 
chemotherapy can be used as second-salvage treatment. The response rate was 55% 
with high-dose chemotherapy as second-salvage treatment in patients with multiple 
relapsed or refractory GCTs and remissions with a long-term survival rate was 
approximately 17% [45].

In patients who are resistant or refractory to cisplatin-based or high-dose sal-
vage chemotherapy, several drugs such as gemcitabine, oxaliplatin, paclitaxel, 
and oral low-dose etoposide as single agent or combination were associated with 
response rates of up to 20–50% mostly based on data from phase II trials [3]. 
Gemcitabine plus paclitaxel and gemcitabine plus oxaliplatin are the most com-
mon preferred combinations for palliative treatment of metastatic refractory 
GCTs [46–48].
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 Conclusion
Single-agent carboplatin, rather than a cisplatin-based combination, has been 
used for stage I seminoma because it is associated with less toxicity than cispla-
tin-based regimens. The treatment approach for patients with advanced disease 
depends on the IGCCCG risk classification. Conventional-dose chemotherapy 
and high-dose chemotherapy can be used successfully as salvage treatment for 
patients with metastatic GCTs after progression with first-line treatment.
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9Post-chemotherapy Retroperitoneal 
Lymph Node Dissection in Advanced 
Germ Cell Tumors

Bülent Akdoğan and Mesut Altan

Abstract
Post-chemotherapy retroperitoneal lymph node dissection (PC-RPLND) is 
 considered an important therapeutic and staging modality in advanced germ cell 
tumors (GCTs). An important step to better define the boundaries of PC-RPLND 
is to define the site of extra-template disease. Modified template RPLND causes 
less complications and better quality of life parameters; however, bilateral full 
template surgery accomplishes improved staging and better oncological out-
comes. Recent data shows that minimally invasive PC-RPLND has several limi-
tations, so it is not proven oncologically yet. It’s one of the most challenging 
surgeries in urology practice. PC-RPLND should be performed only in experi-
enced centers since it’s not only a difficult surgery associated with major compli-
cations but also it often requires implementation of additional major procedures 
for complete removal of residual masses. PC-RPLND is an integral part of the 
multidisciplinary management. Residual tumor surgery for advanced stage tes-
ticular tumors ends up with viable tumors in about 50% of cases.

9.1  Introduction

Although rare, the incidence of testis tumor shows significant differences between 
geographical areas. Between 1970 and 2004, the worldwide incidence raised from 
2.1 to 5.1 per 100,000 [1]. This rise was much more evident in seminoma and local-
ized disease [2, 3]. Of all, 95% of testis tumors are germ cell tumors (GCT) and are 
basically classified as seminoma and non-seminoma. At presentation, stage III 
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disease was detected in 33% of non-seminomas and 5% of seminomas [2]. One of 
the cornerstones in treatment of testis tumor is the discovery of cisplatin-based che-
motherapy; survival rate has reached 70% even for poor prognostic patients [4, 5]. 
Besides effective chemotherapy, radiotherapy, successful risk stratification of 
patients according to the International Germ Cell Cancer Collaborative Group 
(IGCCCG), and post-chemo surgery, all have made a major impact on survival as a 
multidisciplinary team approach.

Improvement in PC-RPLND surgical technique, better understanding of retro-
peritoneal lymphatic drainage, enhanced comprehension of metastatic mechanisms, 
and clarification of indications, all those experiences caused reduced complications 
and improve oncological outcomes. For advanced GCTs, PC-RPLND maintains its 
worth and importance.

9.2  PC-RPLND for Advanced NSGCTs

Indications for PC-RPLND in NSGCTs are well defined and have significant 
advantages. One of the most important PC-RPLND arguments is the presence of 
about 15% live tumor after primary chemotherapy [6, 7] (Fig. 9.1). Live tumor in 
residual mass is an independent poor prognostic factor for recurrence-free survival 
[8]. In a study by Fizazi et al., better survival was associated with the presence of 
<10% live tumor, complete tumor resection, and IGCCCG low-risk group for 
patients with viable tumor after PC-RPLND [9]. Another study showed 5-year 
progression-free survival (PFS) rate for PC-RPLND patients was 65% [10]. Both 
studies emphasized that complete resection of residual masses was considered as 
significant prognostic parameter.

Post-chemo residual masses are teratomas in 40% of NSGCT cases [11]. In a 
study including 210 teratomas after PC-RPLND, the rate of mature teratomas, 
immature teratomas, and malignant transformation was 85, 7, and 8%, respectively 
[12]. Besides its chemo-resistant nature, teratomas are associated with debilitating 

Fig. 9.1 Bilateral retroperitoneal metastasis of left testicular tumor, medializing aorta and vena cava
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complications such as “growing teratoma syndrome” and malignant transformation. 
These findings and associated risks enlighten the importance of surgery [13–15].

Should we do PC-RPLND for all the patients? Computed tomography (CT) or 
magnetic resonance imaging (MRI) findings are inadequate to determine the pres-
ence of a viable tumor or teratoma [16, 17]. Kollmannsberger et al. evaluated resid-
ual mass viability in 85 masses in 45 patients and reported that FDG-PET scans had 
59% sensitivity and 92% specificity [18]. A prospective study evaluated 60 residual 
tumors in 28 GCT patients after high-dose chemotherapy and concluded that PET 
seems useful in patients with stable disease or partial remission in CT/MRI and 
normal or marker-negative disease [19]. In another multicenter prospective study of 
121 patients with stage IIC or III NSGCT, it was reported that sensitivity and speci-
ficity of FDG-PET were 70 and 48, respectively [20]. Prediction of tumor viability 
with FDG-PET was correct in 56% and was not better than the accuracy of CT 
(55%) or markers.

Various models were constructed to better decide usefulness of either immediate 
resection of a residual mass or follow-up. Steyerberg et al. developed a statistical 
model predicting the histology necrosis, mature teratoma, or cancer after chemo-
therapy. Predictors of necrosis were defined as the absence of teratoma elements in 
the primary tumor, pre-chemo normal alpha-fetoprotein (AFP), normal human cho-
rionic gonadotropin (HCG) and elevated lactate dehydrogenase (LDH) levels, small 
pre- or post-chemotherapy mass, and large shrinkage of the mass during chemo-
therapy [21]. This model was updated in 2007 to select patients for surgery, particu-
larly for patients with small residual masses and low predicted probabilities of 
benign tissue [22].

In NSGCTs, PET scan has no superiority over CT or tumor markers. Besides, the 
designed models are inadequate to predict histology. Of 276 post-chemo NSGCT 
patients, Kollmannsberger et al. reported that 161 achieved radiographic complete 
remission (CR) defined as minimal residual tissue ≤1 cm [23]. Eight of the ten 
relapses in the CR group were treated surgically for teratoma alone, whereas two 
required salvage chemotherapy. Disease-specific survival for the CR group was 
100% after a median follow-up of 52 months. In another retrospective study, 141 
NSGCT patients who achieved a CR to first-line chemotherapy were observed with-
out further therapy [24]. Relapse was detected in 12 patients (9%) after a median 
15.5-year follow-up. Six relapses were in the retroperitoneum. Of these 12 patients, 
only four died of the disease. The estimated 15-year recurrence-free survival (RFS) 
and cancer-specific survival rates were 90 and 97%, respectively. Toner et al. 
reported results of ≤1.5 cm residual retroperitoneal masses in 39 patients. They had 
only three residual viable tumors and five teratomas resected [16]. They’ve recom-
mended RPLND for all patients with initial bulky retroperitoneal metastases (≥3 cm 
in diameter) irrespective of post-chemotherapy CT findings. On the contrary, Carver 
et al. analyzed the results of 532 post-chemo RPLND cases and reported 40% tera-
toma rate and 11% of them had post-chemo residual mass smaller than 1 cm [11].

For PC-RPLND, marker normalization is required first. The marker that is ele-
vated after chemotherapy is directly related to the presence of viable tumor. 
However, the expected time for marker normalization may prolong in patients with 
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very high HCG levels before chemotherapy. Marker decrease is expected in the 
presence of plateau marker after post-chemotherapy. Cystic teratoma may also 
cause elevated but stable marker level. In the presence of plateau but not rising 
marker levels after chemotherapy, RPLND is a treatment option [25].

Post-chemo residual tumor resection is performed for viable tumor or teratoma 
histologies in NSGCT. Those are detected in about 50% of stage IIC and higher 
stages. Today, there is no imaging or laboratory method predicting final pathology 
with a high accuracy. As a conclusion, post-chemo surgery is recommended to all 
residual masses larger than 1 cm [20, 26–28]. Another important data shows us that 
there is 6–9% relapse rate in masses smaller than 1 cm when observed [23, 24].

9.3  PC-RPLND for Advanced Seminoma

Although the risk of teratoma and malign transformation in seminomas is less wor-
rying and in case of viable tumor the surgery is less effective on outcomes, 
PC-RPLND is still an important treatment option in seminoma treatment [29]. 
Similarly, post-chemo RT has no place in seminoma.

The tumor size in post-chemo seminoma has prognostic importance. Flechon 
et al. reported 13% of 79 patients had viable tumor on final pathology and all had 
residual masses larger than 3 cm in preoperative imaging [30]. Similarly Hofmockel 
et al. found one viable seminoma case in ten PC-RPLND patients whose residual 
mass was 5 cm in preoperative imaging [31]. Herr et al. studied 55 seminoma 
patients and noticed that only 30% (8/27) of patients with 3 cm or larger residual 
mass on CT had viable tumor (six seminomas and two teratomas) [32]. No viable 
tumor was detected in masses smaller than 3 cm. Although PC-RPLND lowers 
recurrence in cases with viable tumor, there is similar recurrence rate between both 
viable tumor and necrosis pathology. Puc et al. assessed 104 advanced seminoma 
patients who had achieved a complete response or partial response to induction 
cisplatin-based chemotherapy [33]. Their results on RPLND were assessed and cor-
related with pre-chemotherapy and post-chemotherapy characteristics. They found 
that two of 74 patients (3%) with residual masses less than 3 cm were considered 
site failures (had viable tumor on RPLND), compared with eight of 30 (27%) with 
residual masses > or = 3 cm.

Ganjoo et al. studied 29 advanced seminoma patients with post-chemotherapy 
residual masses and concluded that PET scans have no apparent benefit in PC evalu-
ation of residual masses in bulky seminoma [34]. Another study analyzed the results 
of 37 seminoma patients and reported the cutoff point for PET scan to be 3 cm [35]. 
De Santis et al. analyzed the results of 56 patients with pure seminoma with post- 
chemo residual masses [36]. Only two patients with residual mass less than 3 cm 
had false-negative results. Positive predictive value was 100%. PET scans should be 
scheduled 6–8 weeks after chemotherapy. Three cm is the accepted cutoff size for 
PET scan. 2-18fluoro-deoxy-D-glucose FDG PET is the best predictor of viable 
residual tumor in post-chemotherapy seminoma residuals.
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9.4  RPLND Borders

In the middle of the twentieth century, RPLND started having superiority over 
orchiectomy and RT [37]. In the 1960s, with the use of lymphangiography, it was 
shown that testis lymphatics drain to suprahilar LNs, and right testis lymphatics 
may drain to the left and vice versa [38]. Initially, extended dissection bypassed 
suprahilar LNs and included paracaval, precaval, para-aortic, preaortic, interaorta-
caval, and common iliac regions. Ray and Whitmore retrospectively analyzed the 
location of retroperitoneal lymph node metastasis of 283 patients who underwent 
RPLND [39]. They found that lymphatic metastasis was to the left side of para- 
aortic area in case of left-sided tumor and to variable locations in case of right-sided 
tumor. Donohue et al., in their study of 104 stage II patients, demonstrated that 
lymphatic metastasis from right-sided tumor was to interaortacaval nodes followed 
by precaval and preaortic nodes while in case of left-sided tumors was to para-aortic 
and preaortic areas followed by interaortacaval [40]. Weissbach and Boedefeld eval-
uated 214 consecutive patients with stage II disease (excluding bulky disease) with 
respect to localization relative to the side of the relative testis [41]. Solitary nodes of 
the right-sided and left-sided tumors were primarily located in the interaortacaval 
and para-aortic areas, respectively. Testicular Tumor Study Group suggests specific 
template RPLND which includes paracaval, precaval, interaortacaval, preaortic, and 
ipsilateral ileac dissection for right-sided testis tumors and preaortic and para-aortic 
LND for left-sided tumors. These modified templates catch 95% of metastatic LNs. 
As these studies lack long-term results, it’s hard to determine the true localization 
and ratio of recurrence. Here in the figure, you can see para-aortic and left parailiac 
metastasis of right testicular tumor (Fig. 9.2).

Fig. 9.2 Left parailiac and para-aortic metastasis of right testicular tumor
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The sympathetic nerves originate from thoracic and upper lumbar areas syn-
apse with paravertebral and hypogastric ganglions. Then, they spread to the pelvic 
organs along with the epigastric and presacral fibers. That’s why ejaculation and 
fertility could be affected negatively by RPLND. In the early 1980s, Narayan 
et al. reported that 50% of patients had normal spontaneous ejaculation postopera-
tively [42]. This considered the start point for RPLND. In the same decade, 
Donohue et al. studied 75 patients, most of whom had stage I, and found that most 
of them had postoperative normal antegrade ejaculation [43]. Heidenreich et al. 
published the results of 152 PC-RPLND with median follow-up of 39 months 
[44]. Modified template RPLND was done to 98 patients with a mass less or equal 
to 5 cm in the primary landing zone. Radical template RPLND was done to the 
other 54 patients. Antegrade ejaculation was preserved in 85 and 25% of patients 
undergoing modified and bilateral PC-RPLND, respectively. Only one of the eight 
recurrences documented was in the modified group. Although short follow-up 
period and radical type being done to large masses limit these results, in well-
defined masses, a modified template PC-RPLND does not interfere with onco-
logic outcome but decreases treatment- associated morbidity [45]. The main 
mechanism by which modified template RPLND prevents nerve injury is the lim-
ited dissection on the other side. The surgeon’s effort to identify, dissect, and 
preserve sympathetic nerves is also essential. By this way, nerve-sparing interven-
tion is a choice even for patients who undergo full template RPLND. Researchers 
suggested electrostimulation for intraoperative sympathetic nerve identification 
[46]. One should never forget about oncological principles while preserving 
nerves in testis cancer surgery.

9.5  Limitations of Modified Template RPLND

The most important argument for the use of modified templates is “the lower risk of 
other side lymphatic metastases, easier surgery when limited dissection, and lower 
complication rates.” Most of these techniques were initially defined for stage I dis-
ease. Later, especially with the advance in effective chemotherapy, they’ve preferred 
for advanced stages too. The absence of long-term follow-up periods in mapping 
studies considered a major limitation for these techniques [39, 40]. If resected spec-
imens are sent to pathology laboratories in different bags, it would be helpful for 
pathologists to correctly stage extra-template disease (Fig. 9.3).

Carver et al. studied 532 PC-RPLND cases [47]. Of all, 269 had either viable 
tumor or teratoma and 7–32% had extra-template disease. The most common extra- 
template area was interaortacaval and paracaval location for left-sided tumors and 
preaortic and para-aortic region for right-sided tumors. Residual mass size was 
reported to be the most significant indicator for extra-template disease. For residual 
masses larger than 5 cm, the incidence was as high as 25%. Another study including 
500 cases has shown 1–11% and 5–33% risk of extra-template disease for pN1 and 
pN2/3 stages, respectively [48]. Extra-template disease risk for 191 pathological 
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stage II patients was reported to be 3–23%. The incidence was decreased to 2–3% 
by inclusion of para-aortic, preaortic, and right common iliac regions to right-side 
templates and by inclusion of interaortacaval, precaval, paracaval, and left common 
iliac regions to left-side templates.

Another important issue is the impact of size and number of excised lymph nodes 
on survival. Carver et al. found that increasing post-chemo nodal size and decreas-
ing lymph node counts were significant predictors of recurrence in 628 PC-RPLND 
cases. The 2-year RFS rates for >10, >30, and >50 lymph nodes were 90, 95, and 
97%, respectively [49].

Aorta

Interaortacaval

Para-aortic

Right para-iliac

Vena cava

Fig. 9.3 Resected specimens sent to the pathology in different bags
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9.6  Open PC-RPLND

Thoracoabdominal approach is a choice when easy access is required to reach 
suprahilar lymphatics. On the other hand, transabdominal approach is fast and rela-
tively easy to do and offers good accessibility to both sides. In the last years, midline 
extraperitoneal approach has been reported in small number of patients. Donohue 
defined RPLND to be a vascular surgery [50]. After opening anterior abdominal 
wall and peritoneum, using a retractor (Bookwalter) may help getting a good look. 
After that, by opening the posterior peritoneum from inferior to IMA area, retro-
peritoneum anatomy will be revealed. Dissection in the defined borders is usually 
done by lymphatic ligation or clipping. For large residual masses or in case of surgi-
cal difficulties, IMA could be sacrificed in order to expose para-aortic and left renal 
hilus area. Here in the figure, the aorta and vena cava are demonstrated; the para- 
aortic lymph nodes are removed. Interaortocaval and paracaval lymph nodes are 
ready for excision (Fig. 9.4).

Fig. 9.4 Paracaval and interaortacaval lymph nodes ready for excision
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9.7  Minimally Invasive PC-RPLND

Laparoscopic RPLND (L-RPLND) has been restricted since desmoplastic reaction 
caused by chemotherapy. Besides, instead of mass resection, bilateral templates are 
recommended techniques for RPLND that makes it much more complicated for 
laparoscopy. But it could be performed with acceptable results in low-stage tumors 
in experienced hands [51–53]. In a study including only seven patients, two cases 
were converted to open surgery, and three had major complications [54]. Rassweiler 
et al. reported seven conversions to open surgery in nine L-PC-RPLND cases [55]. 
As a result, L-PC-RPLND is not a self-proven technique and could only be done in 
large centers with experienced hands [56]. Robot-assisted primary RPLND is 
reported in limited number of cases [57].

9.8  Complications

Chemotherapy distorts the surgical plane between lymph nodes and surrounding 
tissues by causing desmoplastic reactions. In order to have a complete resection, 
there is 20–33% risk of additional procedure implementation that generally 
includes major vessel repair and nephrectomy [44, 58–61] (Fig. 9.5). Other addi-
tional surgeries are splenectomy, pancreatic resection, hepatic resection, and 
bowel resection with or without stoma. Nah et al. reported that of 848 PC-RPLND 
cases, 19% had en bloc nephrectomy, and of all 73% had prerenal structural 

Fig. 9.5 Vena cava patch on left side and aortic graft distal to the inferior mesenteric artery on 
right side
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involvement [61]. Nephrectomy risk is correlated with residual mass size and 
advanced stage disease.

Some studies reported that PC-RPLND compared with primary RPLND has lon-
ger surgical time, more bleeding, longer hospitalization time, and more additional 
procedure including nephrectomy, caval repair, bowel resection, and thrombectomy 
[62, 63]. These results are related mainly to the desmoplastic reaction; besides, 
primary RPLND is done in patients with lower stages.

Baniel et al. defined 144 complications established in 125 cases in their series of 
603 PC-RPLND patients (20.7%). Of all, 93% had residual mass ≥ 5 cm, and over-
all mortality rate was 0.8% [64]. Pulmonary complications were most common 
because of bleomycin-related pulmonary toxicity and additional pulmonary proce-
dures. Cary et al. reported 22.1% additional procedure and 3.7% complication rate 
[65]. Additional procedure rate was associated with mass size, high serum markers, 
and RPLND pathology.

Bleomycin toxicity-related ARDS is a mortal complication [66]. Another com-
plication is chile ascites generally seen along with caval resection [67]. Meticulous 
clipping or ligation of lymphatic vessels is the most important approach to prevent 
this complication. Percutaneous drainage is required for symptomatic lymphoceles 
like compression-related hydronephrosis, bowel obstruction, pain, or infection.

In post-chemo seminomas incomplete resection rate is high due to the diffi-
cult dissection caused by the intense desmoplastic reaction [30, 68, 69]. In a 
study including 97 seminoma and 1269 NSGCT cases, additional procedure and 
complication rates were 38.1 and 24.7% in seminoma and 26.8 and 20.3% in 
NSGCTs [68].

The most important care to prevent complications is to perform surgery in expe-
rienced centers by expert hands. In a study of 993 patients who underwent 
PC-RPLND in different centers, those who were operated in higher volume centers 
had less complications, more transfusion rates, and higher cost [70]. These results 
may be attributed to the fact that more complex cases are seen in higher volume 
centers. Mosharafa et al. compared his PC-RPLND results in different time periods 
and reported that patients who underwent the procedure between 2000 and 2002 
had fewer complications, fewer additional procedures, and shorter hospital stay than 
in the period between 1990 and 1992 [56].

9.9  PC-RPLND Pathology

PC-RPLND pathology has paramount importance for the prognosis and adjuvant 
treatment setting. The presence of viable tumor or teratoma in RPLND specimen is 
detected in about 50% of all cases. Carver et al. reported 49% fibrosis, 11% viable 
tumor (±teratoma), and 39% only teratoma in his 504 NSGCT cases [6]. Current 
literature reveals the rates of necrosis/fibrosis, viable malignancy (±teratoma), and 
only teratoma were identified in 25–52%, 9–31%, and 27–67%, respectively, in 
PC-RPLND pathology [26, 71–74]. Fizazi et al. studied prognostic factors in 238 
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viable tumor cases [9] and have shown that IGCCCG intermediate- or high-risk 
group, >10% viable tumor, and incomplete resection were independent poor prog-
nostic factors. 5-year progression-free survival (PFS) rates for patients with no risk 
factors, with one risk factor, and with two or more risk factors were 100, 83, and 
51%, respectively. Although the PFS was better in patients who received postopera-
tive chemotherapy compared to the patients who had not, there was no significant 
difference in 5-year OS rates. These results were verified by a contemporary study 
published in 2008 [10]. With a median follow-up of 5.4 years, it was clear that post-
operative chemotherapy patients did not have better OS compared to the patients 
under surveillance and treatment at relapse.

Fox et al. reported viable tumor was detected in 43 of 417 PC-RPLND cases 
[75]. Of 34 patients who had complete resection, 27 had adjuvant chemotherapy and 
7 did not. The patients who had adjuvant chemo had 70% survival; however, all the 
patients who didn’t have chemo recurred in a median 84-month follow-up.

After primary chemotherapy, 34 of 43 had complete resections, and 27 of the 34 
received postoperative cisplatin-based chemotherapy. Nineteen of 27 (70%) were 
continuously disease-free. All seven who received no postoperative chemotherapy 
have relapsed.

There is no need for additional treatment in case of teratoma in PC-RPLND. But 
it usually recurs as mature/immature teratoma or sarcomatoid tumor, which usually 
has poor prognosis [71, 76]. Growing teratoma syndrome should be considered in 
case of negative tumor markers with enlarging residual mass during chemotherapy. 
Patients with incomplete resection in PC-RPLND have higher recurrence rates [77].

9.10  RPLND After Salvage Chemotherapy

Although the data about the role of RPLND in patients receiving salvage chemo-
therapy is conflicting, evidence suggests that complete resection would always 
cause finest staging and improved survival. Of all, 10% of advanced GCTs fail to 
respond primary chemotherapy [72, 74]. Viable tumor rates of patients who under-
went RPLND after salvage chemotherapy were reported to be 50% [71, 75, 78]. 
Complete resection is possible in about 50–70% of cases, and 5-year survival rate is 
roughly 45–60% [28, 75, 79, 80].

Eggener et al. published the results of 71 patients who underwent RPLND after 
two or more chemotherapy regimens [80]. Viable tumor, teratoma, and fibrosis rates 
were 28, 21, and 51%, respectively. Patients who received taxane-containing sal-
vage chemotherapy regimens had lower rates of viable tumor (14 vs. 42%; p = 0.01), 
higher rates of fibrosis (63 vs. 39%; p = 0.04), and similar rates of teratoma com-
pared to regimens without taxane. It was found that second-line taxane-containing 
chemotherapy reduces viable tumor rates. The presence of large retroperitoneal 
mass (≥5 cm) and viable tumor were predictors of worse 10-year disease-specific 
survival (DSS) (70%). All these results support RPLND—with complete resection 
done as possible—in select patients after salvage chemotherapy.
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9.11  Desperation Surgery

Desperation surgery is performed when tumor markers are rising in spite of chemo-
therapy. It’s considered an important treatment choice especially in patients with 
retroperitoneal resectable disease without other visceral metastasis. Albers et al. 
reported overall persistent viable cancer, and teratomatous elements were identified 
in 64 and 11% of cases, respectively, in 30 patients [81]. Beck et al. performed des-
peration surgery in 114 patients with persistent serum tumor markers after second- 
line chemotherapy. Elevated markers, redo RPLND, and germ cell cancer in the 
resected specimen were identified as poor prognostic factors. 5-year overall survival 
was reported as 54% [82]. As a conclusion, surgery has critical importance espe-
cially in patients with solitary resectable tumors and rising markers despite salvage 
chemotherapy.

 Conclusion
PC-RPLND is an essential treatment modality performed for all NSGCT and 
PET (+) seminoma residual masses with normal/plateau serum markers in mul-
tidisciplinary approach. Final pathology reveals viable tumor for NSGCT and 
seminoma in almost 15 and 10%, respectively. Desperation surgery for patients 
with rising serum markers despite multiple chemotherapy regimens promises 
reasonable survival rates. In case of teratoma, complete resection PC-RPLND is 
the curative treatment. Although modified templates cause less complications 
and less retrograde ejaculation, bilateral full templates promise better oncologi-
cal outcomes. This challenging surgery necessitates implementation of addi-
tional procedures in one fifth of all procedures, so this should be done in only 
experienced centers. Although chemotherapy is the initial treatment modality for 
advanced stage testicular cancers, residual tumor surgery is the integral part and 
the last step in multimodal treatment.
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Abstract
Prostate cancer (Pca) is one of the most common cancers diagnosed in men. 
Despite its prevalence, healthcare providers dealing with the disease still face 
challenges ranging from screening, diagnosis, to selection of patients for treat-
ment and development of resistance to therapy. Over the years, with wide accep-
tance of screening practices, specifically with the use of serum PSA assays, the 
composition of the cohort of men who are newly diagnosed with prostate cancer 
(Pca) shifted from symptomatic men with clinically advanced disease to men 
where the diagnosis is based on a few neoplastic glands on a needle core biopsy. 
While histopathologic features of Pca have been well established, diagnosis of 
cancer on a limited number of neoplastic glands has presented new challenges. 
In this chapter we will review some of the diagnostic challenges as well as 
recent updates in grading and other pathologic parameters that aid management 
decisions.

10.1  Diagnosis of Prostate Cancer

One of the most powerful tools pathologists have when evaluating the biopsies for 
carcinoma is the immunohistochemical application of the antibodies against the 
basal cell layer, which is lost in carcinoma. These include antibodies against high 
molecular weight cytokeratins (clone 34BE12), p63, and cytokeratin 5/6. Addition 
of alpha methylacyl coA racemase (AMCR/P504S), most commonly in a cocktail 

mailto:fvakar@uw.edu


170

with basal cell markers, aids highlighting the carcinoma cells with increased cyto-
plasmic expression relative to nonneoplastic glands.

In the current urologic practice, nearly all Pca diagnosis is established in needle 
biopsies of prostate, in contrast to transurethral resections, which have been the 
main tissue source in the 1960s.

The needle biopsies obtained under ultrasound guidance mainly target the 
peripheral zone and only occasionally sample the transition zone; however, the 
resolution of the ultrasound is not sensitive or specific enough for only targeting 
the foci that would be suspicious for carcinoma. Starting in the 1980s more exten-
sive sampling of the prostate with multiple needle cores became widely used [1]. 
Recently, the use of multiparametric magnetic resonance imaging (mpMRI) in 
conjunction with the ultrasound imaging (MRI/US fusion) to guide the prostate 
needle biopsies has increased the rate of detection rate of clinically significant 
cancer with fewer biopsy cores according to several studies [2]. The advantages of 
MRI-targeted biopsies include better representation of the tumor characteristics 
(i.e., tumor volume and Gleason grade), thus improving biopsy and radical prosta-
tectomy (RP) Gleason score concordance enhancing the prognostic significance of 
findings of the biopsy.

The influence of specimen type on the diagnosis and grading of Pca may be 
minor but not trivial. The main difference between the needle core biopsies and 
transurethral resections of prostate (TURP) is the zone that they sample, periph-
eral zone for needle cores, and transition zone for TURPs. While most of the 
prostate cancers arise from the peripheral zone, the carcinomas arising from the 
transition zone have some distinct histologic features (see below) and tend to be 
of lower Gleason grade.

Regardless of how it is detected and diagnosed, most Pca is acinar carcinoma. 
But a number of histologic variants, some clinically relevant, have been described. 
These variants include foamy gland, mucinous (colloid), transition zone-like, ductal 
(previously known as endometrioid), atrophic, neuroendocrine (small cell), sarco-
matoid, and adenosquamous carcinoma. Another example of clinically relevant his-
tologic variants is transition zone-like carcinomas, which include mostly 
medium-sized glands of tall columnar cells with clear abundant cytoplasm and 
small, basally oriented nuclei. These tumors tend to involve the transition zone of 
the prostate thus mostly diagnosed in TURP specimens, appear to have lower fre-
quency of TMPRSS2-erg fusion, and have a somewhat better outcome [3, 4]. At the 
other end of the spectrum are ductal, neuroendocrine, and sarcomatoid prostate car-
cinomas that have worse outcome than the typical acinar Pca. The ductal carcino-
mas comprise approximately 3% of all prostate cancers, and most of them occur as 
a component of typical acinar carcinomas. While large glands lined by tall, pseu-
dostratified columnar neoplastic cells are the hallmark of ductal histology, varia-
tions in morphology including presence of large complex cribriform structures with 
slit-like spaces and papillary architecture create difficulties in clearly defining the 
unique features and thus diagnosis and recognition of ductal carcinoma variant. 
Clinical characteristics attributed to ductal carcinoma include low PSA levels rela-
tive to the tumor burden and visceral metastasis in addition to bone; however, like 
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morphologic features, they are not uniform in all cases. At least partly due to lack of 
a unifying concept, little is known about the underlying molecular features of this 
histologic variant. In a recent study by Schweizer et al., in a cohort of ten cases of 
ductal carcinoma, 40% of cases had a mismatch repair gene alteration, and 75% of 
these cases had evidence of hypermutation [5]. Validation of these findings may 
provide a more clear definition of this subtype while presenting specific molecular 
targets for customized treatment options.

Similarly neuroendocrine (small cell) carcinomas may occur concomitantly with 
acinar carcinomas, either de novo or following systemic therapy. Histological diag-
nosis of this variant is mostly straightforward with the aid of immunohistochemical 
studies using antibodies against synaptophysin and chromogranin. The clinical sig-
nificance of this subtype is reflected in selection of chemotherapeutic agents. Like 
its counterparts in other organ systems, neuroendocrine/small cell carcinomas 
respond better to cisplatin and etoposide combination therapy. In relatively rare 
cases where the morphology of prostate cancer is of a typical acinar carcinoma, 
expression of neuroendocrine markers can be demonstrated immunohistochemi-
cally. Whether these cases could be classified as neuroendocrine carcinomas or 
whether they would respond to the same therapeutic agents is not clear.

The most important aspect of these variant morphologies is the need for both the 
practicing pathologist and the treating physician to be aware of their presence and 
their correlation with specific clinical behaviors.

10.2  Grading Prostate Carcinoma

Gleason grading system, initially created in 1966 and expanded and updated with 
prognostic data in 1967 by Donald F. Gleason [6, 7], is one of the most enduring 
phenomena in medicine in that it is still the widely accepted grading system for 
prostate cancer throughout the world. However, many changes in the practice of 
urology, advances in and better understanding of the pathology, led to several modi-
fications throughout the years, namely, in 1974 and 1977, in 2005, and most recently 
in 2014 (Figs. 10.1 and 10.2) [8–11].

Gleason grading system is based on the architectural patterns of the tumor, and 
taking in consideration of heterogeneity of prostate cancer, it includes the sum of 
the most common and the second most common patterns. The grading system 
encompasses grades from 1 to 5, from well circumscribed uniform glands (grade 1) 
to the poorly differentiated tumor composed of solid sheets and/or single cells or 
areas of central (comedo) necrosis (Fig. 10.1). Initial description of the system was 
based on a study of 270 patients from the Minneapolis Veterans Administration 
Hospital, and the study was expanded to 463 men in 1967 and 1032 men in 1974 
[6–8]. These initial studies included men mostly with advanced disease with either 
extraprostatic extension or metastatic disease at the time of diagnosis. The strength 
of this grading system is that it is relatively simple and fairly easily applied with 
reasonable concordance (reproducibility). In addition, it is one of the most powerful 
prognostic predictors in Pca, predicting pathological findings in RP, biochemical 
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failure, local and distant metastasis after therapy, and Pca-specific mortality, and is 
one of the key parameters used in therapy planning, especially for decisions regard-
ing active surveillance versus definitive therapy.

The current guidelines of the Gleason grading system, including the most recent 
updates which were introduced in 2014 at a meeting attended by pathologists with 
expertise in prostate pathology and groups of oncologists and urologists, include 
elimination of GS 2 (1 + 1) regardless of the specimen type and limiting GS 2–4 
diagnosis to rare cases in which the cancer is diagnosed in transurethral resection 
(TURP) specimens where the circumscription of the tumor nodules can be observed 
[6] (Fig. 10.2).

It also includes expansion and better definition of Gleason grade 4 category. In 
Gleason’s original descriptions, grade 4 group included only “large clear cells grow-
ing in a diffuse pattern resembling hypernephroma; may show gland formation” 
(Fig. 10.1). Later modifications included raggedly infiltrating fused glands and 
glands that are not single and separate but coalesce and branch. The 2005 consensus 
further expanded the category to include most cribriform glands (except “small 
cribriform glands with regular contour and round evenly distributed lumina” still 
regarded as Gleason grade 3) and ill-defined glands with poorly formed glandular 
lumens or “poorly formed” glands.

In 2014, all cribriform glands regardless of the shape and size and glands with 
glomeruloid architecture, considered a variant of cribriform architecture, were 
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added to the Gleason grade 4 category (Figs. 10.2 and 10.4). When compared with 
all the different patterns that make up Gleason grade 4 group, cribriform growth 
pattern has been shown to predict adverse clinical outcome parameters such as post-
operative metastasis and disease-specific death [12, 13].

Distinguishing tangentially sectioned Gleason grade 3 glands that appear poorly 
formed from the truly poorly formed glands has been a great challenge for patholo-
gists (Figs. 10.3 and 10.4). Although it was noted that “more than occasional poorly 
formed glands” must be seen for a tumor to be classified as Gleason grade 4 in the 
latest consensus meeting to avoid overcalling of tangentially cut glands, attempts have 
been made to determine the morphologic and quantitative criteria to overcome the 
ambiguity of “poorly formed” definition. Zhou et al. [14] studied interobserver repro-
ducibility of diagnosing “poorly formed glands” on core needle biopsies among uro-
logic pathologists and came up with recommendations to consider only cancer glands 
with no or rare luminal formation as “poorly formed” and to have at least ten “poorly 
formed glands” that are not immediately adjacent to well-formed glands to be consid-
ered Gleason pattern 4. This issue is of utmost important since presence of Gleason 
grade 4 pattern is among the criteria used to make decisions, namely, if a patient is 
going to be included in active surveillance programs or offered a definitive therapy, 
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Fig. 10.2 Comparison of the original Gleason grading and the latest modifications (With permis-
sion, J Epstein et al. Am J Surg Pathol Volume 40, Number 2, February 2016)
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such as prostatectomy or radiation therapy. In a recent multi- institutional study involv-
ing an active surveillance cohort [15], the reproducibility of assigning a Gleason pat-
tern 3 vs 4 or higher was worst for small foci with glands where the interpretation 
varied between tangentially sectioned Gleason pattern 3 vs poorly formed glands of 
Gleason pattern 4. The best interobserver agreement was in cribriform and glomeru-
loid Gleason 4 patterns [16] in a recent study among genitourinary pathologists. In 
line with the previous study by McKenney, hardly any consensus was reached on ill-
formed and fused glands. More recent attempts to further optimize histologic grading 

Fig. 10.3 Gleason grade 3 patterns
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Fig. 10.4 Gleason grade 4 patterns
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of prostatic adenocarcinoma to decrease interobserver variance and provide consistent 
and more accurate prognostic stratification for the individual patient include attempts 
of incorporating individual architectural patterns into the grading scheme and assess-
ing their relative contribution to the prognostic strength [17].

Gleason grade 5 patterns include single cells, solid tumor sheets, and cords of 
cells without any glandular differentiation as well as central (comedo) necrosis 
(Fig. 10.5). They generally do not present diagnostic challenges, unless the amount 
of single cells/cords of cells is limited.

The most common practice is to give a Gleason score to each specimen of biopsy 
core(s) that is submitted in separate containers. For treatment algorithms, typically 
the highest Gleason score is used regardless of the volume of cancer in the particular 
core(s). In heterogeneous and multifocal tumors, this has the potential to overrepre-
sent the high-grade component in the entire gland and place the patient in a higher- 
risk category. In a study by Aries-Stella et al., when using the highest biopsy Gleason 
score, the authors found that 60% of such patients had a downgraded Gleason score 
at prostatectomy [18]. As a result they concluded that a composite needle biopsy 
Gleason score combining relative proportions of each Gleason grade pattern in mul-
tiple contiguous positive biopsies correlated better with prostatectomy Gleason 
score in patients with heterogeneous needle biopsy Gleason scores (>2 different 
GSs or a two-step difference in GS between separate biopsies).

10.3  Grading Unusual Morphologies Variants of Pca

Overall the grading of histologic variants of Pca follows the conventional grading 
scheme, and except for the ductal carcinoma, most of these variants are assigned a 
Gleason score similar to the acinar carcinomas. Somewhat challenging patterns in 
this category include foamy gland and mucinous carcinomas and carcinomas with 

Single cells Comedo necrosis Solid sheets

Fig. 10.5 Gleason grade 5 patterns
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collagenous nodules and mucin extravasation. Previously, any carcinoma with 
extravasated mucin and mucinous (colloid) carcinomas (mucin extravasation occu-
pying >25% of the tumor) were considered as Gleason grade 4. Recent studies have 
shown that mucinous carcinomas treated with RP are not aggressive and may even 
have better prognosis than the usual acinar carcinomas [19]. For these reasons, the 
latest consensus is that these carcinomas should be graded based on the pattern pres-
ent after subtracting the mucinous component.

In contrast, all ductal carcinomas are graded as pattern 4 and pattern 5 if there is 
comedo necrosis. The ductal carcinoma component, even though it is mostly 
admixed with typical acinar carcinoma, is given a Gleason score of at least 8 (4 + 4) 
in keeping with the overall prognosis similar to other Gleason score 8 carcinomas.

Neither sarcomatoid nor small cell carcinomas should be graded due to their 
unique tumor biology and therapeutic implications, regardless of the amount of 
such components.

Intraductal carcinoma of the prostate (IDC-P), initially described by Kovi et al. 
in 1985 and McNeal in 1996, is described as dense cribriform glands with highly 
atypical epithelial cells that retain at least focally basal cells [20, 21]. Further stud-
ies, including by Guo and Epstein and Kimura et al., supported the adverse progno-
sis of IDC-P on biopsy and prostatectomy specimens and its association with 
high-grade invasive Pca [22–24]. Because of all the associations, some pathologists 
advocated grading of IDC-P; however, at the 2014 meeting it was the consensus not 
to grade it but to add a comment as to its invariable association with aggressive 
prostate cancer.

10.4  Tertiary Gleason Grade Pattern

The Gleason grading system is built on reporting the two most prevalent histologi-
cal patterns as a sum score. More often than not, a tertiary or third most common 
pattern is encountered either in biopsies or prostatectomy specimens. Reporting this 
component especially if it is a higher-grade pattern may have different implications 
and purposes in needle biopsies and prostatectomies.

The current recommendation of including the higher tertiary grade component in 
the biopsies as the secondary grade is based on the assumption that the tumor has 
the biology of a higher-grade tumor, even though the amount of the higher-grade 
component is small in the biopsy, which may be due to a sampling error. The typical 
scenario of such a case is when the biopsy includes a tumor with a Gleason score 7, 
either 3 + 4 or 4 + 3 with a minor component of Gleason grade pattern 5. The final 
score in this case would end up being 8 (3 + 5) or 9 (4 + 5), respectively. This allows 
incorporation of the tertiary component in the risk stratification tools such as Partin 
tables and Kattan nomogram, which only allow primary and secondary patterns.

The presence of focal (less than 5% of the tumor volume) Gleason grade 5 has 
different implications in a prostatectomy since all tumor foci are available for 
review. It has been shown by Magi-Galuzzi et al. that in comparison the Gleason 7 
(3 + 4) or 7 (4 + 3) with a tertiary pattern 5 was less likely to be organ confined and 
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presented at a higher stage than the tumors with the same Gleason score but without 
the tertiary pattern 5 [25]. In these scenarios the Gleason score for the prostatec-
tomy would be reported as 7 (4 + 3) with a tertiary 5, since the overall behavior of 
the tumor falls between Gleason 9 and 7.

10.5  Grade Groupings

With the modifications to the Gleason grading system, in recent years reporting of 
Gleason scores 2–5 has virtually vanished from general practice. This led to a shift 
in the grading system where originally the scores ranged from 2 to 10. Now the low-
est score being 6 out of 10, giving the impression of the tumor to have intermediate 
prognosis, potentially causes patients unnecessary anxiety and overtreatment. There 
have been attempts to interpret the Gleason scores in groups of similar prognostic 
characteristics in the past; however, some of these groupings combined scores with 
wide variations in outcomes. For example, Gleason score 7 is considered as a 
homogenous group in many of these groupings, despite many studies showing a 
significantly worse prognosis for 4 + 3 than 3 + 4 [26–28]. In addition, combining 
scores 6 and 7, as some studies do, place tumors with almost uniformly excellent 
prognosis (3 + 3) and with a high likelihood of disease recurrence and progression 
(4 + 3) in the same prognostic category.

The newly accepted grade groupings that are included in the latest WHO 2016 edi-
tion of Pathology and Genetics: Tumours of the Urinary System and Male Genital 
Organs are proposed by Epstein based on data from Johns Hopkins Hospital [29]. It 
consists of five prognostically distinct grade groups, validated to accurately reflect pros-
tate cancer biology. Grade group 1 in this new system includes cancers with Gleason 
score <6, with excellent prognosis, and now the grade designation of the tumor is better 
aligned with the lowest possible grade. Per consensus of the 2014 meeting, the new 
grades would, for the foreseeable future, be used in conjunction with the Gleason sys-
tem [i.e., Gleason score 6 (3 + 3) (grade group 1)]. In a subsequent study of about 20,000 
men from 5 different institutions who were treated by RP, grade groups strongly corre-
lated with the risk of biological recurrence after surgery. In this study, large differences 
in recurrence rates between both Gleason 3 + 4 versus 4 + 3 and Gleason 8 versus 9 were 
found [30]. The proposed five-grade group system had the highest prognostic discrimi-
nation on both univariate and multivariate analysis. The major limitation was the use of 
PSA biochemical recurrence BCR as an end point as opposed to cancer-related death.

10.6  Prognostic Indicators

10.6.1  Volume

Prostate cancer is a heterogeneous disease with variable outcomes. One of the 
parameters suggested to be an important clinical predictor is the tumor volume. The 
assessment of tumor volume carries radically different implications in radical 
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prostatectomy and needle biopsy. Whether tumor volume assessment in pathologi-
cally organ-confined (pT2) prostate cancer provides independent prognostic infor-
mation beyond grade and stage is controversial. In early studies by Stamey and 
Humphrey, tumor volume correlated with metastasis, seminal vesicle invasion, 
extraprostatic extension (EPE), and grade [31, 32]. The latter study also showed that 
% of specimen involved by tumor independently predicted clinical recurrence. 
Since these studies have come out before PSA screening era, the mean tumor vol-
ume was fairly large 4.66 cc, and the mean Gleason score was 7.03 [31]. Nevertheless, 
in all the studies none of the tumor with volumes less than 0.5 cc progressed.

In the more contemporary studies, data on whether the tumor volume has inde-
pendent prognostic significance in prostatectomy specimens are conflicting. One of 
the main reasons for this uncertainty is that there is not one agreed-upon method to 
estimate tumor volume. Among the presumably most precise methods used is the 
one that involves circling the tumor on glass slides and using computer-assisted 
planimetry or grid morphometric analysis to determine tumor volume. These meth-
ods are quite time consuming. Simpler methods such as visual estimation of tumor 
percentage and maximum tumor dimension (MTD) have the potential of wider use 
but due to their subjectivity and poor reproducibility fall short of providing uniform 
results. Other less frequently used methods include multiplying the largest tumor 
dimensions on the sections by the thickness of the tumor, using a grid to calculate 
tumor percentage, using number of blocks involved by tumor, calculating maximal 
area of the tumor, and determining the ratio of involved-to-uninvolved blocks. 
Another point of debate is whether to record the dominant tumor nodule(s) or total 
tumor volume. This point becomes more important in the tumors that would be in 
the clinically insignificant cancer category (less than 0.5 cc, no Gleason pattern 4, 
and organ confined) if only the largest of multiple small-volume tumors is reported 
as would be seen in a case with three separate tumor nodules (0.3, 0.2, and 0.1 cc) 
[33]. This variance in reporting total tumor volume may explain the variation in 
incidence of potentially insignificant cancers (ranging from 0.4–0.6% to 26–33%) 
in different institutions.

As a result of a consensus conference of the International Society of Urological 
Pathology, “some quantitative estimate of cancer volume should be undertaken” is 
recommended but “the nature of which being dependent on routine practice of with 
the pathology laboratory” [34].

Quantifying the amount of tumor in needle biopsies, on the other hand, provides 
one of the key data points used to make decisions on management options which 
increasingly in recent years includes active surveillance protocols. Given the impor-
tance of this parameter in management decisions, we should review the challenges 
associated with it. There are several ways to quantify cancer on biopsy. The simplest 
method is to estimate the percentage of the core(s) involved by carcinoma. While this 
assessment is easy, it is subjective and may be a cause for interobserver variability. 
Measuring cancer foci and total length of the biopsy cores may be more reproducible 
but also brings out other challenges such as how to measure two separate foci of 
carcinoma involving the same core but are separated by some amount of stroma. 
Among pathologists, there is no true consensus and there is variation in practice. 
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Some pathologists measure each focus separately without including the intervening 
stroma, while others measure from one end to the other including the stroma. Multiple 
studies suggest that inclusion of the benign prostatic tissue in between the foci cor-
relates more closely with the amount of tumor in the prostatectomy [35, 36].

There is limited number of studies comparing different quantitative methods in 
predicting pathologic stage or outcome. In one of the later studies, percentage of car-
cinoma in all cores was significantly and consistently stronger than other measures in 
all comparisons. When combined with preoperative PSA and Gleason grade on mul-
tivariate analysis, this measure improved prediction of pT3 and was independent of 
preoperative PSA and Gleason grade for risk of biochemical recurrence [37].

It is recommended that at a minimum the number of positive cores along with at 
least one other more detailed measurement such as the % of core involvement or 
length of cancer should be included in a biopsy report.

10.6.2  Extraprostatic Extension

Even more informative than the total tumor volume in a prostatectomy specimen is 
the extent of tumor, i.e., if the tumor extends into extraprostatic tissue (extrapros-
tatic extension) and/or into seminal vesicles. This information is reflected in the 
pathologic stage in the AJCC staging system as pT3a and pT3b, respectively. 
Extraprostatic extension is a well-established factor for adverse prognosis. However, 
definition and identification of extraprostatic extension can be challenging. Simply 
defined, extraprostatic extension is the tumor being present beyond the confines of 
the prostate gland [38]. This can be difficult to identify since the prostate gland 
lacks a discrete and microscopically well-defined prostate capsule. In addition, 
extraprostatic tissue present in different aspects of the prostate gland is different. 
For example, posterolateral soft tissue (superior neurovascular bundles), as the 
name implies, includes abundant adipose tissue (unless a nerve-sparing prostatec-
tomy) with blood vessels and nerves, whereas anteriorly, especially in the apex, the 
prostatic parenchyma blends in with bundles of striated muscle and only occasion-
ally may include some amount of adipose tissue. The determination of what consti-
tutes “beyond the confines of prostate” can be difficult when carcinoma involves the 
muscle anteriorly and bulges into the adipose tissue or extends along with the 
fibrous fingerlike projections into the neurovascular bundle. While finding cancer 
glands among striated muscle bundles anteriorly does not constitute extraprostatic 
extension, the latter is considered to be diagnostic of extraprostatic extension by 
many pathologists.

10.6.3  Seminal Vesicle Invasion

Seminal vesicle invasion is defined as involvement of the wall of seminal vesicles 
by carcinoma and in most instances is straightforward diagnosis. There are three 
ways of seminal vesicle invasion: 1, spreading along the ejaculatory ducts; 2, direct 
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extension at the base or extraprostatic extension into the superior neurovascular 
bundle and then invasion into seminal vesicle wall; and 3, discontinuous involve-
ment, which is quite rare.

A point of debate especially before the ISUP consensus publications was if the 
involvement of the intraprostatic portion of seminal vesicles also qualified as a pT3b 
disease [39]. In one of the few available studies on this subject, invasion of only the 
intraprostatic portion of the seminal vesicle or ejaculatory ducts was correlated with 
better survival rate than for those with extraprostatic seminal vesicle invasion [40]. 
Currently, only invasion of the extraprostatic portion of seminal vesicle is consid-
ered for staging.

10.6.4  Margins

Involvement of margins of resection of prostatectomy specimens is among the most 
common reasons for biochemical recurrence and is a significant predictor of BCR- 
free survival (93.8% in margin negative versus 79.9% in margin positive cases) and 
prostate cancer-specific mortality (PCSM) in a univariate analysis [41, 42]. After 
adjusting other clinicopathological variables in a multivariate analysis, it remained 
moderately associated with PCSM, while RP Gleason score and pathologic stage 
were strong predictors [43, 44]. The most common site of margin positivity is the 
apex where there is not much extraprostatic tissue and surgically removable tissue 
is limited due to the anatomical restrictions [45]. In the posterolateral aspect of the 
prostate, the amount of extraprostatic tissue in a prostatectomy depends on the type 
of surgical procedure: nerve spearing versus non-nerve spearing; thus, a positive 
margin can be either in the setting of extraprostatic extension or incomplete removal 
of the entire prostatic tissue. As may be expected, efforts to preserve the neurovas-
cular bundles increase the probability of incomplete excision of the prostate result-
ing in more frequent positive margins. Positive margins at bladder neck, which is 
relatively uncommon, and anterior are also correlated with BCR, but several studies 
with opposite conclusions are have also been published [46, 47]. The type of surgi-
cal intervention, i.e., open radical prostatectomy (ORP) versus laparoscopic radical 
prostatectomy (LARP), may influence the incidence and location of positive mar-
gins: lower incidence in LARP and apical region in both LARP and ORP [48].

For pathologists a positive margin is defined as having carcinoma cells at the 
margins where the surgeon has cut across the tissue planes, which are marked with 
a special ink during gross examination. Since carcinoma cells being at the inked 
surface are the diagnostic hallmark, care needs to be given by the pathologist to 
recognize surface irregularities and disruptions that may not reflect true resection 
margins. Good communication with the surgeon may clarify many of these irregu-
larities. In cases where carcinoma cells are not actually touching the ink but are only 
a few cells away may be classified as “carcinoma abutting” the margin. In a study 
by True et al., these cases behaved as positive margins; however, in other studies, 
close distance to the margins did not appear to correlate with disease recurrence or 
residual cancer [49–51].
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On the other hand, the extent of tumor at the surgical margin has been shown to 
be correlated with disease recurrence in several studies [52, 53]. Determining and 
reporting the linear extent of positive margin in mm is the most common way 
pathologist reports the extent, while some may also classify the extent as “focal” 
versus “extensive.”

10.7  Treatment Effects on Histology

Prostate cancer treatments whether it be hormonal ablation or radiation therapy 
cause unique histologic changes in the carcinoma as well as the background non-
neoplastic glandular tissue. Hormonal ablation causes, as expected, diffuse atro-
phy in the nonneoplastic glands with prominence of the basal cell layer 
(Fig. 10.6). Carcinomatous glands also shrink in size with vacuolization/clearing 
of the cytoplasm and nuclear pyknosis. Radiation therapy causes nuclear atypia 
and pleomorphism in addition to the diffuse atrophy in the nonneoplastic glands 
(Figs. 10.7 and 10.8). Stroma shows hyalinization and hypocellularity. Cancer 
glands become even more inconspicuous and appear mostly as single cells with 
vacuolated cytoplasm and eccentric nuclei or even empty spaces without any 
detectible nuclei.

Fig. 10.6 Effects of hormonal ablation therapy on carcinoma and normal glands. Arrows = carci-
noma glands; arrow heads = benign glands
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Since all the described histologic changes in cancer are consistent with a high- 
grade morphology, Gleason grading no longer correlates with the disease severity 
and loses its prognostic prediction, and therefore by consensus no Gleason score is 
given to treated tumors. This creates a need for a new way of assessing the effect of 
therapy on the tumor and tumor burden, different than the volume estimation based 
on tumor area. One way is to assess the cellularity of the residual tumor. In a study 
by Murphy et al., the interobserver concordance was quite high for cellularity 

Fig. 10.7 Effects of radiation therapy on carcinoma and normal glands. Arrows = carcinoma 
glands; arrow heads = benign glands

High molecular weight
cytokeratin PSA

Fig. 10.8 Immunohistochemical profile of normal and carcinoma glands showing radiation ther-
apy effect. Arrows = carcinoma glands; arrow heads = benign glands
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assessment in prostatectomies after treatment with abiraterone and enzalutamide, 
which may be a good candidate parameter to be measured if validation studies show 
that it correlates with the biology of the disease and the outcomes [54].

10.8  Biomarkers

Prostate cancer is a heterogeneous disease. Clinical presentation and behavior range 
from localized indolent to aggressive lethal disease. Currently the management is 
based on pathological (histologic grade, extent, etc.) and clinical parameters (PSA 
levels, clinical staging, etc.). For patients treated with surgery, pathological staging 
and surgical margin status are among the criteria used to stratify patients for further 
treatment and prognostic groups. None of these criteria adequately address the het-
erogeneity of the biologic behavior and response rates to available therapeutic regi-
mens. Wider use of exome and whole genome sequencing identified genomic 
alterations that may both explain carcinogenesis and progression and potentially 
could be used as therapeutic targets [55, 56].

The most commonly encountered genomic alteration in prostate cancer are 
fusions of androgen-regulated gene promoters and E26 transformation-specific 
(ETS) family of oncogenes, which include ERG, ETV1, ETV4, and FLI1. 
Collectively these fusions occur in approximately 50% of prostate cancers; how-
ever, their clinical significance is still debated. While in some studies TMRSS2- 
ERG fusion is associated with worse outcome, the others failed to show any 
prognostic significance or reported a better outcome [57–60]. Other mutually exclu-
sive mutations found in the TGCA cohort include mutations in SPOP, FOXA1, and 
IDH1 genes, yielding seven molecular subtypes. In the remaining 26% of tumors 
yet unknown, molecular alterations or epigenetic changes are presumed to occur. Of 
all the molecular changes, ETS fusions and SPOP mutations appear to be early 
events in the oncogenesis of Pca, while subclonal changes in CDKN1B, PTEN, and 
TP53 occur later and probably provide proliferative and survival advantage to can-
cer cells [61].

Despite emergence of newly identified molecular changes for potential ther-
apy targets, androgen suppression is still the most commonly employed systemic 
therapy, taking advantage of prostate cancers’ androgen dependence. 
Unfortunately, resistance to androgen blockade inevitably occurs resulting in a 
castration-resistant prostate cancer (CRPC). The mechanisms of resistance 
include a number of molecular changes including copy number alterations and 
mutations of AR or of its co- regulators and splice variants of AR and altered 
expression of AR pathway components that result in persistent AR-signaling. In 
case of splice variants, these truncated versions of AR permit constitutive activ-
ity of the receptor without presence of a cognate ligand. The most studied variant 
AR3 (also known as AR-V7) have been shown to be associated with resistance to 
abiraterone and enzalutamide both in Pca models and in patients [62–65]. 
Immunohistochemical detection of expression levels of ARV-7 in primary Pca 
and matched CRPC samples [66] demonstrated that levels are higher in advanced 
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disease with the levels being the highest in tumors that have progressed on abi-
raterone and enzalutamide. Using the same antibody in an immunofluorescent 
assay, Scher et al. showed that ARV-7-positive CTCs have better overall survival 
with taxanes relative to AR-signaling inhibitors, highlighting the potential ben-
efit of using splice variants as biomarkers that predict therapy response and assist 
physicians in individualizing treatment [67].

Another pathway with common genomic aberrations in up to 20–40% of Pcas 
is PI3K-AKT. Hyperactivity of PI3K-AKT pathway is frequently the result of 
PTEN inactivation, most commonly due to deletions but also through disruptive 
mutations and structural rearrangements. Immunohistochemical assay of PTEN 
expression has been recently validated by independent groups [68, 69]. In multi-
ple studies, lack of PTEN expression is associated with poor prognosis [70] and 
poor overall survival and shorter time of response to abiraterone. In addition to 
predictive indicator of therapy response and prognosis, availability of compounds 
that are able to inhibit PI3K kinases made many clinical studies possible and 
promising. These studies include trials of mTOR inhibitors combined with andro-
gen blockade and inhibitors of PI3K kinases and AKT in combination with 
AR-signaling inhibiting agents.

Most recently, some of the focus is shifted on the genetic mutations, both germ-
line and somatic, of DNA repair genes found in approximately 12% of men who 
progress to advanced Pca and nearly 25% of CRPCs, respectively. Similar to breast 
carcinomas, men with germline mutations in genes involving homologous recombi-
nation (HR) like BRCA2 have been shown to be at greater risk of developing Pca 
[71, 72]. In this subset of patients with both germline and somatic aberrations in 
BRCA and other genes involved in HR DNA repair, a trial of olaparib, a poly-
(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitor, showed anti-
tumor activity which led to breakthrough designation of olaparib by the Food and 
Drug Administration (FDA) for accelerated approval for monotherapy in patients 
with BRCA1, BRCA2, or ATM-mutated metastatic CRPC. Other forms of DNA 
repair defects include mutations in mismatch (MM) repair genes that result in loss 
of MLH1, MLH2, PMS2, and MSH6 functions and are associated with microsatel-
lite instability and high mutational load (hypermutated state) [73, 74]. Taking 
advantage of the correlation of high mutational load with increased numbers of 
tumor-specific neoantigens, novel immunotherapies activating cytotoxic T cell 
(CTL) are being tried [75].

10.9  Future Possibilities

10.9.1  The Third Dimension

The role of pathologists in diagnosing prostate cancer, providing useful information 
to predict its behavior and helping guide therapeutic management, is constantly 
evolving. One of the future directions of research involves alleviating limitations of 
light microscopy, which include the need for tissue fixation and limiting tissue 
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analysis to two-dimensional images. By utilizing methods to clarify tissue 
(CLARITY) and specialized microscopy techniques such as light sheet fluorescence 
microscopy, structured illumination and confocal microscopy, and application of 
these methods to prostate tissue, it is possible to characterize the three-dimensional 
structure of prostate adenocarcinoma [76–78]. One immediate practical impact of 
these new tools will be on the Gleason grading system which is based on the struc-
tural arrangements of carcinoma glands on a two-dimensional plane. Using three-
dimensional images may lead to reevaluation of the premises of grading prostate 
carcinoma, which are based on two-dimensionality.

10.9.2  Molecular Guides

Characterization of the molecular profiles of prostate cancer of different histo-
logic types, grades, stages, and biologic states and of the genomes of both 
cancer- associated stroma and of the host has revealed potential new ways to 
manage and treat patients [55, 56]. For example, men with genomic microsatel-
lite instability have a higher frequency of mutations in DNA repair genes. Phase 
I/II clinical trial data support the use of PARP inhibitors and DNA-damaging 
agents in this subgroup of patients, following success in using these drugs on 
other cancer types [79].

Some of the genes in CRPC differ from those in untreated primary prostate, i.e., 
monoamine oxidase A (MAOA) [56]. It has been shown that the expression of 
MAOA is induced by exposure to cytotoxic chemotherapy and, via increase in HIFα 
levels, contributes to docetaxel resistance. Since reversible competitive inhibitors 
with good selectivity for MAOA are approved for use as antidepressants, their 
potential use to enhance the effectiveness of already established therapies and to 
circumvent therapy resistance provides promising treatment options [80].

In addition, the stromal cells of primary prostate cancer secrete proteins, such as 
WNT16B, which increase chemoresistance and can potentially be targeted for aug-
menting the response to chemotherapeutic agents [81].

 Conclusion

In this chapter we reviewed some of the challenges in prostate cancer diagnosis 
and prognostication from a pathologist’s perspective. While there are many 
exciting and promising advancements in the field of prostate cancer research 
leading to new approaches to therapy such as “precision or personalized medi-
cine” especially in academic and tertiary care centers, there is still room for 
improving the access of patients for these individualized therapies.

In an ideal scenario, the diagnosis of prostate cancer is enhanced through 
targeted sampling of the abnormal areas of the prostate gland detected by selec-
tive imaging. Pathologists, in addition to providing clinically significant infor-
mation based on the morphology of the tumor, will report molecular features of 
the tumor which predict biologic behavior and guide the treatment choices with 
the goal of reducing suffering and mortality of men from prostate cancer.
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Abstract
Since many decades, TNM staging has been widely used for almost all the 
cancer- diagnosed cases, to ensure the common language among the literature 
and medicine, but specifically to prostate cancer, treatment decisions have been 
more driven by diagnostic findings such as pretreatment PSA, age, biopsy-based 
Gleason score, and treatment options as well as the TNM staging. The manage-
ment of prostate cancer includes a variety of approaches starting from active 
surveillance for very early stage. Intermediate stages could be treated with either 
surgery, radiotherapy, or brachytherapy with definitive intent. More locally 
advanced stages need combination of hormonal treatment with radiotherapy and/
or surgery. Following the several published surgical nomograms to differentiate 
the patients more suitable for surgery, various attempts to provide probability 
graphs, nomograms, lookup tables, and neural networks were published and also 
validated by various groups in order to clarify the heterogeneity among groups 
and to distinguish patient selections between surgery, external beam therapy, 
brachytherapy, and hormonal therapy. Among the published, more than 20 
nomograms, NCCN, TNM, and D’Amico groupings are the well-known and 
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mostly used evaluation systems. The traditional three-group and new five-group 
risk stratifications and the new prostate grade grouping 1–5 will be in use to 
predict the risk of PSA recurrence following surgery and radiotherapy. The aim 
of this chapter is to provide a scope on these nomograms and comparison to each 
other in clinical practice.

11.1  Introduction

Prostate cancer is the most common nonskin malignancy with low cancer-specific 
mortality rates [9]. The management of prostate cancer includes a variety of 
approaches in a great range starting from active surveillance for very early stage, 
continuing with surgery, radiotherapy, or brachytherapy for intermediate stages 
with definitive intent. More locally advanced stages need combination of hor-
monal treatment with radiotherapy and/or surgery. Chemotherapy is starting to get 
more roles in the treatment of locally advanced stage prostate cancer with lymph 
node- positive patients [9–12]. The most challenging step is to select the best treat-
ment for the suitable patients because prostate cancer itself has heterogenic nature 
which is commonly seen in clinic. Since the last two decades, prostate-specific 
antigen (PSA) and Gleason score have been used for clinical decision guidance. 
Several other prognostic factors such as PSA velocity, tertiary Gleason score, and 
the presence of perineural invasion have been tried to use in patient stratification 
for the best treatment selection, but their roles have not been still clearly recog-
nized [13–17]. More than 20 nomograms published, NCCN, TNM, and D’Amico 
groupings are the well- known and frequently used evaluation system for patient 
guidance [4, 9, 18, 19].

11.2  Staging

Worldwide-accepted TNM classification is used to stage prostate cancer along with 
almost all the cancer types [4]. This staging system structure uniforms the extent of 
the primary tumor (T stage), the spread to nearby lymph nodes (N stage), and the 
absence or presence of distant spread or metastasis (M stage). All information that 
has been obtained by laboratory results, radiological or nuclear imaging, and clini-
cal examination before first definitive management may be used for clinical staging. 
Moreover, clinical stage provides information to distinguish the treatment options, 
such as watchful waiting, active surveillance, surgery, radiotherapy, chemotherapy, 
and/or palliative care. The pathological stage is grounded on the surgical removal 
and histological evaluation of the entire prostate gland, the seminal vesicles, and the 
surrounding structures and pelvic lymph nodes [4]. Regularly the American Joint 
Committee on Cancer (AJCC) and International Union Against Cancer (UICC) 
update the TNM classification system. The latest change was published in 2010; the 
previous 2003 prostate cancer staging principles were preserved except revising 
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microscopic invasion of the bladder neck (previously T4) as T3a and including new 
anatomic stage/prognostic groups that incorporate both Gleason score and preop-
erative PSA. The 2010 AJCC/UICC staging system is summarized in Table 11.1, 
and the new anatomic stage/prognostic groups are outlined in Table 11.2 [4]. The 
grouping is warranted as prostate cancer management and depends on the prostate- 
specific marker biochemical information (e.g., prostate-specific antigen, PSA) and 
pathological information (e.g., Gleason score), where both provide proven prognos-
tic information different from the other cancer types [2, 19, 20].

TNM staging stratification by itself presents a heterogeneous risk grouping sev-
eral nomograms were statistically generated from outcome data on large groups of 
men with prostate cancer. They are used to describe to outcome of the disease using 
well-known diagnostic findings such as pretreatment  PSA, age, Gleason score. 
Using various predictive factors such as T stage, Gleason score, PSA, and histology 
results, more accurate assessment of the risk of metastatic spread, lymph node 

Table 11.1 AJCC staging—prostate cancer

AJCC 7th Edition (2009)
Note: new staging incorporates Gleason + PSA for risk group determination
Primary tumor:
T1—clinically inapparent tumor neither palpable nor visible by imaging
T1a—incidental histologic finding in 5% or less of tissue resected
T1b—incidental histologic finding in more than 5% of tissue resected
T1c—identified by needle biopsy (e.g., because of elevated PSA)
T2—confined within prostate
T2a—involves one half of one lobe or less
T2b—involves more than one half of one lobe but not both lobes
T2c—involves both lobes
T3—extends through the prostate capsule (note: invasion into the prostatic apex or into, but not 
beyond, the prostatic capsule is classified not as T3 but as T2)
T3a—extracapsular extension (unilateral or bilateral) or microscopic invasion of bladder neck
T3b—invades seminal vesicles
T4—fixed or invades adjacent structures other than seminal vesicles: bladder, external 
sphincter, rectum, levator muscles, and/or pelvic wall (note: microscopic invasion of the 
bladder neck is pT3 and not pT4)
Pathological staging: there is no pT1 classification
Regional lymph nodes:
N0—none
N1—yes
Regional lymph nodes: pelvic, hypogastric, obturator, iliac (internal, external), sacralDistant 
lymph nodes: aortic, common iliac, inguinal (deep), inguinal (superficial, femoral), 
supraclavicular, cervical, scalene, retroperitoneal
Distant metastases:
M0—none
M1a—non-regional lymph nodes
M1b—bone
M1c—other sites
Changes from 6th Edition:
New stage groupings incorporate Gleason + PSA
Microscopic bladder neck invasion (previously T4) is now T3a

11 Prostate Cancer Risk Grouping
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involvement, or recurrence following treatment has been achieved [19–21]. 
Especially, nomograms may be used by healthcare professionals in partnership with 
men with prostate cancer to aid decision-making, to help predict biopsy results, to 
help predict pathological stage, and to help predict risk of treatment failure [2].

To date, modern literature presented more than 20 pretreatment predictive mod-
els (probability graphs, nomograms, lookup tables, and neural networks), and 
mainly all were based on three classical prognostic factors (pretreatment PSA, 
biopsy-based Gleason score, T stage) [1, 22, 23].

11.3  PSA

PSA is a glycoprotein normally helping to dissolve semen and can be expressed in 
both benign and malign disorders where PSA leaks out to result an increased level 
in blood test. The potential benefits of PSA testing in clinic are detection of cancer 
before symptoms are occurring and/or spreading, diagnosis at early stage, and aid in 
prostate cancer treatment. The important disadvantage of using PSA as a surrogate 

Table 11.2 NCCN 2010 stage grouping

NCCN stage grouping
Stage grouping:
Note: the AJCC staging manual distinctly lists these as “groups” in contrast to other tumor sites 
where they are listed as “stage”
Group I
T1a–c N0 M0, PSA < 10, Gleason ≤ 6
T2a N0 M0, PSA < 10, Gleason ≤ 6
T1–2a N0 M0, PSA X, Gleason X
Group IIA
T1a–c N0 M0, PSA < 20, Gleason 7
T1a–c N0 M0, PSA ≥ 10 < 20, Gleason ≤ 6
T2a–b N0 M0, PSA < 20, Gleason 7 (corrected in erratum)
T2a N0 M0, PSA ≥ 10 < 20, Gleason ≤6 (added in erratum)
T2b N0 M0, PSA X, Gleason X
Group IIB
T2c N0 M0, any PSA, any Gleason
T1–2 N0 M0, PSA ≥ 20, any Gleason
T1–2 N0 M0, any PSA, Gleason ≥ 8
Group III
T3a–b N0 M0, any PSA, any Gleason
Group IV
T4 N0 M0, any PSA, any Gleason
N1, any PSA, any Gleason
M1, any PSA, any Gleason

Note: when either PSA or Gleason is not available, grouping should be determined by T stage and/
or either PSA or Gleason as available
Correlation with risk groups for localized disease—I is “low risk” (PSA < 10, G ≤ 6), IIA is “inter-
mediate risk” (roughly, PSA 10–20 or G7 and PSA < 20), and IIB is “high risk” (T2c or PSA ≥ 20 
or G ≥ 8)
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marker is that elevated PSA levels may also found in benign prostate hyperplasia, 
prostatitis, ejaculation and increasing age besides adenocarcinoma [24].

PSA has been used as a useful marker for the diagnosis and follow-up of prostate 
cancer [24, 25]. The most significant tools for prostate cancer are PSA levels higher 
than 4 ng/mL and a suspicious digital rectal examination (DRE) even though PSA 
screening has a limitation of low specificity despite high sensitivity which could 
easily lead to false-positive diagnoses [25, 26]. The earliest described prognostic 
factor was pretreatment PSA level which notes that progressively worse biochemi-
cal and prostate cancer outcomes were increasing parallel to PSA level [19, 27]. 
RTOG studies demonstrated that a pretreatment PSA 20 ng/mL predicts a greater 
likelihood of distant failure [28]. A PSA of 20 ng/mL has been a biochemically 
alarming sign that was associated with a greater risk of prostate cancer death [18]. 
Early reports by Partin and colleagues and D’Amico and colleagues defined impor-
tant PSA cut points of <10, 10.1–20, and >20 ng/mL that are still used to define 
prostate cancer risk stratification groups [2, 19].

11.4  Gleason Score

Gleason score was firstly described by a pathologist Donald Gleason in 1960 whom 
he categorized the intrinsic morphologic heterogeneity of prostate cancer into a 
histological grading system, and since then several studies have clearly established 
its prognostic value [29, 30]. It has been a standard in urological pathology and 
could be defined as the most important tool for oncological outcomes. A primary 
and a secondary pattern (the range of each is 1–5) of the glands defined by micros-
copy are defined and then summed to a total score. The newly diagnosed needle 
biopsy-detected prostate cancers are graded Gleason score 6 or above [30]. If a 
single pattern of disease is seen, it should be reported as both grades. In a radical 
prostatectomy, if a tertiary pattern is present, it is stated in comment section. Gleason 
score listing was given in Table 11.3. Recent studies have demonstrated that Gleason 
score was an extremely important prognostic factor for prostate cancer outcomes 
[31]. In an analysis of the Radiation Therapy Oncology Group (RTOG), consisting 
of more than 1500 men included on prospective randomized trials, Gleason score 
was found to be the only most important predictor of death from prostate cancer [28, 
31]. At the diagnostic pathology, Gleason score has to be defined and taken into 
consideration for patient personalized treatment selection.

Table 11.3 Gleason scoring 
system

Score Definition
Gleason X Gleason score cannot be processed
Gleason 6 Well differentiated (slight anaplasia)
Gleason 7 Moderately differentiated (moderate 

anaplasia)
Gleason 8–10 Poorly differentiated/undifferentiated 

(marked anaplasia)
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11.5  T Stage

The T stage involves the evaluation of the local extent of the primary tumor in the 
prostate and its association to adjacent structures. The digital rectal examination 
(DRE) is still accepted as the “gold standard” for staging which provides almost 
nonsensitive information for extracapsular extension and depends on the examiner’s 
experience [32]. Imaging is usually warranted to distinguish between T2 and T3/T4 
(spread outside the prostate) cancers where MRI is the commonly used imaging 
technique for T staging of prostate cancer [33, 34].

AJCC TNM staging system subdivides pT2 disease into three categories pT2a, 
pT2b, and pT2c as determined by involvement of one half of one side and more than 
one half of one side and involvement of both sides of the prostate gland. The impor-
tance of this subdividing is the representation of the volume of cancer. pT3 disease 
has been categorized by two sections depending on the presence of extracapsular 
invasion in any location and presence of seminal vesical invasion with or without 
extracapsular invasion. Four large retrospective analyses have addressed that micro-
scopic involvement of the bladder neck tissue by prostate cancer does not predict a 
significantly worse prognosis than extracapsular extension which has been expressed 
in the new version of staging and revised as pT3a [4].

11.6  Surgical Nomograms

Partin’s table was established as the first nomogram that helps to predict the risk of 
post-prostatectomy, seminal vesicle invasion, and lymph node positivity after radi-
cal prostatectomy as a function of initial PSA, Gleason score, and clinical T stage 
based on a cohort of 2953 patients [27]. The following important surgical analytical 
models were published by Kattan and Stephenson (Fig. 11.1 and Table 11.4) [21, 
35]. Kattan nomogram relates the classical prognostic factors with biochemical 
recurrence outcome, whereas the lately stated Stephenson nomogram relates the 
three classical prognostic factors to 15-year cancer-specific mortality with valida-
tion of 82% accuracy in a cohort of 12,677 radical prostatectomy patients [21, 36]. 
All nomograms described above were surgical nomograms that were developed by 
urologists.

11.7  Treatment Decision-Derived Nomograms

In 1998, D’Amico and colleagues first suggested a three-group risk stratification 
system to predict posttreatment biochemical failure after radical prostatectomy or 
external beam radiotherapy [19]. This system separated nonmetastatic patients into 
low, intermediate, and high risk grounded on initial PSA, clinical T stage, and 
biopsy Gleason score. Categories were as follows: low-risk prostate cancer as hav-
ing 1992 AJCC T1/T2a and PSA ≤ 10 ng/mL and Gleason score ≤ 6, intermediate- 
risk prostate cancer as having 1992 AJCC T2b and/or PSA 10–20 ng/mL and/or 

Y. Bolukbasi et al.



197

Gleason 7 disease, and high-risk disease as having any one of the following high- 
risk features—1922 AJCC ≥T2c, PSA >20 ng/mL, or Gleason 8–10 disease [19]. 
Although this system has been defined for patient selection for radiotherapy, it has 
been validated in surgical series [37].

In 2001, The Genito-Urinary Radiation Oncologists of Canada (GUROC) issued 
the consensus on the prostate cancer topics of risk evaluation, conformal radiother-
apy, and brachytherapy and combined hormonal therapy [38]. A consensus of risk 
stratification for prostate cancer around three categories was defined: (1) low, 1997 
AJCC T1–T2a, PSA ≤10 ng/mL, and Gleason ≤6; (2) intermediate, 1997 AJCC 
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Fig. 11.1 Kattan nomogram. Source: M. Kattan et al., Cancer 112: 69–74, 2008

Table 11.4 Stephenson nomogram: pretreatment risk stratification for prostate cancer

Risk group Clinical stage Gleason score Serum PSA
Standard risk groups
Low risk T1c–T2a ≤6 <10 ng/mL
Intermediate risk T2b 7 10–20 ng/mL
High risk T2c, T3 8–10 >20 ng/mL
Risk groupings used by Memorial Sloan Kettering and Seattle groups [1, 2]
Low risk ≤T2a ≤6 <10 ng/mL
Intermediate risk One elevated risk factor

One elevated risk factor: clinical 
stage ≥T2a disease, Gleason score 
≥7, PSA ≥10 ng/mL

High risk Two elevated risk factors

T1c tumor identified by needle biopsy (e.g., because of elevated PSA), T2a tumor which involves 
one half of one lobe or less, T2b tumor which involves more than one half of one lobe but not both 
lobes, T2c tumor involving both lobes
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T1–T2, PSA ≤20 ng/mL, and Gleason ≤7 not otherwise low risk; and (3) high risk, 
1997 AJCC T3–T4 or PSA >20 ng/mL or Gleason 8–10 [38]. In 2013, Rodrigues 
et al. validated the published three-group risk stratification system in a database that 
consists of 7974 patients from four Canadian institutions. Additionally, to improve 
the selection capability, recursive partitioning analysis was developed to determine 
the sub-stratification of groups defined in 2001 which suggested six separate and 
statistical unique groups [39]. GUROC low-risk patients were classified as favor-
able low and low-risk groups based on PSA ≤ 6 and PSA > 6. Additionally GUROC 
intermediate-risk patients were subclassified into low-intermediate and high- 
intermediate groups which were intersected by PSA ≥ 10 and either T2b/T2c dis-
ease or T1–T2a disease with Gleason 7. An additional extreme-risk group (GUROC 
high-risk and positive cores ≥ 87.5% or PSA > 30) was added to the GUROC high- 
risk patient categorization [39]. The GUROC has published a project to revise 
appropriate definitions of low-intermediate, high-intermediate, and high-risk pros-
tate cancer using a multi-institutional database to using new candidate factors as 
amount of high-grade cancer, Gleason pattern 3 + 4 versus 4 + 3, percentage of posi-
tive biopsy cores, and T stage (i.e., presence of T2b/T2c disease). Available 
Canadian databases considered for combined analysis will include the British 
Columbia Cancer Agency prostate cancer database, the National Cancer Institute of 
Canada PR5 intermediate-risk dose (and dose per fraction) fractionation study, as 
well as the Princess Margaret Hospital prostate cancer dose escalation and brachy-
therapy clinical databases [1]. In this project, up to six categories (very low risk, low 
risk, low-intermediate risk, high-intermediate risk, high risk, and extreme risk) will 
be defined and characterized in terms of ASTRO BFFS and overall survival. In 
addition, the ProCaRS database will be used to perform direct propensity score 
matched- pair analyses of various interventions (e.g., brachytherapy vs. external 
beam radiation therapy) [1]. Gabriele et al. has published a new classification with 
a combination of age, pretreatment PSA’ clinical-radiological staging, Gleason 
score, and percentage of positive cores at biopsy. EUREKA-2 retrospective multi-
centric database has been used to create “Candiolo” risk classes which are the sub-
groups of all defined variables and compared to D’Amico staging for progression-free 
survival and prostate cancer-specific survival and revealed that this system stratifies 
patients better for these oncological outcomes. Five-year progression-free survival 
was 94% for very low-risk and 43% for very high-risk group (Fig. 11.2). The major 
difference from the D’Amico system was the cutoff level of pretreatment PSA level 
as in this new system defined as 7 ng/mL and 15 ng/mL. Also T2 staging was not 
divided into subgroups as T2a, T2b, or T2c [40]. External validation studies were 
warranted to be accepted as a clinical decision-making tool.

TNM staging stratification which has been the most commonly used disease 
stratification system provides a heterogeneous risk grouping in clinical daily routine 
for prostate cancer. After Roach et al. demonstrated that clinical outcome reflection 
of three classical prognostic factor systems versus one based on T stage classifica-
tion alone was superior. The AJCC and UICC have implemented initial PSA level 
and Gleason score into the staging system [41]. This grouping was generally paral-
lel to the D’Amico classification except previous editions of local advanced stages 
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3 and 4 which were used. In 2010, the NCCN guidelines currently include risk cat-
egories from very low-risk (T1c and Gleason score ≤ 6, PSA ≤10 ng/mL, <3 posi-
tive biopsy cores each ≤50% involved, and PSA density of <0.15 ng/mL/g) to very 
high-risk (T3b–T4) subdivision (Table 11.2) [4] which is clinically useful with dis-
tinct five subgroups.

The Radiation Therapy Oncology Group (RTOG) also proposed a validated four- 
group risk stratification system, as a low-risk cohort (T1–T2 and GS2–GS6 with no 
PSA cutoffs) followed with higher-risk cohorts (RTOG 2—T1T2GS7 or T3GS2–6; 
RTOG 3—T1–T2GS8–10 or T3GS7; and RTOG 4—T3GS8–10) [28]. This group-
ing has been validated in Japan study group database which consists of 15,259 
patients [42]. Five-year overall survival in prognostic groups starting from group I 
to IV was as follows: 90, 88.3, 84.4, 80.6, and 57.1%, respectively. The concordance 
index of prognostic grouping has defined 0.670 and revealed that even hormonal 
therapy was prescribed, the stratification power has been validated.

A part from the previous grouping systems, Williams and Beasley have pub-
lished validation analyses regarding a five-group risk stratification system including 
low (PSA <7.5, Gleason score ≤6), low-intermediate (PSA 7.5–15, Gleason 
score ≤ 6), high-intermediate (PSA 15–20, Gleason score ≤ 6 or PSA ≤10, Gleason 
score ≥ 7), high (PSA 20–30, Gleason score ≤ 6 or PSA 10–20, Gleason score ≥7), 
and extreme (PSA >20, Gleason score ≥7 or PSA >30, Gleason score ≤6) groups 
[21, 43, 44]. Using all GS 7–10 tumors as intermediate or high risk showed improved 
discrimination but still have a lesser significant projection in the intermediate-risk 
region.

In the light of several clinical nomograms, comparisons were performed 
(Table 11.5). Kattan et al. compared previous five-group recursive partitioning 
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Fig. 11.2 Candiolo classifier table. Very low risk, blue; low risk, green; intermediate risk, yellow; 
high risk, orange; and very high risk, red
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analysis- based system to the contemporary NCCN three-group risk stratification 
system and the Kattan nomogram to evaluate and validate using Memorial Sloan 
Kettering Cancer Center prostate cancer data [21]. This comparison was aimed to 
predict biochemical failure defined as three consecutive rises of serum PSA. This 
five-group system was found to be superior when compared to the other systems; 
even, there was difficulty in the discrimination of the intermediate-risk groups [21]. 
The use of hormonal therapy has been more often prescribed for this subgroup of 
patients based on the result of several randomized trials which has not been usually 
accounted in the nomograms. Beasley et al. assessed the impact of hormonal ther-
apy and the five-group model to determine if any subgroups would benefit from 
combined hormonal therapy with external beam radiotherapy [44]. A prospective 
nonrandomized data set of 1423 men treated at the British Columbia Cancer Agency 
was evaluated for the primary end point of biochemical control (bNED) with the 
RTOG-ASTRO “phoenix” definition (lowest PSA to date + 2 ng/mL), both with and 
without adjuvant ADT. Despite no bNED benefit for ADT in the low or low- 
intermediate groups where the Gleason score is 6 or less and PSA is 15 or less, a 
statistically significant bNED benefit in the high intermediate-, high-, and extreme- 
risk groups was demonstrated. These results have suggested that current risk strati-
fication systems should be modified intermediate risk into two groups [44].

To differentiate the patient subgroups, five-section grouping systems seem to be 
more accurate. For example, the NCCN grouping has defined the inclusion of a very 
low-risk category to identify patients that may be entered into observation/surveil-
lance protocols should be considered [4]. Because there are more unreliable results for 
intermediate risk as this group covers more a heterogeneous group of patients in terms 

Table 11.5 Comparisons of the grouping systems at a glance

Group name Low risk Intermediate risk High risk
NCCN PSA < 10, G ≤ 6 PSA 10–20 or G7 and 

PSA < 20
T2c or PSA ≥ 20 or G ≥ 8

D’Amico 1992 AJCC T1/T2a, 
and PSA ≤10 ng/
mL, and Gleason 
score ≤6

1992 AJCC T2b and/or PSA 
10–20 ng/mL and/or 
Gleason 7 disease

Any one of the following 
high-risk features: 1922 
AJCC ≥T2c, PSA > 20 ng/
mL, or Gleason 8–10 
disease

GUROC 1997 AJCC T1–T2a, 
PSA ≤ 10 ng/mL 
and Gleason ≤ 6

1997 AJCC T1–T2, PSA 
≤20 ng/mL and Gleason ≤7 
not otherwise low risk

1997 AJCC T3–T4 or PSA 
>20 ng/mL or Gleason 
8–10

Williams 
and Beasley

Low (PSA < 7.5, 
Gleason score ≤ 6)

Low-intermediate (PSA 
7.5–15, Gleason score ≤6), 
high-intermediate (PSA 
15–20, Gleason score ≤ 6 or 
PSA ≤ 10, Gleason 
score ≥ 7)

High (PSA 20–30, Gleason 
score ≤6 or PSA 10–20, 
Gleason score ≥ 7),
extreme (PSA >20, 
Gleason score ≥ 7 or 
PSA > 30, Gleason 
score ≤ 6) groups

RTOG T1–T2 and 
GS2–GS6 with no 
PSA cutoffs

RTOG 2–T1T2GS7 or 
T3GS2–6

RTOG 3–T1–T2GS8–10 or 
T3GS7
RTOG 4–T3GS8–10
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of outcome and treatment management, a subdivision of the intermediate-risk group 
into a low-intermediate- and a high intermediate-risk group could be proper as given 
the reflection of hormonal therapy for the higher-risk group [44]. Yet, five- group strat-
ification system did not compensate the amount of high-grade cancer, Gleason pattern 
4 + 3 versus 3 + 4, and percentage positive biopsy cores nor tertiary pattern five.

11.8  Prostate Cancer Grading Grouping System

A new Gleason grading system in prostate cancer has been discussed since the 
International Society of Urological Pathology (ISUP) consensus meeting in 2014 gath-
ered many prostate cancer pathology experts, as well as clinicians in urology, radiation, 
and medical oncology [5]. As the lowest current score is 6 in the Gleason grading 
system ranging from 2 to 10, this assigned score terrifies the patients being told, imply-
ing that a score 6 out of 10 carries an intermediate prognosis of an aggressive cancer. 
Besides, current incorrect groupings such as Gleason score 7 without any distinctive 
3 + 4 versus 4 + 3 information might blur the outcome data. Therefore, a broad consen-
sus was built to be adopted to simplify stratification as grade groups 1–5 (defined as 
Gleason grades ≤6, 3 + 4, 4 + 3, 8, and >8, respectively) which will be used in conjunc-
tion with Gleason score such as Gleason score 3 + 3 = 6 and grade group 1; and this 
terminology was accepted by the World Health Organization for the 2016 edition [5].

Rubin et al. sought genomic support in radical prostatectomy data of 426 clini-
cally localized prostate cancer patients for new prostate grading group (PGG) sys-
tem using whole-exome and whole-genome sequencing data [7]. They have pointed 
out a significant frequency increase with increasing PGG in genomic amplifications 
and deletions and in nonsynonymous point mutations entirely haploid in low-risk 
PGG1 but increasing polyploidy frequency in PGG2 to PGG5 and revealed distinct 
classes based on genomic profiles for PGG1, PGG2, and PGG3 and genomic simi-
larity for PGG4 and PGG5. Rubin et al., with the largest to date prostate cancer 
genomic data set, demonstrated increasing genomic alterations with increasing 
PGG and molecular support for new five-tiered PGG system [7]. Epstein et al. tried 
to verify the accuracy of new grading group system in a multi-institutional and mul-
timodal therapy data; [8] data from five academic institutions including 20,845 men 
treated by radical prostatectomy and from two academic institutions including 5501 
men treated with radiotherapy was analyzed. The five-grade grouping system was 
demonstrated for all cohorts to have the highest prognostic discrimination on both 
uni- and multivariable analysis [8]. Loeb et al. evaluated the performance of PGG in 
National Prostate Cancer Register of Sweden with 5880 men (between 2005 and 
2007: 4325, radical prostatectomy; 1555, radiation therapy) [6]. They have docu-
mented PGG as significant independent predictors of biochemical recurrence both 
after radical prostatectomy and radiation therapy based on adjustments for preop-
erative PSA, biopsy PGG, and clinical stage; biochemical recurrence-free survival 
rates for PGG 1–5, respectively, at 4 years by surgery were 89, 82, 74, 77, and 49% 
on biopsy and 92, 85, 73, 63, and 51% for prostatectomy and by radiation therapy 
were 95, 91, 85, 78, and 70% [6].
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The new PGGs 1–5 sound to provide a plain user-friendly classification system 
to independently predict the risk of PSA recurrence following surgery and radio-
therapy [5–8].

 Conclusion
Multiple studies of prognostic factors have been accomplished to create currently 
applied prostate cancer risk stratification systems. The traditional three-group and 
new five-group risk stratifications in addition to the new pathology grade group-
ing 1–5 will be in play to predict the risk of PSA recurrence following surgery and 
radiotherapy. Eventually, in the era of individualization along with the multidisci-
plinary care and consensus, treatment approaches linked to current practice pat-
terns are evolving, and we need to stratify our patients as accurate as possible 
between the risk groups to finalize their treatment recommendations.
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Robotic Surgery in Prostate Cancer

Ömer Acar and Tarık Esen

Abstract
Prostate cancer is the second most common malignancy in men (excluding skin 
cancer) behind lung cancer, with more than one million cases estimated to be 
diagnosed worldwide in 2016. Radical prostatectomy (RP) has been the most 
widely used approach for the treatment of organ-confined prostate cancer. 
However, the high incidence of perioperative morbidities and functional derange-
ments related with open radical retropubic prostatectomy (RRP) has led to the 
search for less invasive treatments to improve oncological outcomes and quality 
of life issues. Binder and Kramer were the first to report the feasibility of robot-
assisted laparoscopic radical prostatectomy in 2001, and the Vattikuti Urology 
Institute at Henry Ford Hospital in Detroit, Michigan, USA, pioneered the estab-
lishment of urologic robotic surgery programs worldwide. The application of 
robotic technology in surgical practice has developed tremendously over the past 
three decades. Urologists in particular have embraced surgical robots throughout 
their evolution, and robot-assisted urologic surgeries have matured into everyday 
clinical practice in many parts of the world. Herein, we will review the available 
literature data about robotic surgery in prostate cancer concentrating mainly on 
the evolution and adaptation of robot-assisted radical prostatectomy (RARP), its 
perioperative/functional/oncological outcomes, results of comparative studies 
with open/laparoscopic RP, and relevant future directions related with optimiza-
tion of RARP outcomes.
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12.1  Robot-Assisted Radical Prostatectomy

Prostate cancer remains the second most commonly diagnosed cancer in men [1]. 
Radical prostatectomy, which represents the removal of prostate together with 
seminal vesicles, can be employed in the setting of organ confined disease. 
Selected patients with locally advanced and oligometastatic prostate cancer can 
also be managed via radical prostatectomy as the first step of a multimodal treat-
ment approach. The first radical prostatectomy was performed by the perineal 
approach in 1903 by Young [4], followed by the description of the retropubic 
technique by Millin [5] in 1947. The current concept of retropubic radical and 
“nerve-sparing” prostatectomy was established by Patrick Walsh et al. in 1982 
[6]. Laparoscopic surgeries were initiated in the 1990s, and the robotic approach 
in radical prostatectomy was introduced in 2001 [2], and at that time, only a few 
case reports or series were published, none of which being able to demonstrate 
any clinical benefit [7–9].

Surgical techniques requiring microsurgical precision and advanced reconstruc-
tive skills, as well as inaccessible operative fields, can be made amenable with 
robotic surgery. Advanced robotic surgical systems such as da Vinci are equipped 
with three-dimensional, high-definition visualization, improved dexterity, seven 
degrees of freedom, ergonomic position, elimination of tremors, and ability to scale 
motions and have effectively overcome several limitations of conventional laparos-
copy. Hence, open surgeons had the option to adapt a minimally invasive approach 
with a relatively simpler and faster learning curve when compared with its “pure” 
laparoscopic counterpart [10].

Since its introduction to the urological armamentarium, robot-assisted radical 
prostatectomy (RARP) carried out using the da Vinci Surgical System TM (Intuitive 
Surgical, Sunnyvale, CA, USA) has been rapidly accepted as a safe and efficacious 
surgical treatment option for localized prostate cancer [11]. Radical prostatectomy 
(RP) represents the most widely performed surgical applications in the context of 
minimally invasive urooncological surgery [11]. Almost 80% of the RARPs per-
formed in the USA are being carried out via the robotic approach [10]. Noteworthy, 
this trend has occurred despite the lack of high-quality evidence to support the supe-
riority of RARP, which will be discussed further in detail in the following sections 
of this chapter.

Indications for RARP are the same as for RRP and laparoscopic radical prosta-
tectomy (LRP), and any of these surgical approaches can be offered to a patient who 
is a candidate for radical prostatectomy. The European Association of Urology 
(EAU) advocates RP to be offered to patients with low- and intermediate-risk pros-
tate cancer and a life expectancy exceeding 10 years. Additionally, those with high- 
risk localized or locally advanced (cT3a) disease together with a life expectancy of 
>10 years can also be candidates for RP as the initial step of a multimodal treatment 
approach. Lastly, highly selected cases with more locally advanced disease 
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(cT3b- T4 N0 or any T N1) can also be considered for RP again in the context of a 
multidisciplinary team approach involving the participation of medical and radia-
tion oncologists [12].

12.2  Overview of the Surgical Steps of RARP

We have been performing RARPs since May 2010 in our clinic. The same surgeon 
(T.E.), who has made a direct transition from open to robotic surgery, has carried out 
all of these operations. Herein, we will review our technique of RARP using the da 
Vinci(si) surgical system (Intuitive Surgical, Sunnyvale, CA, USA), highlighting 
some of the basic steps of the procedure.

We use a transperitoneal antegrade approach and place a total of six abdominal 
ports (four for the robotic arms and two for the bedside assistant) after creating 
pneumoperitoneum via the Hasson technique [13]. Bilateral extended pelvic lymph 
node dissection (ePLND), which includes the removal of obturator, external iliac, 
internal iliac, presacral, and common iliac LNs, is performed in intermediate- or 
high-risk patients and in those with ≥5% risk of pelvic lymph node involvement 
according to Partin tables [14] or Briganti nomogram [15].

Initially, the thin fascial layer over the seminal vesicles and vasa is opened 
(Fig. 12.1). Both vasa are then incised and their inferior portions are retracted to 
aid in dissection (Fig. 12.2). The vas is then followed posteriorly to expose the tips 
of the seminal vesicles. Seminal vesicles are dissected all the way to the base to 
allow for appropriate elevation of the prostate and identification of posterior 

Fig. 12.1 Fascial coverings (curved arrow) over vasa deferentia (straight arrow) are released
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Denonvilliers’ fascia. We avoid using electrocautery particularly at the tip of the 
seminal vesicles in order not to damage the neurovascular bundles and use nonab-
sorbable endoclips. For the posterior dissection, we try to stay on the plane between 
Denonvilliers’ fascia and the prostatic capsule.

After completing the posterior dissection, the peritoneum is incised transversally 
through the medial umbilical ligament. The incision is extended on both sides in an 
inverted U fashion to develop the space of Retzius (Fig. 12.3). Then the endopelvic 
fascia is opened from the base of the prostate to the reflection of puboprostatic liga-
ments bilaterally using cold scissors (Fig. 12.4). After incising puboprostatic 

Fig. 12.2 Vas deferens and seminal vesicle being retracted (straight arrow) to develop the plane 
of dissection (curved arrow)

Fig. 12.3 Prevesical space (the space of Retzius or retropubic space), pubic arc (curved arrow), 
and bladder (straight arrow)
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ligaments (Fig. 12.5), the levator fibers are pushed away from the prostate (Fig. 12.6) 
until the dorsal venous complex (DVC) and urethra are visualized which is neces-
sary to get in a good and reliable DVC stitch.

In order to ligate the DVC, robotic needle drivers are introduced, and the needle 
of an absorbable suture (zero polyglycolic acid) material is placed in the groove 
between the urethra and DVC (Fig. 12.7). The suture strength needs to be sufficient 
to allow the needle holders to pull up and perform a slip knot, which prevents the 
suture from loosening once it is tied (Fig. 12.8).

After identifying the bladder neck via pulling on the urethral catheter and visual-
izing the balloon, the bladder is dissected off the prostate in the midline using a 

Fig. 12.4 Endopelvic fascia (arrow) incised with scissors

Fig. 12.5 Fibers of levator ani (curved arrow) are being pushed away from the prostatic surface 
(straight arrow)
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sweeping motion of the monopolar scissor. Once the anterior bladder neck is opened 
in the midline, bladder neck dissection begins on both sides. Afterward, the anterior 
urethra is divided, and the Foley catheter is retracted out of the bladder to apply 
upward traction (Fig. 12.9) which will be helpful while controlling the pedicle and 
exposing the posterior bladder neck.

Remaining peripheral bladder attachments are divided (Fig. 12.10) to flatten out 
the area of the posterior bladder neck, full thickness of which should be incised at 
the junction between the prostate and bladder. After grasping and applying traction 
to the lip of posterior bladder neck, the natural plane of dissection, which should be 
directed posteriorly and cranially, is appreciated more easily. This dissection should 
be carried out once the seminal vesicles are exposed.

Fig. 12.6 Puboprostatic ligament (arrow) is being incised by scissors

Fig. 12.7 Dorsal venous complex (DVC) stitch is being placed into the groove between the ure-
thra (curved arrow) and DVC (straight arrow)
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We usually opt for an interfascial nerve-sparing pedicle dissection in an ante-
grade manner during RARP, if it is oncologically feasible to do so. For this purpose, 
the periprostatic fascia is incised, and then the tissue on the lateral aspect of the 
prostate is gently spread in order to identify prostatic capsule and the neurovascular 
bundle (NVB). No thermal energy is used during NVB dissection or ligation of the 
pedicle, and since the plane between the NVB sheath and the prostate capsule is 
relatively avascular, there should be minor bleeding once you are in the correct 
route. The NVB is then released in an antegrade fashion toward the apex (Fig. 12.11). 
The prostate pedicle can then be thinned out with sharp dissection, and this separa-
tion will allow safe placement of clip(s) on the pedicle away from the NVB.

Fig. 12.8 Estimating the suture strength before applying the knot

Fig. 12.9 The plane between the prostate (straight arrow) and anterior bladder neck (curved 
arrow) is developed, exposing the Foley catheter and the bladder mucosa (oval area)
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Cold scissors are used to divide the DVC and a long urethral stump is developed 
(Fig. 12.12). The urethra is then incised at the apex of the prostate to completely 
liberate the prostate (Fig. 12.13). In case of large prostate volume, large median 
lobe, or in patients with previous TURP, bladder neck reconstruction via application 

Fig. 12.10 Peripheral bladder attachments (curved arrow facing up) are being divided via clips. 
Note the dissection plane between the bulk of seminal vesicles (straight arrow) and prostate 
(curved arrow facing down) and bladder attachments

Fig. 12.11 Neurovascular bundle (NVB) (straight arrow) is released off the prostate capsule and 
prostatic fascia (curved arrow) via gentle sharp dissection
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of transverse plication sutures can be necessary. Otherwise we usually attempt to 
preserve the bladder neck.

After the specimen is extracted and the hemostatic measures are taken, the next 
step will be vesicourethral anastomosis. Before doing so, we usually apply the tech-
nique that has been proposed by Rocco et al. in 2006 [16], which includes restora-
tion of the posterior aspect of the rhabdosphincter by reconstruction of the 
surrounding musculofascial plate in an attempt to fasten the recovery of continence 
post-RARP.

The urethra and bladder are reapproximated using running sutures as described 
by Van Velthoven [17]. Two 3/0 barbed sutures are used for this purpose, and first 
the posterior anastomosis is completed in a clockwise direction which is followed 
by the anterior anastomosis which is conducted in a counterclockwise fashion 

Fig. 12.12 Urethra (curved arrow) is being divided at the level of prostatic apex (straight arrow)

Fig. 12.13 Urethra is divided anteriorly; urethral lumen (arrow) becomes visible. Transection 
proceeds with the posterior aspect of the urethral circumference
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(Fig. 12.14). Then a Foley catheter (Chap. 22) is placed, and saline irrigation is done 
to confirm the watertightness of the anastomosis. Following this confirmation, a 
Jackson-Pratt drain is placed around the anastomosis, and all the trocars are removed 
under direct vision. Foley catheter is removed after 7 days without the routine need 
of a cystography.

A total of 121 patients have undergone RARP in our clinic between May 2010 
and August 2016. Mean patient age and mean pre-biopsy serum PSA level were 
60.2 years (range, 40–76) and 6.6 ng/mL (range, 1–40), respectively. Mean ASA 
(American Society of Anesthesiologists) score and mean BMI (body mass index) of 
the patients were 1.6 (range, 1–3) and 28.2 kg/m2 (range, 22–37), respectively. 
Operations lasted 202.2 min (range, 115–440) on average, and mean estimated 
blood loss amount was 153.6 mL (range, 50–900). A total of four patients (3.3%) 
have received blood transfusions. Open conversion rate was 1.6% (n, 2). Sixteen 
complications that were of Clavien grade 2 and higher were recorded during the 
perioperative period of 11 patients. Distribution of the complications were as fol-
lows: grade 2 (n, 7 in seven patients), grade 3a (n, 2 in two patients), grade 3b (n, 
6 in five patients), and grade 4 (n,1 in one patient). Mean duration of hospitalization 
was 4.5 days (range, 2–10). Overall positive surgical margin rate was 4.9% (n, 6). 
Distribution of the RP Gleason scores were as follows: 3 + 3 (3.9%), 3 + 4 (45.5%), 
4 + 3 (11.8%), 4 + 4 (1.9%), 4 + 5 (3.9%), and 5 + 4 (2.9%). Mean tumor volume in 
the RP specimens was 2.89 cm3 (range, 0.2–18.5). After a mean follow-up duration 
of 13.8 months, biochemical recurrence was detected in a total of 12 patients (9.9%).

12.3  Perioperative Outcomes

Novara et al. has reported the perioperative outcomes and complications after robot- 
assisted radical prostatectomy in their systematic review and meta-analysis of the 
literature focusing on 110 papers published between January 1, 2008 and August 

Fig. 12.14 Urethral stump (curved arrow facing down) is being anastomosed with the bladder 
neck (curved arrow facing up) via continuous sutures. Posterior lips of the two ends have been 
joined (straight arrow)
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2011 [18]. Overall, mean operative time, mean blood loss, and mean transfusion 
rate were 152 min (range, 90–291), 166 mL (range, 69–534), and 2% (range, 0.5–
5%), respectively. Mean duration of catheterization was 6.3 days (range, 5–8.6), and 
patients were hospitalized for a mean period of 1.9 days (range, 1–6). They addi-
tionally evaluated the outcomes in “difficult-to-treat” patient subpopulations. 
Higher BMI, higher prostate volume, prior BPH surgery, and the presence of median 
lobe were found to be associated with longer operative times. Larger prostates also 
lead to higher amount of blood loss, longer catheterization time, and longer length 
of hospitalization [18]. In the same study, the mean complication rate was calcu-
lated as 9% with the majority being of low grade (grades 1–3 according to the 
Martin criteria [19]), and the most prevalent complications were lymphocele/lym-
phorrhea (3.1%), urine leak (1.8%), and reoperation (1.6%).

Cumulative analyses of the studies comparing open RP versus robotic RP 
yielded that rates for blood loss and transfusion were in favor of RARP. On the 
other hand, operative duration and overall complication rates were similar between 
the two approaches. Considering the comparison between laparoscopic RP and 
robotic RP, transfusion rate, which was significantly lower in RARP, was the only 
parameter that showed a statistically significant difference. The authors denoted 
the impossibility of meta-analyses in terms of catheterization time and length of 
hospital stay [18].

Another systematic review and meta-analysis of the perioperative outcomes have 
revealed significantly less complications following RARP as compared to RRP and 
LRP [20]. Perioperative results of some of the most contemporary RARP series 
with available data are summarized in Table 12.1.

12.4  Functional Outcomes

12.4.1  Erectile Function

Ficarra et al. have published a systematic review and meta-analysis of the studies 
that have reported outcomes related with erectile function in 2012 [28]. The 12- and 
24- month potency rates ranged from 54 to 90% and 63 to 94%, respectively. In this 
paper, they have covered the RARP series that were published between 2008 and 
2011 and included more than 100 patients. Age, baseline erectile function 
(International Index of Erectile Function (IIEF)-5 score), comorbidities (Charlson 
score), and extension of the nerve-sparing procedure represented the most important 
predictors of the risk of postoperative erectile dysfunction.

Furthermore, combination of these variables (age, IIEF score, and Charlson 
score) within the context of Briganti risk group stratification made it possible to 
provide a better overview to the patients about what to be expected after RARP in 
terms of erectile function recovery according to their individual risk category. Low- 
risk patients’ (age ≤ 60 year, baseline IIEF-6 > 21, and Charlson score ≤ 1) potency 
rates were 81.9% at 12 months, while the same rate was calculated to be 28.6% 
among high-risk individuals (age > 70, baseline IIEF-6 score ≤ 10, and Charlson 
score ≤ 2) [29].
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Among the clinical series that included only the bilateral nerve-sparing proce-
dures, 3-, 6-, 12-, and 24-month potency rates were 56%, 69% (50–86%), 74% 
(62–90%), and 82% (69–94%), respectively [28]. (A)thermal dissection of the neu-
rovascular bundles [30], cold dissection of the cavernous nerve [31], countertraction 
during the nerve-sparing dissection [32], and the boundaries of the nerve-sparing 
dissection (intrafascial, interfascial, and extrafascial) represent the most common 
technical modifications that have been tested in terms of their potential beneficial 
role regarding postoperative erectile function recovery. Mean potency rates at 3, 6, 
and 12 months were 44, 50, and 66% (62–75%), respectively, in the clinical series 
using cautery (monopolar or bipolar) dissection and 52%, 78% (70–86%), and 81% 
(62–90%), respectively, in the studies using the athermal dissection [28]. Available 
data seem to support the use of cautery-free dissection or the use of pinpointed low- 
energy cauterization.

Despite the absence of high-quality level of evidence within this context, cumu-
lative analyses showed better 12-month potency rates after RARP in comparison 
with RRP (odds ratio [OR], 2.84; 95% confidence interval [CI], 1.46–5.43; 
p = 0.002). On the other hand, the difference between RARP and LRP remained 
statistically insignificant (OR, 1.89; p = 0.21) [28].

In the recently published prospective randomized study comparing the out-
comes of open versus robotic RP, which represent the relevant paper with the high-
est level of evidence so far, sexual function scores (sexual domain of EPIC and 
IIEF) did not differ significantly between the RRP group and the RARP group at 
6 weeks postsurgery (30.70 vs. 32.70; p = 0.45) or 12 weeks postsurgery (35.00 vs. 
38.90; p = 0.18) [33].

12.4.2  Continence

In their systematic review, Ficarra et al. have analyzed 51 articles that reported on 
urinary continence rates after RARP [34]. If urinary continence was defined more 
strictly as using no pads at all, the 12-month urinary incontinence rates ranged 
from 4 to 31%, with a mean value of 16%. However, if the definition was extended 
to involve a safety pad, then the incidence ranged from 8 to 11%, with a mean 
value of 9%. Age, body mass index, comorbidity index, lower urinary tract symp-
toms, and prostate volume were the most important preoperative parameters that 
influenced the risk of urinary incontinence after RARP. When different surgical 
approaches were compared in terms of continence recovery, RARP outperformed 
open (OR, 1.53; p = 0.03) and laparoscopic RP (OR, 2.39; p = 0.006) with a sig-
nificantly better 12-month continence rate [34]. Approaching extra- or transperi-
toneally [35], bladder neck preservation [36], hypothermic nerve-sparing 
dissection using cold irrigation [31], dividing dorsal venous complex via athermal 
techniques initially and then selectively suture ligating prior to anastomosis [36], 
barbed versus monofilament sutures for urethrovesical anastomosis [37], and pos-
terior/anterior reconstructions [38] represent the most commonly utilized/tested 
technical modifications that were employed in an effort to optimize continence 
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recovery post-RARP. Available literature data seems in favor of total reconstruc-
tion with a significantly better continence outcome early postoperatively when 
compared with those who did not undergo such a reconstruction. However, it 
should be noted that beyond 6 months postoperatively continence rates of those 
who were reconstructed or not started to overlap.

A recent, prospective, controlled, nonrandomized, multi-institutional trial, com-
paring open and robotic approaches, showed that continence rates did not differ at 
12 months postoperatively [39]. Yaxley et al. reported nonsignificant differences 
between the urinary function scores (urinary domain of EPIC) of open versus 
robotic RP at 6 (74.50 vs. 71.10; p = 0.09) and 12 weeks (83.80 vs. 82.50; p = 0.48) 
postoperatively in their randomized controlled phase 3 study [33]. Functional results 
of some of the most contemporary RARP series with available data are summarized 
in Tables 12.2 and 12.3.

12.5  Oncological Outcomes

Long-term data from RARP series has shown that the actuarial biochemical 
recurrence- free survival, metastasis-free survival, and cancer-specific survival rates 
at 10 years were 73.1, 97.5, and 98.8%, respectively. The overall incidence of 

Table 12.2 Continence outcomes of selected RARP series

Study N
Assessment 
method Criterion

6 months, 
%

12 months, 
%

24 months, 
%

Krambeck et al. [25] 286 NVQ No leak NA 91.8 NA
Di Pierro et al. [40] 75 NVQ No leak NA 89 NA
Geraerts et al. [41] 64 Physician 

reported
No leak 90.3 89.8 NA

Rocco et al. [24] 120 Interview No pad/one 
safety pad

93 97 NA

Son et al. [42] 146 NVQ No pad 87.5 94.5 95.2
Joseph et al. [43] 50 Physician 

reported
No pad 90 NA NA

NA not available, NVQ nonvalidated questionnaire

Table 12.3 Potency outcomes of selected RARP series

Study N
Assessment 
method Criterion

3 months, 
%

12 months, 
%

24 months, 
%

Krambeck et al. [25] 286 NVQ Intercourse NA 70 NA
Di Pierro et al. [40] 75 NVQ Presence of 

erection
26 55 NA

Joseph et al. [43] 50 IIEF Erection 
sufficient for 
intercourse

46 NA NA

Rocco et al. [24] 120 Interview Intercourse 31 43 61

NA not available
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biochemical recurrence and positive surgical margins (PSM) following RARP were 
22.4 and 9–15%, respectively [18, 44]. These results are comparable to contempo-
rary open RP cohorts.

In the systematic review conducted by Novara et al., the mean PSM rates after 
RARP in pT2, pT3, and pT4 disease were 9, 37, and 50%, respectively. Serum PSA 
level, pT stage, Gleason score, prostate volume, surgeon experience, type of nerve- 
sparing approach, and technique of DVC control were among the most important 
factors that predicted the likelihood of PSMs [18].

Despite considerable methodological flaws and uncertainties, a recent systematic 
review demonstrated that RARP was associated with lower perioperative morbidity 
and a reduced risk of positive surgical margins compared with its pure laparoscopic 
counterpart [45].

De Carlo et al. have compared retropubic, laparoscopic, and robotic radical 
prostatectomy in terms of their oncological outcomes in their recent systematic 
review covering 44 relevant articles published between 1999 and 2013 [46]. As a 
result, mean overall PSM rate of RARP was 21.14%, whereas LRP and RRP 
yielded PSM rates of 22.04 and 22.45%, respectively. When only the pT2 tumors 
were considered, PSM rates were calculated to be 10.53, 17.44, and 16.64%, 
respectively, for RARP, LRP, and RRP. Among pT3 cancers, PSM rates were 
53.37, 49.61, and 46.75%, respectively. According to the results of cumulative 
analyses, PSM rates were similar for RRP versus LRP. However, statistical analy-
ses of the comparative studies reporting data on RRP and LRP versus RARP mar-
gin status indicated a significant difference in favor of RARP [46]. Oncological 
results of some of the most contemporary RARP series with available data are 
summarized in Table 12.4.

12.6  RARP in High-Risk Prostate Cancer

There has been a recent trend toward performing RP in high-risk prostate cancer, 
and based on the current literature, RARP seems to have similar oncological out-
comes including surgical margin positivity, biochemical recurrence and recurrence- 
free survival rates, additional treatment requirements, and lymph node (LN) yields 
with similar complication rates compared to open surgery in this particular patient 

Table 12.4 Oncological outcomes of selected RARP series

Study N Overall PSM, % pT2 PSM, % pT3 PSM, %
Menon et al. [21] 30 26 NA NA
Tewari et al. [22] 200 6 NA NA
Krambeck et al. [25] 286 15.6 NA NA
Di Pierro et al. [40] 75 16 8.3 42.8
Drouin et al. [27] 71 15.4 9.8 60
Harty et al. [47] 152 50 12 79
Rozet et al. [26] 133 19.5 20 NA

NA not available
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group. Moreover, decreased blood loss, lower transfusion rates, and shorter length 
of hospitalization seem to be the advantages of robotic surgery in this context [48].

Tissue characteristics and intraoperative findings may make dissection more dif-
ficult and increase the likelihood of perioperative complication in high-risk patients: 
bulky and adherent disease, seminal vesicle and/or bladder neck involvement, extra-
capsular extension of the tumor especially in the apical region, loss of tissue planes 
between the prostate and rectum, etc. In order to perform RARP without compro-
mising oncological efficiency in such high-risk and/or locally advanced cases, one 
should have gained sufficient expertise in low-risk cases.

Preoperative multiparametric MRI might be helpful for the surgeon and tailor the 
surgical management strategy by delineating the risk, extent, and location of extra-
capsular disease, presence/absence of seminal vesicle invasion, and extent of pelvic 
lymph node involvement.

12.7  RARP in the Salvage Setting

Salvage RP is a surgically challenging but effective secondary local treatment of 
prostate cancer that recurred after radiotherapy with curative intent. In salvage RP 
for radiorecurrent prostate cancer, tissue planes are often obscured, and there is 
adherence of adjacent structures such as the rectum, pubic bone, and bladder. 
Healing and recovery are also delayed following energy destruction of tissue.

Considering the robotic approach in salvage RP, pneumoperitoneum may con-
tribute to reduced blood loss compared to open salvage RP with EBL and transfu-
sion requirements that do not appear to exceed that of primary RARP. However, all 
of these advantages may be offset by the lack of tactile feedback, which is a major 
concern in this setting. Future improvements in haptic feedback technology are 
especially important in salvage surgeries where tissue planes are harder to discern.

Despite the fact that complications were not reported in a standardized categori-
cal manner, the majority of them were of high importance as they required proce-
dural intervention for bladder neck contracture, artificial urinary sphincter, or penile 
prosthesis.

Zargar et al. have recently conducted a systematic review and reported on ten 
case series including 197 men undergoing salvage RARP (sRARP) after varying 
modalities of radiotherapy. The majority of the patients (>2/3) were recurrence-free 
at the time of follow-up. However, continence and potency rates of 60 and 26%, 
respectively, deserved attention to the increased likelihood of functional deteriora-
tion after such salvage surgery attempts irrespective of the minimally invasive 
nature of the intervention [49].

One of the largest sRARP series has been published by Yuh et al. who have 
reported the outcome of 51 consecutive patients who underwent sRARP after 
previous failed local radiotherapy. Median operative time and estimated blood 
loss amount were 179 min and 175 mL, respectively. Positive surgical margin rate 
was 31%. After a median follow-up of 36 months, their estimated 3-year bio-
chemical recurrence or progression-free survival was 57%. Noteworthy, they 
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reported significant complication (47%) rates. Potency was maintained in 23% of 
preoperatively potent men, and spontaneous return of urinary continence was 
achieved in 23 patients (45%) with a median time to continence of 6 months [50]. 
Nevertheless, they emphasized the importance of proper patient counseling and 
selection before sRARP.

Available data about salvage RARP is consisting of small case series with lim-
ited follow-up. Larger series with a longer follow-up are necessary to make defini-
tive conclusions about the oncological and functional outcomes.

12.8  The Concepts of “Trifecta” and “Pentafecta”

Salomon et al. were the first to report functional and oncological outcomes of their 
series consisting of open, laparoscopic, and perineal prostatectomy in 2003 [51]. 
Afterward, innumerous case series, comparative studies, and reviews concentrat-
ing on the outcome of RARP have been published. The term “trifecta,” which 
includes the description of concomitant oncological, continence, and potency out-
comes in a patient who has undergone RP, was introduced at the Challenges in 
Laparoscopy Conference in 2004 [52]. Trifecta simply denotes freedom from bio-
chemical recurrence in a potent and continent patient s/p RP. However, the defini-
tions of continence and potency within this context are not universally agreed 
upon, which definitely affects the success numbers that have been reported. Trifecta 
rates in preoperatively potent and continent men following RARP may show con-
siderable variations throughout the literature, with as low as 37.3% or as high as 
86% which were found to be fulfilling the criteria at 12 months in different series 
[53]. Age at surgery, initial PSA level, nerve-sparing status (uni- and bilateral or 
none), and preoperative functional assessment were found to be influencing the 
trifecta outcome [54].

In 2011, Patel et al. introduced the term “pentafecta” which includes the addition 
of the absence of postoperative complications and negative surgical margins to the 
established trifecta criteria. They have reported the pentafecta outcomes of 332 pre-
operatively potent men who underwent RARP with bilateral nerve sparing. At 3-, 
6-, and 12-month follow-up, 51.8, 66.9, and 70.8% of this cohort, respectively, 
achieved pentafecta. The most common reasons for pentafecta failure were erectile 
dysfunction (35.0%) and positive surgical margins (31.9%). Age at surgery was the 
only parameter that showed a significant association with pentafecta on multivari-
able analyses [55].

12.9  Robot-Assisted Pelvic Lymph Node Dissection

The lymph nodes that drain the lymphatic outflow of the prostate are external iliac- 
obturator (38%), internal iliac (25%), common iliac (16%), para-aortic/para-caval 
(12%), presacral (8%), and inguinal (1%) [56]. Indications for pelvic lymph node 
dissection (PLND) do not differ between robotic, laparoscopic, and open RPs. 
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Therefore, if a PLND is indicated, then it should be done in the context of every 
RP, no matter what the surgical approach is. In other words, surgical approach 
preference should not preclude a PLND from being properly done in a patient who 
actually deserves it. EAU recommends an extended PLND in those intermediate-
risk patients (cT2a, PSA 10–20 ng/mL, biopsy Gleason score 7) whose probability 
of lymph node involvement exceeds 5% on the Briganti nomogram and all high-
risk patients (≥cT2b, PSA > 20 ng/mL, biopsy Gleason score ≥ 8) [12]. Extended 
PLND dissection field is bounded by the external iliac artery anteriorly, the pelvic 
side wall laterally, the bladder wall medially, the floor of the pelvis posteriorly, 
Cooper ligament distally, and the common iliac artery/ureter crossing proximally 
[57]. Several authors have reported the feasibility of an extended PLND during the 
course of RARP with a mean number of 12–19 lymph nodes being extracted and 
the positive node rates ranging from 11 to 24% [58, 59]. Transperitoneal and extra-
peritoneal RARP yielded similar results in terms of the lymph node yield. However, 
the risk of postoperative symptomatic lymphocele is higher with the extraperito-
neal approach [35].

12.10  The Pasadena Consensus Panel

The Robotic Urology Section of the European Association of Urology organized a 
consensus conference in Pasadena, California, gathering the 17 world leaders in 
prostate cancer and radical prostatectomy. Aims were to review the available litera-
ture data on RARP, critically assess surgical techniques, and describe best practice 
recommendations [57]. According to the Pasadena Consensus Panel (PCP), indica-
tions of RARP should principally be the same as LRP or RRP. Additionally, it is the 
panel’s advice that only the (very) experienced robotic surgeons should operate on 
special patient subgroups such as those with a body mass index > 30, prostate vol-
ume > 70 cm3, history of prior TURP, presence of median lobe, high-risk features 
necessitating extended pelvic lymph node dissection, history of previous pelvic sur-
gery, and recurrent disease after radiation therapy, cryotherapy, or HIFU requiring 
salvage RARP [57].

Considering relatively young sexually active men without significant comorbidi-
ties and low-risk disease, every effort should be made in order to maximally pre-
serve cavernous nerves by following the plane between the prostate capsule and 
prostatic fascia (intrafascial). Those with intermediate- or high-risk localized dis-
ease, intact preoperative erectile function and absence of significant comorbidities 
should be candidate for a “partial” nerve-sparing approach which denotes the plane 
within the multilayer tissue of the prostatic fascia (interfascial). The preoperative 
erectile dysfunction, the lack of interest in sexual activity, and the presence of sig-
nificant comorbidities were accepted as the indications for a “minimal” nerve- 
sparing strategy in which only the nervous structures that run at the posterolateral 
aspect of the prostate are spared while staying extrafascial [57].

The PCP confirmed that the well-established indications of pelvic lymph node 
dissection in prostate cancer can safely be applied in the robotic setting once the 
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decision to proceed with radical surgery has been settled down. Considering high- 
risk cases, the PCP advocated the safe and effective utility of RARP along the later 
steps of the learning curve.

12.11  Technical Modifications and Novelties Related 
with RARP

The surgical technique of RARP has evolved over the last 15 years. Initial surgical 
technique imitated a laparoscopic approach, which started posteriorly to dissect the 
seminal vesicles and vasa deferentia, followed by mobilization of the bladder in 
order to approach the bladder neck. Patel et al. have proposed their “VIP” tech-
nique, whereby the prostate is approached anteriorly, starting with the bladder take-
down, followed by the bladder neck, and then dissecting the seminal vesicles and 
vasa deferentia. This modification enabled the robotic approach to be applied on 
“difficult-to-treat” patient subpopulations, such as those with higher BMI [3]. 
Furthermore, anatomic studies revealed that the NVB spread over a wider surface of 
the prostatic fascia, not merely the posterolateral aspect [60, 61]. The preserved 
neural tissue of the anterolateral aspects of the periprostatic fascial layer (Veil of 
Aphrodite) could potentially allow for greater nerve preservation [62] and hence 
optimize functional outcomes. Preserving these “anterolateral” neural structures in 
addition to their posterolateral counterparts resulted in better recovery of postopera-
tive erectile function and a higher percentage of erections firm enough for inter-
course at 12 months postoperatively, compared to men undergoing a “conventional” 
bilateral nerve-sparing technique [63].

Ko et al. compared antegrade vs. retrograde nerve-sparing dissection during 
RARP in terms of their effect on functional recovery. They evaluated 501 potent 
men who underwent bilateral nerve-sparing RARP and had eligible follow-up data. 
Potency rates were significantly higher in the retrograde approach at all time points. 
On multivariate analyses, nerve-sparing approach was found to be an independent 
predictor for potency recovery, and the hazard ratio for the retrograde approach was 
higher than the antegrade technique [64].

Double-layered urethrovesical anastomosis (UVA), which implies the combina-
tion of posterior rhabdosphincteric reconstruction and anterolateral reconstruction, 
was expected to enhance continence recovery. However, neither early continence 
recovery nor long-term continence rates were significantly affected in a randomized 
controlled trial comparing double-layered vs. single-layered UVA [65, 66]. 
However, double-layered UVA did show a significant decrease in cystographic 
leaks compared to single-layered UVA [67].

Urinary diversion after UVA can alternatively be achieved with the aid of a 
suprapubic tube (SPT) instead of the conventional urethral Foley catheter [68]. The 
proposed benefits of the SPT are less catheter-related discomfort, decreased need 
for anticholinergic medications due to foreign body-induced uninhibited bladder 
contractions leading to distressing lower urinary tract symptoms, and reduced risk 
of strictures (urethral, meatal, and bladder neck) [69].
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The Food and Drug Administration (FDA) approved the polyglyconate-barbed 
suture for soft tissue approximation in 2010 [70]. The barbed suture reduced the 
anastomotic time by 26% without compromising outcomes, compared with the con-
ventional monofilament double-armed suturing technique.

GelPOINT (Applied Medical, Rancho Santa Margarita, CA, USA) has been 
applied for real-time bedside bimanual examination of the specimen and for regional 
hypothermia by introducing ice slush, the introcorporeal cooling and extraction 
(ICE) technique [71]. By applying the ICE technique with the use of the GelPOINT, 
and real-time bimanual examination, the absolute risk of PSM in pT3a disease was 
reduced by 26.6%. The impact of regional hypothermia by cooling the neurovascu-
lar bundle is currently under investigation.

In 2012, Schlomm et al. have described the efficacy and oncologic safety of neu-
rovascular structure-adjacent frozen-section examination (NeuroSAFE) in their ret-
rospective study including over 11.000 consecutive open and robotic RPs. 
NeuroSAFE, which included the whole laterorectal circumference of the prostate, 
enabled the secondary resection of the ipsilateral neurovascular tissue if margins 
were positive at the neurovascular tissue-corresponding prostatic surface. When 
NeuroSAFE RPs were compared with their matched non-NeuroSAFE counterparts, 
the frequency of nerve sparing was significantly higher, and PSM rates were signifi-
cantly lower, irrespective of the pathological T stage. Furthermore, it was found to 
have no negative impact on biochemical recurrence rates [72].

Manny et al. reported on their experience about fluorescence-enhanced robotic 
radical prostatectomy (FERRP) using real-time lymphangiography and tissue mark-
ing with percutaneous injection of unconjugated indocyanine green in order to iden-
tify sentinel lymphatic drainage and optimize LND during RARP. Sentinel nodes 
were identified in 76% of patients after a mean time period of 30 minutes postinjec-
tion. FERRP had 100% sensitivity, 75.4% specificity, 14.6% positive predictive 
value, and 100% negative predictive value for the detection of nodal metastasis in 
this cohort of 50 patients [73].

 Conclusions

What has been offered by the robot made adaptation of minimally invasive sur-
gery in prostate cancer more feasible, such that proficient open surgeons were 
able to adapt robotic radical prostatectomy into their clinical practice without 
struggling in the steep learning curve of laparoscopic RP. Robotic surgery in pros-
tate cancer consists mainly of radical prostatectomy +/− pelvic lymphadenec-
tomy performed due to localized or locally advanced/high-risk localized primary 
disease. The indications of radical prostatectomy and pelvic lymph node dissec-
tion do not differ between surgical approach alternatives. Robotic radical prosta-
tectomy has gained considerable popularity throughout the globe, and in certain 
countries it is “the” method of choice when there is an indication to proceed with 
radical surgery in a patient diagnosed with prostate cancer. The statements of the 
Pasadena Consensus Panel can be followed if RARP is going to be performed. 
RARP provides comparable early and midterm oncological and functional out-
comes when compared with its open and laparoscopic counterparts. Less need for 
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transfusion and shorter hospitalization are its proposed advantages in terms of the 
perioperative outcomes. There is limited and low-quality evidence in order to 
promote one surgical approach alternative to another based on the available litera-
ture data. Oncological priorities and individual tumor-related parameters, the 
need/request to preserve functional status, surgeon preference and experience, 
and technical availabilities are the main factors that lead the shared discussion 
with the patient upon deciding on how to do his radical prostatectomy. Technical 
modifications and novel adaptations of the robotic armamentarium may help to 
optimize functional and oncological outcomes.
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13Retropubic Radical Prostatectomy

Bulent Akdogan, Mesut Altan, and Haluk Ozen

Abstract
The interest in performing radical prostatectomy (RP) for the treatment of local-
ized prostate cancer started next to the widespread use of PSA and then grew with 
Walsh’s technical definitions. Increasing experience on the technique and stage 
migration by the use of PSA triggered excellent oncological and functional out-
comes. However, unlike other surgeries, RP may result in a very wide satisfaction 
spectrum since many factors such as patient comorbidities, tumor stage, and sur-
geon’s experience may affect results. In this section, diagnosis, patient selection, 
RP technique, complications, and postoperative follow-up will be discussed briefly.

13.1  Introduction

Although radical prostatectomy (RP) was first performed in 1867, for long period, it 
was abandoned because of early and late complications. Besides excessive intraopera-
tive bleeding rates, severe incontinence and erectile dysfunction rates were detected 
almost for every case. Nevertheless, on the definition of anatomical RP by Walsh in the 
1970s, this surgery has become the gold standard treatment modality with acceptable 
oncological and improved functional outcomes [1–3]. One of the most important con-
cerns to get better outcomes is surgeon volume. A very high number of patients are 
required for excellent results in the learning curve. Careful “extirpative” manipulations 
in bloody surgical area affect oncological outcomes. Likewise, meticulous “reconstruc-
tive” handling for bladder neck and urethra is required for good functional outcomes. 
All those vigilant steps are considered absolutely necessary for an efficacious surgery.
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13.2  Patient Selection

Though prostate cancer is the most frequent cancer in men, it has a low disease- 
specific mortality since most patients die from other causes. In 2008 AAC reported 
16.7% incidence and 2.57% mortality rate of prostate cancer. First, it’s necessary to 
evaluate all factors about the patient, tumor, surgeon, and current available treat-
ment alternatives at that particular hospital. Then discuss with the patient the best 
alternative strategy. In order to attain finest decision, besides patient age and comor-
bidities, tumor features, ability of the surgeon, and patient expectations carry para-
mount importance. To predict recurrence and progression after surgery, patients are 
stratified into prognostic risk groups based on preoperative clinical stage, Gleason 
score, and PSA level (Table 13.1). However every single patient has unique proper-
ties and should be evaluated at his own setting. Similarly every surgeon has different 
experiences and facilities in his hospital. So, treatment decision should vary in dis-
similar conditions for each particular patient.

RP, compared to watchful waiting (WW), had better survival rates in prospective 
randomized Scandinavian Prostate Cancer Group Study [4]. The benefit of RP on 
disease-specific mortality and metastasis rates was persistent beyond 10 years [5]. 
Overdiagnosis has been a fulcrum for follow-up. Despite the reported 50% overdi-
agnosis rate, recent other studies estimated this rate to be 23–28% [6, 7]. On the 
other hand, clinicopathological studies interestingly reported an overdiagnosis rate 
of 7–20% and claimed that underdiagnosis occurs more frequently than overdiagno-
sis [8, 9]. These results showed that overdiagnosis rates are much less than what’s 
believed. Currently there is no method to diagnose clinically insignificant prostate 
cancer, and in order to lower cancer-related deaths, it’s essential to ignore the low 
overdiagnosis rates.

An ideal candidate for RP is the one with a life expectancy of at least 10–15 years 
and with less comorbidity. Complete surgical resection is a must for an effective 
surgery. A palpable nodule on examination, positive imaging findings, and high 
percentage of positive biopsy cores are significant risk factors for extracapsular 
extension (ECE) [10, 11]. RP offers excellent progression-free survival rates when 
the tumor is organ confined even for the patients with high Gleason scores [12]. 
Excellent continence and erectile function rates are feasible with adequate experi-
ence. Furthermore, RP improves lower urinary tract symptoms and quality of life 
(QoL) parameters [13].

Table 13.1 Risk classification in localized prostate cancer

Low risk Intermediate risk High risk
Clinical T1–T2a
and Gleason <7 and  
PSA <10 ng/mL

Clinical T2b or Gleason 7 
or PSA 10–20 ng/mL

Clinical T2c, T3a-b or Gleason 8–10 or 
PSA > 20 ng/mL

Localized Locally advanced
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13.3  Indications of Nerve-Sparing (NS) Approach

Preoperative erectile function is the most important denominator of postopera-
tive erection. Meticulous bilateral nerve-sparing approach in a young patient 
would result in satisfactory erections postoperatively. Walsh et al. were the first 
to show the possibility of sparing neurovascular bundle (NVB) that contains the 
cavernous nerves. Recently, many authors reported their outcomes about this 
technique [14].

Although NS technique can safely be performed in localized disease, indications 
of nerve-sparing RP are still debatable [15]. Preserving cavernous nerves without 
jeopardizing oncological principles may only be possible with a sufficient learning 
curve. For the beginner surgeons at the onset of this curve, clinicopathological risk 
factors demonstrating ECE may guide them to better select candidates. Nowadays 
certain nomograms are widely used in order to predict ECE [16–19]. Similarly new- 
generation MRI technology may give an insight to predict ECE and locally advanced 
disease [20–22], although MRI is not sensitive enough to find all tumors with extra- 
prostatic growth or microscopic ECE [23, 24]. The use of MRI in low-risk patients 
has no benefits either [25, 26].

Undoubtedly the most critical decision to perform NS approach is made during 
the surgery. When the tumor extends beyond the capsule, it’s possible to resect the 
prostate with negative surgical margin by interfascial dissection [27]. But NVB 
must be resected in case of invasion or suspicion of residual tumor inside it on 
palpation.

13.4  Steps in Retropubic Radical Prostatectomy

An 8–10 cm midline incision is made through subcutaneous tissues between the 
umbilicus and pubis symphysis. After dissecting the rectus muscles, the trans-
verse fascia will sharply be opened at midline (Fig. 13.1). Blunt dissection start-
ing laterally the peritoneum will be released cranially up to iliac vessels. The fat 
anterior and lateral to the prostate is teased away to expose the underlying anat-
omy. Endopelvic fascia is incised laterally between the prostate and the levator ani 
muscles (Fig. 13.2).

In most patients, an opening is found in the endopelvic fascia laterally of the 
puboprostatic ligaments. An incision is made from that opening throughout the low-
est point of the fascia. The puboprostatic ligaments can then be sharply incised at 
their attachment to the pubic bone, with care taken to not damage the dorsal vein 
complex (DVC) (Fig. 13.3). A figure-of-eight suture is then placed approximately 
1 cm cephalad to the anterior bladder neck, to ligate the superficial DVC. This 
suture helps identifying the proper location to divide the bladder neck later in the 
surgery and also to minimize backflow bleeding (Fig. 13.4). The deep DVC is 
ligated distally after the DVC is isolated from the urethra just beyond the apex of the 
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prostate (Fig. 13.5). The fascial layer surrounding the DVC and urethra is bluntly 
ruptured with the index finger, allowing the surgeon to appreciate a sulcus between 
the most distal part of urethra and the DVC. Gentle traction on the Foley catheter 
may help identify the urethra. A long, blunt-tipped right-angle clamp is passed 
between the DVC and the urethra and is used to grasp stainless steel wire. The wire 
loop will be used as a guide transecting the DVC, after the distal suture ligature is 
placed through the DVC, a few millimeters dorsal and caudal to the wire (Fig. 13.6). 
The suture is anchored through the posterior periosteum of the pubis and tied 
securely, controlling bleeding from the DVC when it is divided. After releasing the 
urethra from the fibrous fibers adjacent to the urogenital diaphragm posteriorly and 

Fig. 13.1 Midline incision and exposure of retzius space

Fig. 13.2 Endopelvic fascia is incised
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lifting it with a right-angle clamp, the urethra is cut 270° (Fig. 13.7). Then, 3.0 
Vicryl anastomotic stitches are placed at 1 and 11 o’clock positions. Then bilateral 
3, 5, 7, and 9 o’clock sutures are placed (Fig. 13.8). After passing six stitches from 
the urethra, the catheter is held with a thick clamp and cut off, the distal part is 
removed from the urethra, and the proximal part is directed cranially without exces-
sive traction. At this point, the posterior 90° part of the urethra is cut off, and the 
urethra is completely separated. Subsequently, rectourethral fascia (posterior stri-
ated sphincter) will be dissected. This stage is extremely important because finding 
the exact plane is essential both for the negative surgical margin and for preventing 
rectal injury.

Fig. 13.3 Puboprostatic ligament is cut

Fig. 13.4 Dorsal vein complex
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The cavernous nerve passes laterally to the rectourethral fascia. Without dis-
secting this tissue, which is relatively thin in some patients and scarred in others 
due to the possible desmoplastic reaction, the posterior part of the prostate will 
not be liberal. The correct depth for the dissection border can be defined as the 
appearance of pararectal fat tissue (Fig. 13.9). Seminal vesicles will appear when 
the lateral pedicle is fully ligated. A single clamp cannot control the lateral pedi-
cle. The lateral pedicles are separated after multiple ligations of the vascular and 
fibrous ligaments with individual clips or via clamps. The lateral dissection is 
continued until the junction of the seminal vesicle with the prostate floor. Opening 
the bands between the rectum and the Denonvilliers’ fascia covering the seminal 
vesicle continues the dissection. At this point, both the vas deferens and seminal 

Fig. 13.5 Dorsal vein complex is ligated

Fig. 13.6 Backflow suture
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vesicles emerge. First, the vas deferens is separated, clipped, and cut. The fibrous 
adhesions between the distal part of the vas deferens and the seminal vesicles are 
separated so they are clearly revealed. After this point, the end of the seminal 
vesicles is reached with blunt and sharp dissection. Here, the seminal vesicle 
artery is clearly displayed and clipped, which allows mobilization of the seminal 
vesicle (Fig. 13.10).

Later, the dissection is directed toward the bladder neck in the posterior plane 
(Fig. 13.11). After finding the bladder neck, separation of the prostate will con-
tinue anteriorly (Fig. 13.12). After observing the orifices, the posterior part of 

Fig. 13.7 Urethra is cut with 270°

Fig. 13.8 Urethra sutures
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Fig. 13.9 Pararectal fatty tissue

Fig. 13.10 Seminal vesicles mobilized
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the bladder neck is cut with scissors and taken out. At this point the catheter will 
be removed with the specimen (Fig. 13.13). The bladder neck is closed posteri-
orly in a tennis racquet fashion. The mucosa is everted with fine 3.0 Vicryl 
sutures (Fig. 13.14). When adequate hemostasis has been achieved, 20 F Foley 
catheter will be advanced into the bladder and inflated with 10–15 cc sterile 
water. The six sutures placed in the urethra are passed through the appropriate 
points on the bladder neck—from inside to outside. The catheter is placed on 
traction to bring the bladder neck down to the urethra, slack is taken out of the 
sutures, and the bladder is gently retracted with the anastomotic sutures tied in 
an anterior-to-posterior fashion. A sump drain is then placed through the ante-
rior abdominal wall through a separate stab incision, and then the fascia and 
skin will be closed.

Fig. 13.11 Bladder neck is dissected

Fig. 13.12 Anterior dissection of prostate
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Fig. 13.13 Prostate is removed

Fig. 13.14 Bladder neck mucosa is everted
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13.5  Nerve-Sparing Technique

To preserve nerves, cautery usage should be avoided. Instead, crossing vessels pass-
ing to the prostate should be ligated with clips [28] (Fig. 13.15). As cavernous 
nerves pass between the prostatic and levator fascia, the prostatic fascia should not 
be harmed. The levator fascia should be opened as much as cranially from the blad-
der neck level from the thickened part. This approach is preferred, since it will also 
help to mobilize the prostate. If you start to spare nerves gently from prostatic apex 
and continue caudally, the rest of procedure will be much easier.

13.6  Complications

Several factors may complicate the surgery in short or long term. Those are mainly 
the surgeon’s experience, patient age, comorbidities, prostate and tumor volume, 
pelvic anatomy, and neoadjuvant hormone or radiotherapy. In other words, patient 
selection is the key point here. RP was not so popular for many years mainly because 
of excessive bleeding [29]. Understanding the anatomy has significantly decreased 
both the amount of bleeding and transfusion rates. An old study has shown a mean 
blood loss of 1100 (800–1600) cc during RP [30]. A recent meta-analysis with 
167.184 open RP patients reported a median blood loss to be 750 cc [31]. Dorsal 
vein complex is the main cause of bleeding and so it should be sutured carefully. 
Nerve-sparing approach may also increase bleeding.

Rectal injury is a rarely reported complication and is directly related to surgical 
experience and technique [31, 32]. Most surgeons do routine preoperative mechani-
cal bowel preparation besides antibiotics. So they can easily close defect primarily 
in case of rectal injury. A meta-analysis including 35.099 RP patients reported 
0.43% rectal injury rate [33]. Of those with rectal injury, 48% received preoperative 
mechanical preparation. Infection, delayed colostomy, and length of stay rates were 

Fig. 13.15 Nerve-sparing technique
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not statistically different between mechanical and nonmechanical bowel prepara-
tion groups.

Lymphocele is a relatively common complication for patients who underwent 
lymphadenectomy. When lymphatics are well controlled by cautery, clips, or 
sutures, the risk will be minimal. The rate of symptomatic lymphocele requiring 
intervention was reported to be 1.1–9.1% [34]. However, this rate increases to 
27–61% when asymptomatic lymphoceles are also included [35]. Conservative 
management is the best option for asymptomatic patients. In case of pain or fever, 
USG or CT-guided drainage and antibiotics are required.

Postoperative infection is very rare and when it occurs is mostly wound infec-
tion. Postoperative antibiotics are not required if there are no symptoms. Single-
dose second-generation cephalosporin is preferred for prophylaxis at anesthesia 
induction. Nevertheless, antibiotics could be beneficial when excessive intraopera-
tive bleeding or long-standing postoperative drainage has occurred especially for 
obese and diabetic patients.

Deep vein thrombosis (DVT) is undoubtedly the most important etiology of 1% 
mortality observed in RP. Catalona reported 1.3% thromboembolic complication 
rate [36]. DVT can be prevented by shortening duration of surgery to less than 2 h 
and early postoperative mobilization and using air compression socks [37]. Low- 
molecular- weight heparin derivatives such as enoxaparin sodium may be given for 
high-risk patients.

13.6.1  Erectile Dysfunction

There are several studies related to this subject in limitation. Although there are 
many valid surveys, there is variable data related to ED. This is related to the patient 
group heterogeneity and the different erection reporting by the physician and the 
patients. While physicians always have good results, the situation may be different 
on the patients’ side. This shows that erectile function is a concept assessed and 
rated relatively not through yes-or-no questions.

Diabetes, hypertension, and drugs used for these reasons may cause adverse 
effects on the patient’s erectile function in the preoperative period and also may 
cause poor outcome after RP. Another important subject is the preoperative erectile 
function. It is considered one of the most important factors predicting erection 
recovery [38].

In his series Catalona followed up 3477 patients treated with RP for 18 months 
[36]. Erections sufficient for intercourse occurred in 76% of preoperatively potent 
men treated with bilateral nerve sparing and 53% of men treated with unilateral or 
partial nerve sparing surgery. Younger age and bilateral nerve sparing were signifi-
cant factors for erection recovery. Huland et al. followed up patients for more than 
12 months and reported erection recovery rate of 70% in patients younger than 
55 years old with bilateral NS. They also found that this rate decreases to 37% in 
patients older than 65 with unilateral NS [39].
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Another important factor affecting postoperative potency is the accessory puden-
dal artery. A study of 2399 patients who underwent bilateral NSRRP showed that 
accessory pudendal artery preservation provides a twofold advantage in preserving 
potency and leads to potency recovery sooner [40].

In a prospective, randomized controlled study, the postoperative 12-month 
potency status of 778 RRP and 1847 robot-assisted laparoscopic radical prostatec-
tomy (RALP) patients with age < 75, PSA < 20, and T < 4 was compared using 
questionnaire forms [41]. ED was reported to be 74 and 70.1% in both RALP and 
RRP, respectively. However, it should be noticed that more lymph node dissections 
were performed with less nerve preservation in RRP group. The first results of a 
randomized controlled trial of 47 RRP and 22 RRP were published, and the potency 
rate in the RRP arm at the 12th postoperative month was 26%, and the same rate was 
found as 55% in the RALP arm [42]. In the study, a questionnaire form was used, 
and there was no difference between patients’ preoperative potency status and tumor 
characteristics. Krambeck et al. retrospectively studied the results of 403 RRP and 
203 RALP after a 1-year follow-up [43]. NS approach was applied less in RRP 
group. There was no difference in the tumor characteristics between two groups. 
After 1 year they assessed erectile function by using questionnaire form, and no 
difference was found between the two groups’ potency status (RRP 63%, RALP 
70%). The 12-month results of phase 3 study in which 163 RRP and 163 RALP 
were randomized were published [44]. There was no difference between the 
12-month questionnaire form scores between the patients.

13.6.2  Incontinence

The most feared and most devastating complication after PR is urinary inconti-
nence. Fortunately, excellent results are reported in experienced hands. Catalona 
et al. reported that recovery of urinary continence occurred in 93% of all men and 
was associated only with younger age [36]. In Walsh’s series of more than 1200 
patient data, it was reported that at the end of 1 year, 93% of the patients did not use 
any pads and 98% did not have a serious urinary problem [45]. The complete conti-
nence rate of 91% at 12 months reached 95% at 24 months. On multivariable analy-
sis increased patient age, lack of protection of the neurovascular bundle, and 
development of anastomotic sheath obstruction were the factors that predict and 
cause postoperative incontinence.

There are some problems in assessing incontinence. Differences in the definition 
of continence, in the patient population, and in the postoperative evaluation time are 
important variables that hamper standardization. The most important point is how 
the physician and the patient interpret the continence. In a study from Japan, conti-
nence and its related problems were asked to patients by using “University of 
California-Los Angeles Prostate Cancer Index” (UCLA-PCI) survey. In this study, 
patients were not able to understand the 0–100 score scale in the survey, and it was 
argued that “absolutely no urine leakage” was the best description of continence 

13 Retropubic Radical Prostatectomy



244

[46]. While 97% of patients who said they didn’t have any urine leakage didn’t use 
any pads, only 63 and 75% of them reported full continence and full urination con-
trol, respectively. This demonstrates that as pad use can change from person to per-
son, it can’t define continence in a sufficiently objective way. In prospective studies 
comparing RARP to RRP, patient-reported urinary incontinence was reported to be 
3–12% and 12–20%, respectively [41, 47].

13.7  Surgical Margin Status

The main issue in oncological surgery is appropriate patient selection and complete 
tumor resection with negative surgical margins. Positive surgical margin (PSM) 
rates in Catalona’s series were reported to decrease to 9.8% after 2000 [36]. Even it 
was reported to be 1.3% in localized disease [48]. This excellent rate is definitely 
related to the surgeon’s experience and his better understanding of anatomy.

Many studies focused on the effect of PSM on biochemical recurrence-free sur-
vival. Schroder et al. found that PSM is a significant risk factor for biochemical 
relapse [49]. Nevertheless, Soloway et al. found that only 25–50% of patients with 
PSM had biochemical relapse [50]. A study including about 6000 patients with a 
2-year median follow-up was published in 2005 [51]. PSM was observed in 26% of 
patients. Biochemical recurrence-free survival for patients with and without PSM 
was 70 and 36%, respectively. Multivariable analysis demonstrated that patients 
with PSM had 3.66 times increased relapse rate. Another study with 7160 patients 
reported PSM of 21% [52]. A PSM was significantly associated with biochemical 
recurrence. Patients with multiple and extensive PSM had an increased risk of bio-
chemical recurrence on multivariable analysis. Al-Ahmadie et al. studied 2150 
patients and reported 10% PSMs, 71% of them were in the apex [53]. The linear 
extension of a PSM was found to be related to lower biochemical recurrence-free 
survival.

13.8  Cancer Control

In his series of 3478 patients, Catalona et al. reported 5- and 10-year biochemical 
progression-free survival rate to be 80 and 68%, respectively [54]. They found that 
actuarial 10-year biochemical progression-free probabilities were 91% (95% CI 
83–95) for PSA less than 2.6 ng/mL and 49% (95% CI 44–54) for PSA greater than 
10.0 ng/mL. Actuarial 10-year biochemical progression-free survival probabilities 
were 79% (95% CI 76–82) for organ-confined disease, 62% (95% CI 51–72) for 
disease with ECE without PSMs, and 53% (95% CI 47–59) for disease with ECE 
and PSMs. The results of 4478 men who underwent anatomical radical retropubic 
prostatectomy, as performed by a single surgeon (PCW), at the Johns Hopkins 
Medical Institutions with a median follow-up of 10 years were published in 2012 
[55]. The 10-, 15-, 20-, and 25-year actuarial probabilities of PFS were 82, 78, 74, 
and 68%, respectively. Increasing age and earlier year of surgery as well as 
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increasing PSA, biopsy Gleason score, and clinical stage were all significant preop-
erative risk factors associated with lower PFS. Postoperative significant predictors 
of PFS included prostatectomy Gleason score, pathological stage, and surgical mar-
gin status. According to these results, in case of organ-confined disease, RRP offers 
an excellent 20-year PFS.

Park et al. retrospectively analyzed prospectively collected longitudinal data of 
277 RRP and 730 RALP cases over a 5-year period [56]. The pT2 PSM and bio-
chemical recurrence-free rates showed no significant difference between the RRP 
and RALP series throughout the study period. Although the pT3 PSM rates of the 
1st and 2nd RALP series (1st 500 patients) were higher than that of the RRP series, 
the 3rd RALP series had a comparable rate. The 3-year biochemical-free survival 
rates of the RRP and RALP series were similar at each pathological stage. The 
RALP group was significantly associated with a younger age, lower body mass 
index, lower Gleason score, and lower clinical stage than the RRP group. Punnen 
et al. in their retrospective study found that recurrence-free survival was similar at 
2 years (84 and 79%) and 4 years (68 and 66%) after open RRP and RALP, respec-
tively [57]. In the aforementioned studies, follow-up periods and patient numbers 
are considered limited [58].

13.9  Hospital and Surgeon Workload

Hu et al. analyzed Medicare data and found that high-volume surgeons had half the 
complication risk compared with low-volume surgeons [59]. Ellison et al. reported 
that patients treated at lower-volume institutions are at increased risk of initiation of 
subsequent adjuvant therapy with radiation therapy, medical hormone ablation, or 
orchiectomy [60]. It was reported that postoperative mortality, hospitalization time, 
transfusion rate, surgical margin, and disease recurrence were also associated with 
hospital volume [61]. In a population-based study of 25,346 men who underwent 
RP, it was demonstrated that factors predicting surgery for incontinence were patient 
age at radical prostatectomy, radiotherapy after surgery, and surgeon volume [62]. 
As a result, among surgeons with high case volume, there are differences that can 
significantly change the patient’s quality of life.

 Conclusions

The most desired three outcomes following RP which are full continence, 
potency, and absence of biochemical recurrence represent “trifecta.” Bianco 
et al. studied 1746 intervention-naïve, newly diagnosed, and clinically localized 
prostate cancer patients who underwent RP with curative intent beginning in 
1983. He has found, at 24 months, 60% of patients were potent, continent, and 
free of cancer [63]. Saranchuk et al. reported the results of 647 patients who 
underwent RP between 1998 and 2003. Mean patient age and pretreatment PSA 
were 58 years and 6.9 ng/mL, respectively [64]. In another study including 831 
patients, trifecta rate at 2 and 5 years was 64 and 61%, respectively [65]. A simi-
lar study with 1577 patients reported 64% trifecta rate in 2 years.
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When analyzing these results, the figures are a little bit below than expecta-
tions basically because of erection recovery problem. Although good oncologi-
cal and continence outcomes are reported from many centers, the trifecta rate is 
low because of potency problems. So, patients should be counseled about out-
comes of the center before curative treatment in order to prevent long-term 
dissatisfaction.
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Abstract
In recent years, the use of intensity-modulated RT (IMRT) and image-guided RT 
(IGRT) has increased worldwide. These techniques are highly conformal and the 
target should be more precise. Therefore, target determination and delineation is 
crucial in the management of prostate cancer with modern radiotherapy tech-
niques. In this chapter, we will briefly explain the current guidelines for the 
delineation of primary target volume in prostate cancer.

14.1  Anatomy

The prostate gland is composed of fibrous, glandular, and muscular components, 
and it has a thin, fibrous capsule continuous with its stroma. The prostate is located 
in the pelvis, in close vicinity to the rectum and bladder. It is separated from the 
rectum by the rectovesical septum (Denonvilliers’ fascia) posteriorly which 
decreases the risk of invasion of prostate cancer to the rectum. The prostate is also 
adjacent to periprostatic and dorsal venous complexes, pelvic plexus, and cavernous 
nerves. The gland passes through the genitourinary diaphragm (GUD) after it sur-
rounds the prostatic urethra.

The prostate gland has an ovoid shape; the apex is located at the inferior above 
the GUD which surrounds the membranous sphincter. The puboprostatic ligaments 
lie between the anterior surface of the prostate and pubic symphysis. The peripros-
tatic fascia covers the anterior surface of the prostate and the lateral pelvic floor. The 
endopelvic fascia covers the anterolateral surfaces of the prostate gland, and it 
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contains the neurovascular structures such as the dorsal vein complex (venous 
plexus of Santorini) which is the primary drainage for the penis.

The prostate has four zones histologically: peripheral, transition, central, and 
anterior fibromuscular stroma zones. The peripheral zone is the posterior part of the 
gland which can be palpated on digital rectal examination. This is also where pros-
tate cancer usually originates. On the other hand, benign prostate hypertrophy arises 
from the transition zone. The central zone surrounds the ejaculatory ducts. The 
fibromuscular tissue in the anterior fibromuscular zone continues with the bladder 
muscle and external sphincter (Fig. 14.1).

A pair of seminal vesicles (SV) are located posterosuperiorly to the prostate 
gland. Seminal fluid which protects and nourishes the sperm after ejaculation is 
mainly secreted from SV as well as the testicles and bulbourethral glands and 
poured into bilateral ductus deferens which then forms the ejaculatory ducts to 
finally join the urethra at the verumontanum. This point is where the urethra bends 
30–40° to the anterior. A slight percentage of the seminal fluid is also secreted from 
the prostate gland. This fluid contains enzymes such as acid phosphatase and 
prostate- specific antigen (PSA) which is a serine protease that functions in the liq-
uefaction of the semen.

14.2  Target Volume Delineation

In recent years, the use of intensity-modulated RT (IMRT) and image-guided RT 
(IGRT) has increased worldwide. These techniques are highly conformal and the 
target should be more precise. Fiducial markers should be inserted into the prostate 
via transrectal ultrasound guidance before IGRT administration. In the study of the 
Mayo Clinic, the inter- and intra-fractional prostate movements were found a mean 

Fig. 14.1 Anatomy of prostate gland (With permission: Levitt SH, Purdy JA, Perez CA (2006) 
Technical basis of radiation therapy, 4th revised edition, Springer, Berlin)
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2.5 mm (up to 9.1 mm) at the superior-inferior, 3.7 mm (up to 16.3 mm) at the 
anterior-posterior, and 1.9 mm (up to 15.2 mm) at the right-left planes [1]. Without 
localization of the fiducials, the clinical target volume (CTV) received 95% of the 
prescribed dose with 5.1, 7.3, and 5 mm margins on the superoinferior, anteroposte-
rior, and lateral aspects. The respective margins were decreased to 2.7, 2.9, and 
2.8 mm with fiducial visualization. Bony structures should not be trusted while 
delineating the prostate because the movement of these structures is between 2.8 
and 4.4 mm, while the prostate can move between 5.6 and 4.4 mm. Crook et al. 
found a displacement of gold markers of 0.1–0.5 cm in the lateral and 0.5–1 cm in 
the inferior aspect of the prostate gland [2]. The displacement in the posterior was 
>1 cm in 30% of the patients. Zelefsky et al. reported the mean motion of the pros-
tate to be 1.2, 0.6, and 0.5 cm in the anteroposterior, lateral, and superoinferior 
directions [3]. They also recommended adding wider margins for the planning tar-
get volume (PTV) in patients with large rectal and bladder volumes in order to 
adequately cover the CTV.

After the fiducials are located, approximately 1 week should be awaited for the 
planning computerized tomography (CT). That is because of the time for fibrosis to 
happen around the fiducials so that they cannot move and the target would not 
change during simulation and between fractions. Intravenous contrast injection is 
not necessary for the CT simulation unless the pelvic LNs would be irradiated. 
However, the patient should undergo planning CT with a urinary catheter in order to 
empty the urinary bladder. The catheter can also be used in every treatment fraction, 
or patients with good cooperation can be told to undergo treatment after voiding the 
bladder. The patient is then immobilized with a Kneefix and Feetfix in the supine 
position in which the prostate gland moves less compared to the prone position. 
This position also helps to remove the small intestines out of the treatment field [4]. 
The arms should be on the chest in order to keep them away from the treatment area. 
To define the isocenter, three radiopaque pellet markers are placed: one at the ante-
rior midline and two at right and left lateral points, respectively, on the skin. The CT 
scan is then acquired in ≤5 mm (ideally ≤3 mm, particularly for stereotactic body 
RT [SBRT] planning) slices from the superior level of the iliac bones to the inferior 
of minor trochanters of the femurs or the perineum [5, 6]. The gross tumor volume 
(GTV), CTV, PTV, and organs at risk (OAR) should be delineated separately in each 
slice based on the recommendations in International Commission on Radiation 
Units and Measurements (ICRU) reports 50 and 62 [7, 8].

14.3  Gross Tumor Volume (GTV)

The GTV is the primary tumor in the prostate gland and extraprostatic tissue, if 
existent. However, delineating a GTV in prostate cancer is not practical because the 
total dose is prescribed to the CTV and generally no boost dose to the GTV is 
applied. On the other hand, institutions using simultaneous integrated boost to a 
malignant nodule determined via MR fusion should delineate entire nodule as boost 
volume or GTV.
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14.4  Clinical Target Volume (CTV)

The prostatic apex is the structure which is the guide for the delineation of the target 
because of the fact that it can be visualized easily on CT. However, because the apex 
is not covered with a capsule, the level of the GUD may vary causing a difficulty in 
discriminating the prostate from the GUD. In this case, magnetic resonance imaging 
(MRI) can be helpful on which the GUD can also be easily detected. Roach et al. 
observed a 32% increase in prostate volume when defined by non-contrast CT scan 
compared to contrast CT and MRI scans [9]. This discrepancy is mainly the result 
of misinterpretation of the posterior, apical, and posteroinferoapical aspects of the 
prostate as well as the neurovascular bundles. MRI was found significantly superior 
in defining the apex and base of the prostate, neurovascular bundle, and anterior 
wall of the rectum while delineating based on fused CT and MRI images [10]. 
Rasch et al. reported that the volumes of the prostate and SVs were 40% larger when 
determined on CT compared to MRI [11]. The most apparent difference was at the 
base of the SVs and prostatic apex which concluded in an additional 8 and 6-mm 
delineation, respectively. MRI also has a higher resolution for soft tissues which 
more clearly defines the organ-confined disease, SV involvement, and capsular and 
extracapsular extension. Based on these data CT and MRI should be used together 
while delineating the prostate.

The CTV is defined as the whole prostate gland and bilateral SVs. Prostate can-
cer is typically multifocal. It was reported that only 17–24% of prostate cancers 
arise from a solitary focus [12, 13]. The capsule of the gland is invaded in 8–57% of 
the patients with prostate cancer [14, 15]. Therefore, the whole prostate gland and 
its capsule should be delineated in all patients independent of the clinical stage and 
risk group. However, the extent of the delineation of the SVs depends on the risk 
group. In low-risk and intermediate-risk disease, the delineation of proximal SVs is 
sufficient, whereas in high-risk disease whole bilateral SVs should be contoured.

There is a wide range of variability among radiation oncologists for prostate 
contouring. It is crucial to master in prostate and pelvic anatomy for delineating the 
target and OARs correctly. In 2009, McLaughlin et al. published a study on the com-
mon contouring errors while delineating the apex, mid-gland, and base of the pros-
tate on CT images [16]. They reported that the GUD, rectum, and anterior fascia are 
overestimated at the level of the prostatic apex. The overestimation continued in the 
anterior and lateral fasciae at the mid-gland and the bladder and anterior fascia at the 
base. The reason for common errors was claimed to be the transition zone hypertro-
phy and bladder neck variability at the superior base and the variability in the rela-
tionship between the prostate and SVs at the posterior base. They recommended to 
inspect the lateral view of prostate contours and to improve recognition of certain 
anatomic structures on CT images, concluding that most errors can be improved 
without the direct help of MRI.

The delineation the SVs can also be challenging. The risk of involvement of SVs 
is 15–20% in intermediate- and high-risk prostate cancer [17]. The median length of 
SV involvement was found to be 1 cm, whereas the rate of ≥2 cm involvement 
decreased to <4% even in high-risk disease [18]. Therefore, the CTV should encom-
pass at least the proximal SVs. However, the definition of proximal SV varies 
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according to different guidelines. The European Organization for Research and 
Treatment of Cancer (EORTC) recommends adding the proximal 2 cm SV into the 
CTV in high-risk disease and the proximal 1 cm in intermediate-risk disease [19]. 
In the ongoing Radiation Therapy Oncology Group (RTOG) 0815 trial, the proxi-
mal 1 cm of SV is recommended to be delineated in both intermediate- and high- 
risk patients. Qi et al. compared these two recommendations and found that both 
recommendations failed to encompass the SV under risk, and a 1.4 and 2.2 cm SV 
should be contoured in intermediate- and high-risk patients, respectively, in order to 
adequately include the proximal SVs [20].

CTV delineation for a prostate cancer patient treated with definitive IGRT is 
depicted in Fig. 14.2.

Fig. 14.2 CTV delineation for a prostate cancer patient treated with definitive IGRT (Slices were 
contoured in the direction of inferior to superior, Red: Prostate, Magenta: Seminal vesicles)
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14.5  Planning Target Volume (PTV)

There are various recommendations for the constitution of the PTV. Memorial 
Sloan Kettering Cancer Center (MSKCC) proposes a 1 cm margin to the CTV to 
form the PTV in all directions but to diminish it to 0.6 cm at the posterior [3]. Fox 
Chase Cancer Center recommends an 8 mm margin in all directions which should 
be minimized to 5 mm posteriorly [21]. In SBRT and other IGRT techniques, 
some centers recommend a 0.6 cm margin in all directions, whereas in MSKCC 

Fig. 14.2 (continued)

G. Yazici et al.



257

0.5 mm is recommended in all but 0.3 mm in the posterior direction [22]. In addi-
tion, the central 1 cm diameter portion of the prostate encompassing the prostatic 
urethra is defined for dosimetric consideration and evaluation during high-dose 
IMRT planning.

14.6  Target Volume Determination in Adjuvant or Salvage 
Radiotherapy

In the EORTC-22911 trial, 5-year progression-free survival (PFS) and locoregional 
control rates were significantly higher in patients with positive SM, extracapsular 
extension (ECE), and SV involvement after radical prostatectomy (RP) [23]. 
However, in the subgroup analysis of this study, the only group that benefited from 
adjuvant RT was the patients with positive surgical margins (SM) [24]. In the South 
Western Oncology Group (SWOG)-8794 trial, patients with pT3 tumors and/or 
positive SM had significantly better outcomes with adjuvant RT [25]. Similarly, a 
German study reported better results with adjuvant RT in patients with T3 tumors 
and positive SM [26]. According to Grossfeld et al., 24% of patients with clinically 
organ-confined disease are found to have locally advanced disease and/or lymph 
node (LN) positivity after RP [27]. Based on the previous studies, adjuvant RT to 
the prostate is indicated in patients with T3–T4 tumor and positive SM. In the pres-
ence of LN positivity and ECE, lymphatic irradiation should also be performed. 
Delineation of lymphatic regions is discussed in Chap. 9. The following contouring 
recommendations can also be used for patients that will undergo salvage RT for 
biochemical failure after RP.

No GTV is present in the adjuvant setting. Four guidelines have been pub-
lished for the delineation of CTV in postoperative prostate cancer. The first 
guideline was reported by the EORTC in 2007 [28]. They stated that the most 
risky areas for recurrence were the vesicourethral anastomosis (VUA) in the cen-
tral, the bladder neck at the superior, the vicinity of the outer rectal wall and most 
posterior portion of the bladder neck at the posterior, the prostatic apex at the 
caudal, the neurovascular bundles at the lateral, and the anastomosis and the 
urethral axis at the anterior aspects, respectively. After delineating these struc-
tures, they recommend a 5 mm margin in all directions excluding the rectal wall, 
an additional 5 mm margin in the posterolateral aspect in patients with ECE 
except the rectal wall (as this is where the recurrence mostly occurs), and an 
additional 5 mm margin in the direction of positive SM. The base of the SV 
should be included in all patients. If the SVs are involved, they recommend con-
touring their original location and/or the remnants without an additional margin 
and irradiating them with a lower dose.

In the second guideline published in 2007 by Princess Margaret Hospital, the 
inferior border of the CTV was recommended to be 8 mm below the VUA or 
superior to the penile bulb, whichever is most superior [29]. The superior border 
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was just above the most superior surgical clip, if present, or 5 mm above the infe-
rior border of the vas deferens, anterior border was posterior to the symphysis 
pubis caudally and posterior 1.5 cm of the urinary bladder cranially, posterior 
border was anterior to the rectal wall and levator ani muscle caudally and the 
mesorectal fascia cranially, and lateral border was the medial border of the levator 
ani and obturator internus muscles caudally and the sacrorectogenitopubic fascia 
cranially. In case of salvage RT, 1 cm margin was added to the gross disease and 
surgical clips for the CTV.

The Australian and New Zealand Radiation Oncology Genito-Urinary Group 
published another guideline in 2008 [30]. They recommend the inferior border of 
the CTV 5–6 mm below the VUA including all surgical clips. The VUA is just 
below the last slice with urine or one slice above the penile bulb. The anterior border 
is the posterior aspect of the symphysis pubis cranially and encompasses the poste-
rior 1.5 cm of the bladder caudally, posterior border is the posterior rectal wall 
caudally and the anterior mesorectal fascia cranially, lateral border is the medial 
border of the levator ani or obturator internus muscle, and the superior border should 
include whole SV bed and the distal portion of the vas deferens. For the PTV, they 
recommend a 1 cm margin but claim that this can be lowered to 0.5 cm according to 
the rectal dose.

In 2010, RTOG published the last consensus guideline [6]. They recommend 
that the CTV should begin from the level of the cut end of the vas deferens and 
end at >8–12 mm inferior to the VUA. In case the vas deferens is retracted 
postoperatively, the superior end can start 3–4 cm above the top of the symphy-
sis pubis. In addition, the inferior border may be extended if the apical SM is 
positive. The VUA can be visualized in one slice below the most inferior urine-
containing image in the retropubic region on a CT scan and can be more clearly 
seen as a hypertensive signal on T2 images of MRI. The VUA can be better 
visualized if the urinary bladder is full, and the sagittal images can help the 
identification of the VUA. If the VUA cannot be visualized, the inferior border 
of the CTV can extend to the last slice above the penile bulb. If pathologically 
involved, both SV remnants should be included in the CTV. Other borders for 
the CTV vary according to its location in the pelvis. Above the superior edge 
of the symphysis pubis, the anterior border of the CTV encompasses the poste-
rior 1–2 cm of the bladder wall, the posterior border is the mesorectal fascia, 
and lateral borders extend to the sacrorectogenitopubic fascia but may extend 
to obturator internus muscles if there is extraprostatic disease at the base of the 
gland. Below the superior edge of the symphysis pubis, the anterior border is 
the posterior edge of the pubic bone, the posterior border is the anterior rectal 
wall (the CTV may need to be curved at the level of the VUA), and lateral bor-
ders are medial to the levator ani and obturator internus muscles. The RTOG 
recommends including all surgical clips in the prostate and SV bed into the 

G. Yazici et al.



259

Fig. 14.3 CTV delineation in a prostate cancer patient treated with postoperative adjuvant IGRT 
(Slices were contoured in the direction of inferior to superior, Red: CTV for surgical bed)

CTV. However, the clips above the level of SV can be excluded because they 
are generally left by the surgeon to control the bleeding, not to mark the sites 
of the disease.

Finally in 2011, Malone et al. compared these four guidelines and showed that 
the CTV was significantly different between them, mainly due to the differences at 
the superior portion [31]. They reported that the recommendations from the Princess 
Margaret Hospital and RTOG guidelines were similar, their CTVs were larger than 
the other two, and the CTV of the EORTC trial was the smallest.

CTV delineation in a prostate cancer patient treated with postoperative adjuvant 
IGRT is depicted in Fig. 14.3.

14 Guidelines for the Delineation of Primary Tumor Target Volume in Prostate Cancer



260

 Conclusion
Patient-based treatment planning is the standard in prostate cancer. Innovative 
techniques such as IMRT and IGRT provide better target coverage and decreased 
toxicity rates compared to conventional RT. Recommended simulation and delin-
eation techniques are summarized in this chapter. If these recommendations are 
applied in clinical practice, the variations in the treatment techniques between 
institutions can be minimized.
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Abstract
The incidence of regional lymph node (LN) involvement in patients with prostate 
cancer depends on several factors like the tumor size and the Gleason score (GS). 
The risk of LN involvement is <10% in low-risk disease. A number of models 
were developed in order to predict the risk of LN involvement which helps the 
physicians to decide whether to perform a staging lymphadenectomy or LN irra-
diation. In this chapter, we will review the current guidelines for the delineation 
of lymphatic target volumes in prostate cancer.

15.1  Introduction

The incidence of regional lymph node (LN) involvement in patients with prostate 
cancer depends on the tumor size and degree of differentiation which is repre-
sented by the Gleason score (GS) [1, 2]. Partin et al. reported that clinical stage, 
preoperative prostate-specific antigen (PSA) level, and GS can be used to predict 
the risk of LN involvement [3]. With this model, the negative predictive value was 
found 99% in a total of 703 patients. In other prediction models, up to 63% of 
patients with clinically organ-confined disease would have been spared pelvic 
lymphadenectomy with 2–10% rate of missed LN metastasis [4, 5].

Stock et al. reported that the incidence of positive LNs correlated with pretreat-
ment PSA level, GS, and clinical stage as well as seminal vesicle (SV) involvement 
[6]. No patients with GS ≤ 4 in this study had pathologically positive LNs, indepen-
dent of the PSA level. However, in patients with GS > 4 the incidence of LN 
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metastasis significantly increased with PSA level of >20 ng/mL. Rees et al. observed 
2.2% LN metastasis rate in patients with PSA level of ≤5 ng/mL, GS of ≤5, or PSA 
level of <25 ng/mL together with GS of ≤7 [7].

A formula was proposed by Roach to predict the probability of LN metastasis 
based on pretreatment PSA level and GS [8]:

Probability of pelvic LN metastasis = 2/3 PSA + (GS − 6) × 10.
The presence of LN metastasis significantly increases the 10-year rate of distant 

metastasis (DM) development (>85 vs. <20%) and increases the risk of death [9, 
10]. However, patients with a single LN metastasis have a similar prognosis com-
pared to patients without LN involvement [11, 12].

15.2  Role of Elective Nodal Irradiation in Prostate Cancer

For a staging lymphadenectomy to be adequate, the TNM classification recom-
mends at least eight LNs to be resected in order to stage a patient as pN0, but there 
is no exact requirement [13]. Elective nodal irradiation is not required in a patient 
with pN0 tumor because of the increased rate of toxicity and the lack of a prospec-
tive study that shows the benefit of this treatment. Similarly, elective nodal irradia-
tion has no rationale in patients with cN0 disease [14].

There are three prospective randomized trials questioning the role of elective nodal 
irradiation in prostate cancer. The first study was Radiation Therapy Oncology Group 
(RTOG) 77-06 trial which resulted in no benefit from prostatic bed and nodal irradia-
tion compared to prostatic bed irradiation only [15]. However, patients that had under-
gone lymphadenectomy had significantly better outcomes than the patients that did not.

The second trial was the first report of RTOG 9413 which found that whole pel-
vis RT (WPRT) with short-term neoadjuvant hormonotherapy (HT) increased the 
rate of progression-free survival (PFS) in 1275 prostate cancer patients without 
positive LNs but with a risk of LN involvement >15% [16]. However, this study was 
criticized because of the bias in the duration of HT in different groups. Eventually, 
in the update of this study, WPRT had no significant benefit over prostate-only RT 
(PORT) in addition to an increased rate of late gastrointestinal toxicity [17].

The third study was the Groupe d’étude des tumeurs urogénitales (GETUG)-01 
trial which similarly found no benefit of pelvic irradiation even in patients with a 
higher risk of LN involvement [18]. In 2016, the update of this study was published 
with a median follow-up of 11.4 years [19]. The 10-year overall survival (OS) and 
event-free survival (EFS) rates were similar in patients that did and did not undergo 
pelvic irradiation.

In the light of these data, elective nodal irradiation in patients without nodal 
involvement is not recommended. However, Murthy et al. analyzed the incidental 
dose received by the pelvic LNs and found an interesting result [20]. When they 
compared the dose from two-dimensional conventional RT (2D CRT), three- 
dimensional conformal RT (3D CRT), and intensity-modulated RT (IMRT), they 
found that the obturator nodes received 44, 29, and 22 Gy from 2D CRT, 3D CRT, 
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and IMRT, respectively, and each was significantly different from the others. On the 
other hand, the doses to other lymphatic regions were low and not clinically rele-
vant. The authors concluded that in patients that will undergo IMRT, elective pelvic 
irradiation can be considered.

15.3  Target Volume Delineation

Pelvic organs do not have a hilum so they are supplied and drained into both sides 
of the pelvis. Major groups of LNs in the pelvis include the sacral, internal, external, 
and common iliac LNs. There are a few minor groups of LNs such as pararectal LNs 
in the connective tissue along the branches of internal iliac vessels. Pelvic LNs 
receive afferent from pelvic, peripheral, visceral, and parietal structures and send 
efferents to proximal group of LNs. The pelvic LNs are generally named after the 
arteries they are clustered around.

15.3.1  Common Iliac Lymph Nodes

The common iliac LNs are located along the common iliac vessels, caudal to the 
aortic bifurcation and cranial to the common iliac bifurcation. They can be sub-
divided into three groups as lateral (to the common iliac vessels), medial (to the 
common iliac vessels), and middle (located in the lumbosacral fossa). Common 
iliac LNs are not local drainage for the prostate and not delineated for RT 
planning.

15.3.2  External Iliac Lymph Nodes

The external iliac LNs are found along the external iliac vessels, in the lateral pelvis, 
caudal to the common iliac bifurcation and cranial to the inguinal ligament. They 
can also be subdivided into lateral, medial, and medium parts. Obturator nodes are 
generally considered to be a part of the medial external iliac node group by some 
experts. The external iliac LNs drain lymph from the leg and buttocks (via superfi-
cial and deep inguinal nodes), the superior aspect of the urinary bladder, the prostate 
in men, and superior parts of the uterus in women. These nodes drain into common 
iliac nodes.

15.3.3  Internal Iliac Lymph Nodes

The internal iliac LNs are found along the internal iliac vessels and its branches. They 
are more posterior in the pelvis than are the external iliac LNs. Obturator LNs are an 
important cluster of internal iliac LNs. They are generally found along the obturator 
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artery and continue into the obturator foramen. Internal iliac LNs also include the 
lateral sacral and presacral LNs. Some authors use the term “hypogastric” for the most 
superior internal iliac LNs, whereas others use it for the entire internal iliac group [21, 
22]. Internal iliac nodes drain lymph from all pelvic structures but they are not the 
only drainage way. The deep parts of the buttock may drain via the gluteal vessels into 
internal iliac nodes, and the upper part of the anal canal drains into internal iliac nodes. 
Internal iliac nodes also drain into common iliac nodes.

15.3.4  Presacral Nodes

The presacral LNs are found in the mesorectum, immediately anterior to the sacrum 
and posterior to the mesorectal fascia. They drain lymph from the rectum and anal 
canal, the prostate in men. These nodes may drain into common iliac, lumbar, or 
inferior mesenteric LNs.

The lymphatic drainage of the prostate is mainly into four stations; first, it drains 
into the pudendal axis and obturator fossa, then into the internal and lateral external 
iliacs, continuing with superior external iliacs, and, finally, to the perirectal and 
presacral area [23]. The posterior part of the prostate mainly drains into the obtura-
tor and external iliac and partially into the internal iliac LNs. The apex drains into 
the internal iliac, common iliac, and presacral lymphatics. The anterior part of the 
gland mainly drains into the pudendal and internal iliac LNs.

During the era of 2D CRT, a four-field box technique was administered to patients 
with prostate cancer according to the bony landmarks in the pelvic area. The supe-
rior border was at the L4–L5 or L5–S1 interspace, and the inferior border was infe-
rior to the ischial tuberosities. The lateral border was 1.5–2 cm lateral to the pelvic 
brim on anterior/posterior portals, and anterior border was the anterior aspect of the 
pubic symphysis, and posterior border was at the S2–S3 interspace on lateral por-
tals. In order to limit the dose to the small bowel and femoral heads, corner blocks 
were used at all four corners.

With the developing techniques of RT, planning CT is used for patient-based 
treatment. Unless there is a contraindication, intravenous contrast is adminis-
tered during simulation to better visualize the nodal disease. The Royal College 
of Radiologists defined pathologic LNs as having a short axis of >9 mm for com-
mon iliac, >10 mm for external iliac, >7 mm for internal iliac, and >8 mm for 
obturator LNs on imaging techniques [24]. Delineation guidelines for the lym-
phatic region have been proposed for conformal RT techniques. RTOG published 
a guideline for delineating pelvic LNs in high-risk prostate cancer in 2009 [25]. 
The recommendations of this guideline were based on previously published stud-
ies of prostatic lymphography which revealed the prostate drains mainly into the 
internal iliac and presacral and then into the external iliac and common iliac LNs 
[9, 10]. Prostate cancer usually drains into multiple LNs and drainage is not con-
tiguous [11–15]. The authors defined three main lymphatic drainage areas which 
are internal iliacs on the superior, external iliacs on the lateral, and subaortic 
aspect of the S1–S3 presacrals on the posterior [19, 20]. Based on these data and 
historical 2D CRT portal, they had five final recommendations:
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 1. Start delineating the LN clinical target volume (CTV) at the L5–S1 interspace in 
order to include distal common iliac and proximal presacral LNs.

 2. Give a margin of 7 mm around the external and internal iliac vessels without 
including organs at risk (OAR) such as the small bowel, urinary bladder, and 
bones. They also recommended giving an additional 10 mm margin to the exter-
nal iliacs anterolaterally along iliopsoas muscle to include lateral external nodes 
and extending lateral borders of internal iliacs to the pelvic sidewall.

 3. Delineate the subaortic portion of presacral LNs between S1 and S3. The poste-
rior border is the anterior sacrum, and give an additional 1 cm margin for the 
anterior border without including OARs.

 4. Stop delineating external iliac LNs when you see the femoral heads on the supe-
rior which is the bony landmark for the inguinal ligament, and connect them to 
internal iliacs on each slice.

 5. Stop delineating obturator LNs when you see the pubic symphysis on the superior.
 6. Boundaries and recommended margins for pelvic LNs are summarized in 

Table 15.1.

The ongoing Prostate and pelvIs Versus prOsTate Alone treatment for Locally 
advanced prostate cancer (PIVOTAL) study uses different delineation techniques 
than RTOG in certain points. For instance, they do not describe the superior border 
as “L5–S1 interspace” but as “inferior to L5 vertebra” because they claim that the 
interspace is not a straight line, and the latter definition is more consistent. Secondly, 
they recommend the inferior border not the “top of” but “1 cm above the top of the 
pubic symphysis” in order to eliminate the anatomical variations of individual 
patients. They add the term “bowel expansion volume (BEV)” which is bowel + 3 mm 
margin, and they switch it with “bowel” and add the rectum and muscle as critical 
organs that should not be included in the LN-CTV. They recommend giving a 
12 mm margin anterior to the sacrum for presacral LNs. Finally, they claim that 
internal and external iliac volumes should be connected with an 18 mm strip, intra-
venous contrast should be used to help identification of vessels, an 18 mm strip 
should be given from the inner surface of bony pelvic sidewall in order to constitute 
obturator lymphatic region, and all small white dots which may be representing 
small blood vessels and associated LNs should be included.

Despite the recommendations of the RTOG guideline, there are studies claiming 
that these nodal regions do not entirely cover the areas under recurrence risk. Meijer 
et al. studied the distribution of LN metastases on magnetic resonance (MR) lym-
phography and found that more than half of the patients had ≥1 LN in areas which 
are not included in the RTOG guideline [26]. They showed that an important per-
centage of patients have metastases in the para-aortic, proximal common iliac, peri-
rectal lymphatics, and even in the perivesical and inguinal regions.

They also stated that the risk of perirectal and proximal common iliac LN 
involvement was associated with GS and PSA level, respectively, concluding that 
the respective lymphatic areas should be included in the LN-CTV in patients with 
these high risk factors.

A recent study revealed that in approximately half of the patients, the superior 
border of the RTOG guideline does not cover the lymphatic area that shows 
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recurrence [27]. The authors concluded that extending the field can cover these 
areas or adding androgen deprivation therapy can minimize the risk of more supe-
rior LN recurrence in high-risk patients. On the other hand, a study from the 
Massachusetts General Hospital reported that 95% of the LNs are in 1.5 cm proxim-
ity from large vessels and iliac vessels under high-risk of respective LN involve-
ment should be given a radial margin of 2 cm for adequate coverage of the subclinical 
disease that cannot be shown by imaging techniques [28]. They recommended 
delineating the distal 2.5 cm portion of common iliac, proximal 9 cm portion of 
external iliac, and proximal 8.5 cm of internal iliac vessels starting from the iliac 
bifurcation. Based on these findings, the currently ongoing RTOG 0924 trial is eval-
uating the benefit of extending the superior border of RT portals.

Pelvic lymphatic delineation in a prostate cancer treated with definitive IGRT is 
depicted in Fig. 15.1.

Fig. 15.1 Pelvic lymphatic delineation in a prostate cancer treated with definitive IGRT

15 Guidelines for the Delineation of Lymphatic Target Volumes in Prostate Cancer
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 Conclusion
Elective nodal irradiation is not a standard procedure in patients with N0 prostate 
cancer that undergo RT. However, irradiation of pelvic LNs can be performed in 
patients with a high risk of or that already have LN metastasis. The recommended 
delineation guideline of the pelvic LNs is given in detail in this chapter. Although 
there are studies reporting the insufficiency of the available guideline, the varia-
tions in contouring the LNs between the institutions can be minimized if these 
recommendations are applied in clinical practice.

Fig. 15.1 (continued)
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Advanced Radiotherapy Techniques 
in Prostate Cancer

Cem Onal and Ozan Cem Guler

Abstract
Prostate cancer (PC) is the most common tumor in males. Treatment options 
for localized prostate cancer include radical prostatectomy and radiation ther-
apy (RT), which is delivered either as external beam radiation therapy (EBRT) 
or brachytherapy (BRT). According to “European Association of Urology” 
guidelines, although radical prostatectomy is the gold standard treatment 
option in localized PC, definitive RT could be an alternative treatment option 
in medically inoperable patients or who refused surgery. Treatment of PC has 
been evolving since the last decades with the innovation in technology. More 
precise radiotherapy (RT) techniques provides sharper isodoses while sparing 
organs at risk (OAR). It is also important that setup margins could be reduced 
with image guidance. Hence, precisely defining targets and considering organ 
movement are gaining much more importance. As a consequence of sharper 
isodoses and image guidance, dose escalation comes into question. It is well 
known that there is a positive correlation between RT dose and biochemical 
progression-free survival (BPFS) but not overall survival (OS) rates, with 
dose escalated conventionally fractionated up to 76–80 Gy in 2 Gy fractions, 
which is a biologically equivalent dose (BED1.5) of 180–200 Gy, assuming an 
α/β of 1.5. A recent meta-analysis clearly demonstrated an increased disease 
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control with a BED1.5 to 200 Gy, with no additional clinical benefit with doses 
above 200 Gy. In order to deliver higher doses to the prostate without increas-
ing  surrounding organs at risk, it is essential to delineate target volumes prop-
erly, deliver RT with high-technology devices, immobilize patient, and track 
prostate during RT. The aim of this chapter is to review recent advances in 
prostate RT.

16.1  Advances in Imaging and Tumor Delineation

Major advances in diagnostic imaging dramatically improved the ability to accu-
rately target the prostate with smaller treatment volumes. This, in turn, led to better 
toxicity profiles, safe dose escalation, and improved disease control [2, 3, 4–6]. 
More recently, onboard imaging devices (cone beam computed tomography 
[CBCT]) used to image the prostate during treatment have led to further increase in 
dose delivered per treatment and an associated decrease in total treatment duration. 
Trends toward earlier diagnosis during the PSA screening era have led to detection 
of more focal and smaller volume disease within the prostate. In an effort to inten-
sify treatment and avoid adverse effects in these patients, focal ablative techniques 
have been used to target only intraprostatic lesions (IPL) as opposed to traditional 
treatment of the whole gland or dose escalation to IPL lesion with simultaneous 
integrated boost (SIB) technique.

With increasing technology in radiological imaging, functional and metabolic 
imaging is taking the place of conventional modalities in oncology. Additionally, 
functional imaging modalities, such as positron emission tomography (PET-CT), 
diffusion-weighted magnetic resonance imaging (DW-MRI), or MR spectroscopy, 
may be potentially used to define the tumor biology. It is important to clearly define 
the tumor biology during RT because there may be discordance between clinical 
and pathological staging and Gleason scores of biopsy and prostatectomy speci-
mens. For this reason, a thorough evaluation of the entire prostate is essential 
before performing definitive RT, in which histopathological evaluation is based on 
prostate biopsy only, and staging is performed with clinical and radiological find-
ings. Noninvasive methods to evaluate the entire prostate and the tumor biology 
before performing RT may be a promising alternative. Moreover, this approach 
would allow optimized treatment delivery to adequately stratified patient risk 
groups.

The best method of imaging prostate cancer is endorectal T2-weighted MRI, which 
has 60–82% sensitivity and 55–70% specificity for detecting cancer [7, 8]. Additionally, 
recent studies have aimed to determine the value of MR correlates of cellular density, 
metabolite concentration, and tumor vascularization for predicting tumor 
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aggressiveness [9, 10]. The DW-MRI is advantageous in tumor localization [11, 12], 
and it may also provide qualitative information regarding the pathophysiological char-
acter of prostate cancer [13, 14] (Fig. 16.1).The DW-MRI is sensitive to the micro-
scopic motion of water molecules and allows biological characterization of tissues 
based on their water-diffusion properties. The degree of diffusion is quantified as the 
apparent diffusion coefficient (ADC).

Conventional 18-fluorodeoxyglucose (FDG) PET-CT has been widely used for 
various tumors [15–19]; however, its role in prostate cancer is limited. Choline PET 
and 18F-fluciclovine PET are other nuclear imaging modalities for prostate cancer 
[20]. The use of choline PET remains unclear for its value in initial staging. In the 
restaging phase, the detection rate of choline PET varies between 21% and 82%, 
which is dependent on site of recurrence and PSA levels [21]. A systematic review 
showed that the sensitivity and specificity of 18F-fluciclovine PET for prostate can-
cer was 87% and 66% [20]. There is an increasing investigation about specific 
markers related to prostate cancer. Prostate-specific membrane antigen (PSMA) is 
overexpressed in prostate cancer cell membranes [22]. The PSMA-PET is a highly 
selective imaging tool for detecting the primary, involved lymph nodes and distant 
metastasis in prostate cancer patients (Fig. 16.2). Also the importance of PSMA 
PET in identification of both local and distant recurrences was shown in many trials 
with a detection rate for recurrent disease of approximately 85–90% [23, 24]. The 
detection rate is correlated with PSA value and decreasing to 58% between PSA 
values of 0.2–0.5 ng/ml [24]. Furthermore, PSMA-PET is useful in demonstrating 
IPL, for further dose escalation during prostate RT (Fig. 16.3).

Fig. 16.1 Axial apparent diffusion coefficient map of a corresponding patient demonstrating 
prostate tumor at left peripheral zone
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16.2  New Radiotherapy Delivery Approaches

Historically, the prostate was treated with four static radiation fields designed 
based on anatomic landmarks. However, with this technique, it is difficult to get 
idea about the target volume doses and also surrounding organs. As a consequence, 
geographic misses may be seen more than expected, and it is difficult to know 

a b

c

Fig. 16.2 68 Ga-PSMA ligand positron emission tomography/computed tomography images of a 
representative prostate cancer patient. (a) PSMA-PET-CT image, demonstrating increased uptake 
in the pelvic and para-aortic lymphatics (arrows). (b) The co-registered images of PET and CT, 
demonstrating increased Ga-PSMA uptake in the para-aortic lymphatics and (c) in the prostate

Fig. 16.3 68 Ga-PSMA ligand positron emission tomography/computed tomography images 
demonstrating intraprostatic lesion (light yellow area) in three different representative prostate 
cancer patients
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about the toxicities. With the use of a 3D conformal RT (3DCRT) technique, the 
dose escalation above 70 Gy resulted in a modest increase in rectal and bladder 
toxicity. With advancements in imaging, more focal three-dimensional treatment 
plans were developed to target the prostate and seminal vesicles only (Fig. 16.4). 
Further advances in radiation delivery techniques such as IMRT and volumetric 
modulated arc therapy (VMAT) led to greater sparing of adjacent normal tissue to 
reduce toxicity. Techniques such as VMAT and IMRT are able to generate confor-
mal isodoses, which significantly reduce the OAR doses and normal tissue toxicity 
[25]. Although IMRT is a commonly used method to treat prostate cancer, the 
potential downsides of IMRT include increased RT delivery time, resulting in a 
greater integral body dose, which might increase the risk of secondary cancer 
development [26].

VMAT is an innovative form of IMRT optimization that allows the radiation 
dose to be efficiently delivered using a dynamic modulated arc. The VMAT 
simultaneously coordinates gantry rotation, multi-leaf collimator (MLC) motion, 
and dose- rate modulation, facilitating highly conformal treatment with better 
normal tissue sparing [27]. Compared with IMRT, the potential advantages of 
VMAT include a large reduction in monitor units (MU) required to deliver a 
given fraction size and a concomitant reduction in treatment time (Figs. 16.5 and 
16.6). Helical tomotherapy (HT) is an arc-based application of IMRT that uses a 
fan beam of radiation in conjunction with binary MLC. The gantry rotates at a 
constant speed, while the binary MLC leaves open 51 times per rotation and 
close entirely between projections. This rotational treatment modality can estab-
lish target dose conformity and OAR dose reduction (Fig. 16.7). Several recent 
studies have evaluated the use of VMAT delivery methods in prostate cancer 
(Table 16.1) [28–38].

Image guidance is essential for delivering the high radiation doses to the 
prostate accurately. The prostate is a mobile organ influenced by bladder and 
rectal filling. The position of these structures as defined on the planning CT can 
vary during and between fractions. Delivery of highly conformal treatments 

a b

Fig. 16.4 (a) Dose distributions of a seven-field coplanar three-dimensional conformal radio-
therapy plan. (b) Beam’s eye view of lateral irradiation field demonstrating prostate and seminal 
vesicles (red), rectum (brown), and bladder (magenta)
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with steep dose gradients demands confidence in localization of the target 
because motion can lead to geographic miss, underdosing of the tumor, and/or 
unwanted overdosing of organs at risk. Dedicated CBCT equipment can acquire 
a 3D CT image in real time in the treatment position just before treatment 
(Fig. 16.8). Resolution is not of diagnostic quality but enables visualization of 
soft tissues (prostate, bladder, and rectum) so that table shifts can be made if 
needed. CBCT can be used in conjunction with fiducial seeds. However, the 
implantation of fiducial markers is an invasive procedure with the potential for 

a

b

c

d

e

f

Fig. 16.5 Representative axial computed tomography slices showing 50% of prescribed dose 
distributions for (a) 6 MV, (b) 10 MV, and (c) 15 MV energy IMRT plans and (d) 6 MV, (e) 10 MV, 
and (f) 15 MV energy VMAT plans. Blue area represents 50%, red area represents 95%, and 
yellow- orange area represents 50–95% of prescribed dose
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discomfort, bleeding, and infection. Furthermore, fiducial markers provide little 
information on deformation of the target, localization of the seminal vesicles, or 
alteration in the neighboring normal tissue and may cause deformation of the 
prostate gland after implantation. Although fiducial marker implantation for 
image-guided RT in prostate cancer allows the localization of the prostate dur-
ing treatment, this application may cause some complications and dosimetric 
uncertainties. Therefore, alternative noninvasive methods of CBCT should be 
considered for IGRT of prostate cancer patients [39].

a

b

c

d

e

f

Fig. 16.6 Representative axial computed tomography slices showing 90% of prescribed dose 
distributions for (a) 6 MV, (b) 10 MV, and (c) 15 MV energy IMRT plans and (d) 6 MV, (e) 10 MV, 
and (f) 15 MV energy VMAT plans. Yellow area represents 95%, and red area represents hot spots 
within the target volume
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Fig. 16.7 Helical 
tomotherapy version HDA 
used for external beam 
radiotherapy

Table 16.1 Published studies comparing VMAT and IMRT plans for prostate ± seminal vesicle 
irradiation

Author (year)
Patient 
no TPS

RT dose 
(Gy)

IMRT 
beam 
no VMAT arc no

IMRT 
MU/VMAT 
MU

Palma et al. 
(2008)

10 Eclipse/Eclipse 2/74 5 1/358° 1.73

Wolff et al. 
(2009)

9 Hyperion/ERGO++ 2/76 7 1/360°
1/360° + 2/100°

1.41
1.47

Zhang et al. 
(2010)

11 MSKCC/MSKCC 1.8/86.4 5 1/360° 2.22

Rao et al. 
(2010)

6 Pinnacle/Pinnacle 
SmartArc

2/78 7 1/356° 1.16

Sale et al. 
(2011)

8 Eclipse/Eclipse 1.8/75.6 5 1/360°
2/360°

Tsai et al. 
(2011)

12 Pinnacle/ERGO++ 2/78 5 1/360° 1.08

Hardcastle 
et al. (2011)

10 Pinnacle/Pinnacle 
SmartArc

2/78 7 1/360° 1.23

Sze et al. 
(2012)

14 Eclipse/Eclipse 2/76 7 1/360°
2/360°

1.48
1.23

Fontenot 
et al. (2012)

5 Pinnacle/Pinnacle 
SmartArc

7 1/350° 1.25

Onal et al. 
(2014)

12 Monaco/Monaco 2/78 7 1/360° 1.10

Abbreviations: TPS treatment planning system, IMRT intensity-modulated radiotherapy, VMAT 
volumetric modulated arc therapy, MU monitor units, MSKCC Memorial Sloan Kettering Cancer 
Center
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16.3  Radiotherapy Dose Escalation

External beam radiotherapy (EBRT) focusing on intensity-modulated RT (IMRT) 
and image-guided RT (IMRT), hypofractionation and stereotactic body RT (SBRT), 
high-dose rate (HDR) brachytherapy, proton beam RT (PBRT), and ablative thera-
pies such as cryoablation, high-intensity focused ultrasound (HIFU), and radiofre-
quency ablation (RFA) are therapeutic modalities that have been investigated in 
patients with PC in an attempt to reduce toxicity while improving cancer control. 
These treatment modalities could be used as monotherapy, whole prostate, or IPL 
boost.

A 3 mm thickness planning CT should cover the whole pelvis for RT planning. 
Patients need to be asked to have a comfortably full bladder and an empty rectum 
[40]. If MRI or PET fusion is planned to fuse with planning CT, these imaging 
modalities should be obtained in closest possible condition. In addition to that, in 
patients planning to receive androgen blockade, imaging should be preferred before 
the initiation of hormonal therapy [31]. Gross tumor volume (GTV), clinical tumor 
volume (CTV), and planning tumor volume (PTV) are basically defined in the 

Fig. 16.8 Registration of cone beam CT images and reference CT images. After corrections 
according to prostate at lateral, superoinferior, and anteroposterior directions, the treatment was 
delivered with less setup errors
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International Commission of Radiation Units and Measurements (ICRU) [41]. CTV 
is based on clinical or pathological staging, while appropriate PTV margin is based 
on the RT technique and image guidance in the oncological center. The rectum, sig-
moid colon, small bowels, bladder, and femoral heads are recommended to delineate 
as OAR. The rectum needs to be delineated from the anal verge to the rectosigmoidal 
junction. Femoral heads need to be delineated to the level of ischial tuberosities.

Dose escalation for prostate cancer causes improved biochemical control and 
reduced distant metastasis [2]. However, local failure still occurs in one-third of 
patients after 78 Gy ERT, and the original IPL is the most frequent location of 
relapse [42]. Therefore, selectively boosting radiation to these lesions to a very high 
dose has been hypothesized to be a more effective method to improve the therapeu-
tic ratio than a homogeneous, but more modest, dose escalation to the entire prostate 
[43]. Randomized trials have shown a gain in BPFS using dose escalation for PC [1, 
2]. However, isolated local failure is still reported in nearly one-third of patients, 
even with higher RT doses [2]. Local recurrence is of clinical importance because a 
relationship has been suggested between local control, distant metastasis, and sur-
vival [44]. Also, it has been demonstrated that local failure mainly originates at 
IPL. This could be a result of intrinsic resistance of radioresistant tumor clones [42]. 
So, delivering higher doses to IPL using SIB technique may potentially increase 
local control and treatment outcomes. The SIB technique can be safely performed 
by static IMRT, VMAT, or HT (Fig. 16.9). With VMAT plan (Fig. 16.10) and HT 
plan (Fig. 16.11), a homogeneous dose distribution was observed in target volumes 
with better sparing of the surrounding organs.

There are several studies investigating SIB boost to IPL/whole gland in treatment 
of PC [12, 32, 45–47] (Table 16.2). A boost to the IPL has been found to be effec-
tive and safe [48]. The reported BRFS and DFS rates were 78–92% and 90–100%, 
respectively [48]. Although SIB to IPL is not a standard approach, several ongoing 
studies will evaluate whether this approach is effective in local tumor control or not.

The investigate the benefit of a focal lesion ablative microboost in prostate can-
cer (FLAME) trial (ClinicalTrials.gov identifier NCT01168479) is a phase III study 
evaluating an EBRT boost to the DIL [49]. The tumor TARGET PC trial is a non-
randomized phase II study (ClinicalTrials.gov identifier, NCT01802242) compar-
ing a combination of a boost to the DIL with high-dose-rate brachytherapy and a 
moderate dose of volumetric modulated arc therapy (VMAT) for the rest of the 
prostate, with VMAT as monotherapy for the whole prostate.

a b c

Fig. 16.9 The dose distributions of prostate irradiation and simultaneous integrated boost to intra-
prostatic lesion in (a) static IMRT plan, (b) VMAT plan, and (c) helical tomotherapy plan

C. Onal and O.C. Guler
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a b c

Fig. 16.10 The intraprostatic lesion demonstrated in (a) diffusion-weighted MRI and (b) 
68 Ga-PSMA-PET/CT. (c) The dose distribution of prostate (green-yellow area) and intraprostatic 
lesions (red area) obtained from VMAT plan

a b c

Fig. 16.11 The intraprostatic lesion demonstrated in (a) diffusion-weighted MRI. (b–c) The dose 
distribution of prostate (blue area) and intraprostatic lesions (red area) together with pelvic lym-
phatics (pink area) obtained from helical tomotherapy plan

Table 16.2 Published studies demonstrating the feasibility of simultaneous integrated boost 
intraprostatic lesion during prostate radiotherapy

Author (year) Patient no Imaging RT technique/dose Toxicity
De Meerleer 
et al. (2005)

15 MRI Step-shoot IMRT
Prostate + 7–10 mm 74 Gy
IPL + 0 mm 80 Gy

Acute GI Gr II 3/15
Acute GU Gr III 
1/15
Acute GU Gr II 
6/15

Singh et al. 
(2007)

3 MRI + fiducial Step-shoot IMRT
Prostate + 7–10 mm 
75.6 Gy
IPL + 3 mm 94.5 Gy

Acute Gr I 1/3
Acute GU 2/3

Fonteyne  
et al. (2008)

118 
(boost)
112 (no 
boost)

MRI Step-shoot IMRT
Prostate + 8 mm 78 Gy
IPL + 4 mm 80 Gy

No increase in 
toxicity with SIB 
plan

Miralbell  
et al. (2010)

50 MRI Prostate 64–64.4 Gy
Hypofractionated boost 
5–8 Gy

Late GI Gr II 10%
Late GI Gr III 10%
Late GU Gr II 12%

Ippolito  
et al. (2012)

40 MRI Step-shoot IMRT
Prostate + 10 mm 72 Gy
IPL + 5 mm 80 Gy

Late GI Gr II 5%
Late GI Gr III 2.5%
Late GU Gr II 5%

(continued)
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16.4  Hypofractionation/Stereotactic Body Radiotherapy

Larger fraction per treatment is hypothesized with better radiobiological effect in 
the treatment of PC [50]. In addition to that, the potentially low alpha/beta ratio of 
PC is hypothesized as the rationale of hypofractionation and SBRT [51–53]. In 
moderate hypofractionation, 2.2–4 Gy per fraction is generally delivered with linear 
accelerators, while doses above 5 Gy are used in SBRT. SBRT uses more intensive 
immobilization and tracking systems to safely deliver high doses of radiation com-
pared to IMRT.

SBRT and hypofractionation studies generally investigated low-risk and 
intermediate- risk patients. Because high-risk disease requires more comprehensive 
approach due to risk of regional spread, SBRT is generally used as boost in such 
patients. Also, greater likelihood of local recurrence and resistance of conventional 
RT dose makes high-risk patients a candidate for dose escalation with larger RT 
fraction [54].

Summaries of hypofractionation and SBRT studies are depicted in Table 16.3. 
Briefly, SBRT and hypofractionated RT could be used as monotherapy, whole-gland 
boost therapy, or focal boost of IPL. There are various RT schemes for monotherapy 
of PC, but the optimal fractionation has not been determined. Most of the studies 
investigated the BPFS, quality of life (QoL), and toxicity. In general, hypofraction-
ation or SBRT is well tolerated with acceptable results without any serious increase 
in toxicity.

Radiofrequency tracking or implanted markers such as fiducial can be used for 
delivering SBRT. Prostate movement can be minimized with careful bladder and 
rectal/small bowel preparation [55]. If standard cone beam computerized tomogra-
phy (CBCT) is used instead of tracking systems, it is recommended to perform 
before and after treatment. Rectal protection is the one of the major issues in PC 
SBRT. Care should be taken to ensure the rectum receives less than the prescribed 
radiation dose. The use of an inflatable rectal balloon for rectal distension or 

Author (year) Patient no Imaging RT technique/dose Toxicity
Wong et al. 
(2011)

Total 71
SIB 14

Indium-111- 
capromad

Step-shoot IMRT
Prostate + 4–8 mm 76 Gy
IPL + 4 mm 80 Gy

Late GI Gr II 21%
Late GU Gr II 39%
Late GU Gr III 4%

Pinkawa  
et al. (2012)

Total 67
SIB 46

18F-choline PET Step-shoot IMRT
Prostate + 6 mm 75.6 Gy
IPL + 0 mm 80 Gy

No increase in 
toxicity with SIB 
plan

Aluwini  
et al. (2013)

50
14 IPL (+)

MRI + fiducial Prostate + 3 mm 38Gy/4 fx 
(daily)
IPL 44Gy/4fx

Late GI Gr II 3%
Late GU Gr II 10%
Late GU Gr III 6%

Onal et al. 
(2016)

173 MRI Dynamic IMRT/VMAT
Prostate + 5–8 mm 78 Gy
IPL + 4 mm 86 Gy

Late GI Gr II 4%
Late GU Gr II 3%

Table 16.2 (continued)
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rectoprostatic injectable hydrogel can be used for organ motion. Another issue 
about PC SBRT is homogeneity. Ideally care should be taken with maximal dose 
inhomogeneity of less than 107% of the prescription dose within the prostate to 
prevent ureteral complications. Caution and care must be taken for appropriate edu-
cation, immobilization, and RT delivery.

16.5  Brachytherapy

High-dose rate (HDR) BRT delivers radiation at a dose rate of >12 Gy/h. Iridium-192 
is the most commonly used isotope in BRT. The use of BRT allows for a degree of 
conformality and dose distribution that is difficult to achieve with EBRT.

BRT is recommended in patients with cT1-2a, PSA ≤ 10, GS ≤ 7, and prostate 
volume ≤ 50 cc [56].

16.6  Proton Beam Radiation Therapy

PBRT aims to deliver radiation to the prostate while taking advantage of the physi-
cal property of protons to minimize dose to surrounding tissue and OAR [57]. 
Researchers mainly focus on low-risk PC [58, 59], but it is possible to use PBRT in 
combination with photon energies as a boost treatment [60, 61].

Mendenhall et al. conducted a prospective study investigating the role of 
PBRT in 40 high-risk PC patients. Patients were given weekly concomitant 
docetaxel chemotherapy followed by hormonotherapy for 6 months. Five-year 
BPFS was 76% and grade III toxicities for GIS and GUS were 0.5% and 1%, 
respectively [57]. Bryant et al. retrospectively analyzed 229 high-risk PC patients 
treated with PBRT. They reported 5 year BPFS of 76, and grade III or higher 
toxicities for GIS and GUS were 0.6% and 2.9%, respectively [62]. Unlike these 
authors, Slater et al. reported a relatively poor 5 year BPFS of 48–50% in the 133 
high-risk patients in retrospective analysis [59]. Caution should be taken when 
interpreting these findings because of small sample sizes and lack of the number 
of studies.

16.7  Ablative Focal Therapies

Alternative focal treatment methods to RT and RP continue to be investigated for 
the treatment of PC. There are various focal treatments but cryoablation, high- 
intensity focused ultrasound (HIFU), and radiofrequency ablation (RFA) are the 
most studied approaches. These technologies aim to deliver focal ablation with 
minimally or noninvasive methods. Although most investigations are about low-risk 
PC, it is unclear for high-risk patients [63].

C. Onal and O.C. Guler
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16.7.1  Cryoablation

Cryoablation is based on focal areas of freezing (minus 30 °C) and cell death. 
Because it is not possible for this technique to use it for the whole gland, studies 
focused on partial or targeted treatments. Bahn et al. investigated hemiablation in 73 
low- and intermediate-risk patients. The authors reported that potency sparing is 
about 86–100% [64]. Also, cryoablation is investigated as salvage therapy after 
recurrence of postradiation treatment [65].

16.7.2  High-Intensity Focused Ultrasound (HIFU)

HIFU is based on coagulation necrosis by thermal energy and cell death. It has been 
investigated for mostly low-risk PC. Generally the treatment is considered as more 
toxic and potentially less efficacious than modern RT treatments [66, 67]. Also, 
rectourethral fistula after HIFU had been reported [68]. Therefore, the role of HIFU 
against RT is limited by only experimental studies.

16.7.3  Radiofrequency Ablation (RFA)

RFA uses thermal damage to cause death. RFA has two major differences from 
HIFU. Firstly, RFA is an invasive technique with interstitial electrodes. Secondly, 
RFA uses electric energy instead of ultrasonography. Nevertheless, the lack of data 
concerning RFA and its role in PC still remain controversial.

 Conclusion

The evidence in PC treatment continues to increase. Sharper dose gradients can 
be obtained, and OAR doses can be reduced with new technologies, but care 
must be taken to organ motion and targeting. The use of SBRT, BRT, and PBRT 
is promising. Clinical data supports the use of SBRT in selected patients with 
low-risk and intermediate-risk, while it is still controversial in high-risk PC. Focal 
ablation therapies are not recommended in routine clinical practice unless in 
clinical trial.
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17Adjuvant or Salvage Radiotherapy 
in Postoperative Prostate Cancer

Ugur Selek, Yasemin Bolukbasi, and Deborah A. Kuban

Abstract
Prostate-specific antigen (PSA) screening increased the diagnosis of prostate can-
cer at a localized stage to be treated with a curative intent; approximately half of 
them undergo radical prostatectomy, and roughly one third of surgically treated 
patients are expected to experience a recurrence in 10 years’ follow-up. Once PSA 
failure occurs, many develop distant metastases at a median of 8 years and after-
ward followed by cancer-related death at a median of 5 years. Biochemical failure 
risk after radical prostatectomy is mainly expected mostly in men with any of the 
following features: detectable postoperative PSA, positive surgical margins, extra-
prostatic extension of tumor (T3a), seminal vesicle invasion (T3b), and Gleason 
score ≥ 8. The radiotherapy in the undetectable PSA environment (<0.01 ng/mL) 
within 4 months after prostatectomy is termed as “adjuvant,” while radiotherapy in 
rising PSA within any time after prostatectomy is defined as “salvage.”

17.1  Introduction

Prostate cancer is the most frequent malignancy in males and a major cause of 
cancer-related mortality [1, 2]. Prostate-specific antigen (PSA) screening increased 
the diagnosis of prostate cancer at a localized stage and, therefore, treatment with a 
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curative intent. Approximately half of the men with localized disease undergo radi-
cal prostatectomy, and roughly one third of these are expected to experience a recur-
rence within 10 years’ time [3, 4]. Once PSA failure occurs, the median time to 
distant metastasis is 8 years followed by prostate cancer-related death at a median 
of 5 years [5]. Biochemical failure risk after radical prostatectomy increases with 
the following features: detectable postoperative PSA, positive surgical margins, 
extraprostatic extension of tumor (T3a), seminal vesicle invasion (T3b), and Gleason 
score ≥ 8 [3, 6, 7]. Postoperative radiotherapy with undetectable PSA (<0.1 ng/mL) 
within 4 months of surgery is defined as “adjuvant,” while radiotherapy for rising 
PSA at any point after prostatectomy is referred to as “salvage.”

There have been ongoing arguments as to whether patients with unfavorable dis-
ease features benefit from adjuvant therapy and as to when the window of opportu-
nity for salvage treatment is greatest. The American Society of Clinical Oncology 
Clinical Practice Guideline Endorsement in 2014 sought to clarify the confusion on 
four fundamentals: patient counseling, adjuvant versus salvage radiotherapy settings, 
an acceptable definition of biochemical recurrence, and the restaging evaluation [8].

The preference for salvage radiotherapy is based on allowing enough time for 
post-prostatectomy urinary and erectile function recovery, avoiding potentially 
unnecessary radiotherapy in a large group of patients and avoiding radiotherapy- 
related toxicity. Accumulation of retrospective knowledge from prostatectomy 
series has provided patterns of relapse and valuable information by which to define 
patients at high risk of recurrence in order to rationalize therapeutic measures [5, 9, 
10]. A recent update of the Stephenson nomogram by Tendulkar et al. has been 
published on multi-institutional outcomes for salvage radiotherapy (SRT) derived 
from 2460 node-negative patients with a detectable post-RP PSA treated with SRT 
with or without concurrent androgen-deprivation therapy (ADT) with a median 
follow-up of 5 years [11]. Overall, the pathologic features of positive surgical mar-
gins (58%), extraprostatic tumor extension (T3a, 56%), seminal vesicle invasion 
(T3b, 18%), Gleason score (76%: 7, 56%; 8, 10%; 9–10, 9%), and pre-radiation 
PSA levels were significantly associated with biochemical failure-free survival at 
5 years after treatment.

Most of the biopsy-proven biochemical failures occur in the prostate or seminal 
vesicle bed [12, 13]. Connolly et al. analyzed the characteristics of local recurrence 
after radical prostatectomy in 114 patients with an elevated PSA and a negative 
bone scan using ultrasound-guided prostate fossa biopsies. The authors concluded 
that the majority of the recurrences were at the anastomosis (66%), the bladder neck 
(16%), and posterior to the trigone (13%) [12]. Furthermore, the examination of 
pathological details demonstrated that local recurrences are associated with organ- 
confined disease just 20% of the time but with positive surgical margins in 66% of 
patients. (Leventis et al. also evaluated the accuracy of transrectal ultrasonography- 
guided prostatic fossa biopsy in the detection of local recurrence in their 99 patients 
with biochemical recurrence after radical prostatectomy [13]; they revealed positive 
biopsies in more than half of the suspected lesions at the urethrovesical anastomotic 
area and bladder neck in addition to rare lesions in the retrovesical space.) Instead 
of this reference which basically says that + bx is 50/50, you may want to quote the 
reference from MDA—Jingya Wang—Practical Radiation Oncology which looks at 
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the location of bx-proven local recurrences on MRI and creates a map. This would 
go along with the Connolly reference above.

In the Johns Hopkins Hospital radical prostatectomy series of 1997 patients oper-
ated on between 1982 and 1997, 15% of the cohort recurred mainly in the first 5 years 
after prostatectomy and 34% with metastatic disease [5]. Three key pathologic and 
clinical factors delineated those likely to develop metastases: Gleason scores of 8–10, 
≤2 years’ time to PSA recurrence, and ≤10 months PSA doubling time (PSADT). 
This study led to the clinical question as to whether a therapeutic salvage intervention 
might decrease the risk of metastases in these patients [9, 10]. Stephenson et al. retro-
spectively reviewed 501 salvage radiotherapy patients treated between 1987 and 2002 
at five US academic centers and concluded that in multivariate analysis, poor response 
after salvage radiotherapy was directly related to these prognostic predictors of pro-
gression: Gleason score (8–10, hazard ratio [HR], 2.6), pre-radiotherapy PSA level 
(>2.0 ng/mL,HR, 2.3), surgical margins (negative margins, HR, 1.9), PSADT 
(10 months or less, HR, 1.7), and seminal vesicle invasion (HR, 1.4) [9]. Progression-
free probability (PFP) of patients without adverse features was 77% at 4 years, treat-
ment of early recurrence (PSA level ≤ 2.0 ng/mL) documented PFP of 64% for 
positive surgical margins and of 22% for negative margins in patients with Gleason 
scores ≤7 and a rapid PSADT, and PFP of 81% for longer PSADT and of 37% for 
shorter PSADT in patients with Gleason scores of ≥8 and positive margins [9].

Trock et al. retrospectively studied a cohort of 635 biochemically recurrent patients 
who had radical prostatectomy between 1982 and 2004; 397 patients had no salvage 
treatment, 160 were treated with radiotherapy alone, and 78 had radiotherapy plus 
hormonal therapy [10]. Salvage radiotherapy alone was shown to improve cancer-
specific survival (PCSS) threefold (HR, 0.32) in comparison to no salvage treatment, 
while no benefit for adding hormonal therapy to radiotherapy was detected. The 
patients with improved PCSS after salvage radiotherapy had PSADT <6 months 
which remained significant in multivariate analysis. Delayed salvage radiotherapy, 
more than 2 years after recurrence, did not provide any benefit in PCSS in this cohort. 
Likewise, patients whose PSA did not become undetectable after salvage radiotherapy 
had no survival gain. In Duke cohort of 519 patients with biochemical failure after 
prostatectomy analyzed by Cotter et al., salvage radiotherapy was significantly associ-
ated with longer overall survival both in PSADT of <6 months and ≥6 months [14].

Since retrospective data points to the frequent need for salvage radiation in patients 
with high-risk features, prospective data would be helpful in determining who would 
benefit most from adjuvant radiotherapy. Three prospective randomized clinical trials, 
Southwest Oncology Group (SWOG) 8794, European Organization for Research and 
Treatment of Cancer (EORTC) 22,911, and Arbeitsgemeinschaft Radiologische 
Onkologie (ARO) 9602, have been published comparing adjuvant postoperative RT 
versus observation in radical prostatectomy patients who had adverse pathologic fea-
tures: positive margins, extracapsular extension, or seminal vesicular invasion [15–
21]. These publications led to the joint guidelines of both the American Society for 
Radiation Oncology (ASTRO) and the American Urological Association (AUA) 
which encourage consideration of adjuvant radiotherapy in case of these adverse 
pathologic findings and also salvage radiotherapy in patients with post-prostatectomy 
PSA recurrence or local recurrence without distant metastasis [3, 22].
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17.2  Randomized Adjuvant Radiotherapy Trials

All three adjuvant radiotherapy randomized trials treated intermediate or high-risk 
disease patients delivering radiotherapy to the prostatic fossa encompassing the 
vesicourethral anastomosis, the bladder neck, and the area posterior to the trigone, 
with 60 Gy in 30 fractions (64 Gy allowed in SWOG 8794). Primary end points 
varied: metastasis-free survival in SWOG, local control, and clinical progression- 
free survival in EORTC 22911 and progression-free survival in ARO. All now have 
long-term follow-up, >9 years. The most recent trial, ARO 9602 (307 patients), did 
not allow accrual of patients with detectable PSA at the time of postoperative RT as 
did SWOG 8794 (425 patients) and EORTC 22911 (1005 patients) [15–18]. 
Approximately one third of patients in SWOG 8794 and one out of eight to ten 
patients in EORTC 22911 had a pre-radiation PSA ≥ 0.2 ng/mL, while ARO 9602 
only included patients with “undetectable PSA” values <0.1 ng/mL [19–21]. The 
treatment technique was conventional RT with three or four fields in SWOG 8794 
(between 1988 and 1997) and EORTC 22911 (between 1992 and 2001), while 
3D-CRT planning was done in ARO 9602 (between 1997 and 2004).

Thompson et al. reported on SWOG 8794 [15, 16] with a median follow-up of 
more than 12 years in the most recent publication showing a significant improve-
ment at 10 years with postoperative radiotherapy in comparison to observation 
alone in overall survival (74% vs. 66%; HR 0.72; p = 0.023) and in metastasis-free 
survival (71% vs. 61%; HR 0.71; p = 0.016). Freedom from biochemical failure 
(absence of a rise in PSA to >0.4 ng/mL) at 5 years was also improved significantly 
with postoperative radiotherapy (70% vs. 45%). Salvage hormonal therapy was 
given to 21% of patients in the observation arm and to only 10% in the radiotherapy 
arm, whereas salvage radiotherapy was applied after failure to 33% of patients in 
the observation arm such that some say this was actually a comparison of early 
versus late radiation. The reported toxicity in the SWOG trial was 11.9% in the 
observation arm (urethral strictures, 9.5%; total urinary incontinence, 2.8%) and 
23.8% in the treatment arm (rectal, 3.3%; urethral strictures, 17.8%, RR 1.9, 
p = 0.02; total urinary incontinence, 6.5%, RR 2.3, p = 0.11).

Bolla et al. published EORTC 22911 [17, 18] noting a significant improvement at 
10 years in biochemical progression-free survival (absence of a rise in PSA of >0.2 ng/
mL over post-radiotherapy nadir), 60.6% vs. 41.1%, HR 0.49; p < 0.0001, in locore-
gional control (cumulative relapse rate, 7.3% vs. 16.6%, HR 0.45; p < 0.0001), and in 
distant metastases-free survival (cumulative metastasis rate, 10.1% vs. 11.0%, HR 
0.99; p = 0.94). No significant difference in 10 year in OS was seen (76.9% vs. 80.7%, 
HR 1.18; p = 0.2024), and there was no difference in prostate cancer-specific mortal-
ity rates (3.9% vs. 5.4%, HR 0.78; p = 0.3407). One third of the patients in observation 
arm were salvaged with radiotherapy, while salvage hormonal therapy rates at 5 years 
were 10.1% in the radiotherapy arm and 15.5% in observation arm. Toxicity in the 
EORTC trial was higher as expected in postoperative RT arm (cumulative any-grade 
toxicity, 70.8% vs. 59.7%, p = 0.001). Most toxicities were grades 1–2, and none were 
grade 4. Grade 3 toxicity at 10 years with postoperative radiotherapy was 5.3% in 
comparison to 2.5% in the observation arm (p = 0.052).
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ARO 9602 [19–21] showed a significant improvement for adjuvant radiation in 
10 year progression-free survival (progression defined as two consecutive PSA 
rises), 56% vs. 35%, p < 0.0001, but no significant difference in metastasis-free or 
overall survival as SWOG 8794 did. There was a third reported arm in the ARO 
study which was excluded from randomization: 74 patients with persistent PSA 
(median 0.6, range 0.05–5.6 ng/mL) after prostatectomy. These patients received 
66 Gy to the prostate bed at a median of 86 days after surgery [20]. In comparison 
to patients with an undetectable PSA, this group had significantly worse outcomes 
with a poorer 10 year metastasis-free survival (67% vs. 83%) and overall survival 
(68% vs. 84%). For the randomized patients, multivariate Cox regression analysis 
defined risk factors for progression as Gleason score ≥ 8 (HR 2.8), pT ≥ 3c (HR 
2.4), and extraprostatic extension ≥2 mm (HR 3.6). ARO 9602 reported that there 
was no grade 4 acute toxicity and very low grade 3 acute toxicity associated with 
radiotherapy (single event bladder toxicity, 1/148 0.7%) and higher but acceptable 
late grade 1–2 toxicity with radiotherapy (late grade 1–2 genitourinary toxicity: 
15.5% vs. 2.5%; late grade 1–2 gastrointestinal toxicity: 10.8% vs. 3.1%).

In summary, the SWOG trial asserted that adjuvant radiation reduced metastases 
and improved overall survival, although the other two trials, EORTC and ARO, with 
roughly 10 years of follow-up, revealed no such benefit in either end point. The 
SWOG study critics make the argument that a significant number of patients in the 
observation arm received later, salvage radiotherapy when the median PSA was 
>1 ng/mL and that this may have served to decrease the survival difference between 
the two randomized groups. Ongoing trials will answer the question whether early 
radiation for rising PSA is equivalent to adjuvant radiation: RADICALS (radio-
therapy and androgen deprivation in combination after local surgery) [23], RAVES 
(radiotherapy–adjuvant versus early salvage) [24, 25], and GETUG-17 (Groupe d’ 
Étude des Tumeurs Uro-Génitales) [26].

17.3  Nomograms and Systematic Reviews

Stephenson et al. retrospectively studied the outcomes with salvage radiotherapy in a 
multi-institutional cohort of 501 patients from five US academic centers [9]. In 
patients treated between 1987 and 2003 for detectable and rising PSA with a median 
follow-up of 45 months, the 4 year progression-free probability (PFP) was 77% if no 
adverse features were present in comparison to 45% for the entire cohort. Multivariable 
analysis defined the following predictors of progression as after radiation: Gleason 
score of ≥8 (HR, 2.6, p < 0.001), pre-radiotherapy PSA ≥2.0 ng/mL (HR, 2.3, 
p < 0.001), negative surgical margins (HR, 1.9, p < 0.001), PSA doubling time 
(PSADT) ≤10 months (HR, 1.7, p = 0.001), and seminal vesicle invasion (HR, 1.4, 
p = 0.02). Earlier salvage radiation in patients with PSA ≤2.0 ng/mL, Gleason 
score ≤ 7, and a rapid PSADT provided better PFP at 4 years, 64%, if surgical margins 
were positive as compared to negative, 22%. Earlier salvage radiation in patients with 
PSA ≤2.0 ng/mL, Gleason scores ≥8, and positive margins produced better PFP out-
come at 4 years, 81%, if PSADT was >10 months as compared to ≤10 months, 37%.
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Stephenson et al. updated their analysis in a multi-institutional cohort of 1540 
patients using multivariable Cox regression analysis to construct a model to predict 
the disease progression probability after salvage radiation [27]. The resultant nomo-
gram produced the following significant variables: PSA level before salvage 
radiation(p < 0.001), prostatectomy Gleason score (p < 0.001), PSADT (p < 0.001), 
surgical margins (p < 0.001), androgen ablation before or during salvage radio-
therapy (p < 0.001), and nodal disease (p = 0.019); the concordance index was 0.69. 
Salvage radiotherapy administered at the earliest sign of PSA recurrence seemed to 
provide a long-term PSA response in nearly half of the patients, while higher PSA 
levels at the time of salvage radiotherapy were found to be detrimental, and in fact 
PSA levels of ≥1.25 ng/mL carried a high risk of pathologic nodal metastasis [27].

King et al. also studied the timing of salvage radiotherapy in their systematic 
review of 41 studies containing 5597 patients in order to define the factors associ-
ated with relapse-free survival (RFS) [28]. Importantly, PSA level before salvage 
radiotherapy (p < 0.0001) as well as radiotherapy dose (p = 0.0052) was found to be 
significantly and independently associated with RFS with an average 2.6% loss in 
RFS for each incremental 0.1 ng/mL PSA increase prior to salvage radiotherapy. 
The authors noted that a PSA level of ≤0.2 ng/mL would ensure RFS of approxi-
mately 64%. Additionally, although less robust on sensitivity analysis, the salvage 
radiotherapy dose was important and defined by a sigmoidal dose-response curve 
which showed a 2% per Gy incremental improvement in RFS such that the RFS was 
54% with a dose of 70 Gy but 34% with a dose of 60 Gy. This publication encour-
aged initiating salvage radiotherapy at the lowest possible PSA level leading to the 
question of early salvage radiation being equivalent to adjuvant therapy [28]. 
Tendulkar et al. recently published a contemporary update of the Stephenson nomo-
gram which included 2460 node-negative patients with a median follow-up of 
5 years treated with salvage radiotherapy at ten academic institutions. This work 
also concluded that early salvage radiotherapy at low PSA levels, especially ≤0.2 ng/
mL, was significantly associated with improved freedom from biochemical failure 
and distant metastasis [11].

Fossati et al. recently published a retrospective review of a multi-institutional 
cohort of 716 node-negative patients with undetectable PSA after radical prostatec-
tomy who subsequently experienced a PSA rise and were salvaged with early radio-
therapy to the prostate and seminal vesicle bed while the PSA was still ≤0.5 ng/mL 
[29]. Biochemical relapse-free survival at 5 years was 82%, and in multivariable 
Cox regression analysis, the pre-salvage radiotherapy PSA level was very signifi-
cantly associated with biochemical relapse after salvage (HR: 4.89; p < 0.0001). 
When stratified according to the following three pathological risk factors, ≥pT3b, 
Gleason score ≥ 8, and negative surgical margins, each incremental 0.1 ng/mL of 
PSA rise increased the risk of PSA recurrence. At 5 years after treatment, patients 
with ≥2 risk factors had a PSA recurrence risk of 10% as compared to only 1.5% in 
patients with 0–1 factor. Salvage radiotherapy at the earliest PSA rise conferred bet-
ter biochemical control in patients with more adverse pathologic features although 
the benefit of very early salvage radiotherapy was less evident with favorable dis-
ease at radical prostatectomy.

U. Selek et al.



299

Another study emphasizing the importance of early salvage radiotherapy at low 
PSA levels by Mir et al. attempted to define the optimal definition of biochemical 
recurrence after radical prostatectomy in order to identify early salvage radiother-
apy candidates [30]. 2348 patients with a detectable PSA of ≥0.03 ng/mL at least 
6 weeks after radical prostatectomy were used to test 14 biochemical recurrence 
definitions: six standard and eight requiring one or more successive PSA rises 
≤0.1 ng/mL [30]. The optimal PSA failure definitions were as follows based on 
discrimination and calibration analysis: a single PSA ≥0.05 ng/mL with two or 
more rising PSAs ≥0.05 ng/mL, PSA ≥0.2 ng/mL and rising, or PSA ≥0.4 ng/mL 
and rising associated with progression-free probability at 5 years of <50%, 50–75%, 
76–90%, and >90%, respectively [30].

17.4  Genomic Classification

There is an ongoing search to identify candidates who would benefit most from adju-
vant radiation therapy [31, 32], based on the development of metastatic disease after 
adjuvant versus salvage treatment [33, 34]. A genomic classifier (GC) which would 
provide predictive insight to aid in identifying patients who would have lower rates of 
developing systemic disease when treated adjuvantly was proposed by Den et al. [31]. 
GC scores calculated from 188 pT3 or margin-positive prostate cancer patients who 
received post-radical prostatectomy radiotherapy were analyzed with the primary end 
point of clinical metastasis. Patients with low GC scores (<0.4) demonstrated no differ-
ence in metastatic rate whether they received adjuvant or salvage radiotherapy; how-
ever, cumulative incidence of metastasis at 5 years was 6% with adjuvant RT versus 
23% with salvage RT (p < 0.01) in patients with higher GC scores (≥0.4). The other 
important finding was the correlation of the PSA level with the incidence of metastasis 
in high GC score patients who were treated with salvage radiotherapy; there were no 
metastases in patients with a PSA level < 0.1 ng/mL at the time of treatment [31].

17.5  Androgen Deprivation in Adjuvant/Salvage 
Radiotherapy

Overall, single-institutional reports of post-radical prostatectomy radiotherapy have 
shown a significant improvement in biochemical and clinical relapse-free rates with 
the addition of androgen deprivation [35–39].

Ost et al. reported on 225 node-negative patients who received high-dose (>69 Gy) 
adjuvant radiotherapy to the prostate and seminal vesicle bed and were shown in 
multivariate analysis to benefit from the addition of androgen deprivation [39].

RTOG 9601 (NCT00002874) was designed as a phase III, randomized (antian-
drogen therapy, AAT, n = 387 vs. placebo, n = 383), double-blinded study, to address 
the use of daily bicalutamide 150 mg with salvage radiotherapy to the prostate bed 
(64.8 Gy, 1.8 Gy/fraction) in patients who had radical prostatectomy with pT3 pN0 
or pT2 pN0 with positive margins and subsequent PSA elevation to a level of 
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0.2–4.0 ng/mL [40]. Two years of bicalutamide daily during and after radiotherapy 
was shown to significantly improve freedom from biochemical progression and to 
reduce the incidence of metastatic disease [41]. Shipley et al. demonstrated a sig-
nificant OS advantage at 10 years, 82% when AAT was added to radiation vs. 78% 
with placebo (p = 0.036). There was also significant benefit in freedom from PSA 
failure with AAT, 46% vs. 30% (p < 0.001), and significantly lower prostate cancer 
mortality and development of metastatic disease at 12 years. The problem with 
bicalutamide was the high rate of gynecomastia, 70%.

The other randomized trial which added hormonal therapy to salvage radiother-
apy (66 Gy, 2 Gy/fraction to prostatic fossa, ± pelvic nodal radiotherapy) was 
Groupe d’Etudes des Tumeurs Uro-Génitales (GETUG)-16 trial (NCT00423475) 
which enrolled 369 patients with and 374 patients without hormonal therapy con-
sisting of 6 months of goserelin [42]. The addition of goserelin improved 
progression- free survival (79.6% vs. 62.1%, p < 0.0001) at 5 years without signifi-
cant overall survival benefit (96.2% vs. 94.8%, p = 0.18) and without difference in 
grade 3 acute and late toxicities.

RTOG 0534 (NCT00567580) was designed to address the use of androgen depri-
vation therapy with salvage postoperative radiotherapy (64.8–70.2 Gy, 1.8 Gy/frac-
tion/day to the prostate/seminal vesicle bed ± flutamide t.i.d or bicalutamide q.d. 
plus a luteinizing hormone-releasing hormone (LHRH) agonist starting 2 months 
prior to radiotherapy for a total of 4–6 months). In 2015, the trial completed the 
enrollment of 1792 patients with pT2–3N0M0 R0 or R1 after prostatectomy and a 
PSA of 0.1–2.0 ng/mL at least 6 weeks after surgery. RTOG 0534 also enrolled 
patients to a third arm of whole pelvis radiotherapy (45 Gy, 1.8 Gy/fraction/day) 
with cone-down radiotherapy to the prostate bed (total of 64.8–70.2 Gy) in combi-
nation with the antiandrogen.

The RADICALS trial (radiotherapy and androgen deprivation in combination 
after local surgery, initiated in 2007; NCT00541047; Medical Research Council 
MRC PR10) is enrolling patients with at least one of the four adverse features of 
pT3/4, Gleason score 7–10, preoperative PSA ≥10 ng/mL, or R1 resection aiming 
to investigate the role of androgen deprivation (none, 6 months short-term GnRH 
agonist, or 24 months long-term GnRH agonist; 3 weeks antiandrogen initiated a 
week prior to GnRH agonist) and the timing of radiotherapy (early or deferred; 
66 Gy, 2 Gy/fraction/day, or 52.5 Gy, 2.625 Gy/fraction/day; pelvic nodes at the 
discretion of the treating physician) [23]. The radiotherapy timing portion of 
RADICALS trial is ongoing (target enrollment, 2500), while the hormonal therapy 
accrual has been completed. A very similar study initiated by EORTC (EORTC 
22043–30,041; NCT00949962) for adjuvant versus early salvage radiotherapy with 
or without hormonal therapy had poor accrual and was closed early. A phase III 
randomized controlled trial, RAVES 08–03, initiated and led by the Trans Tasman 
Radiation Oncology Group (TROG) is enrolling post-prostatectomy patients with 
pT3 (extraprostatic extension +/− seminal vesicle involvement) and/or positive sur-
gical margins and will be analyzing biochemical failure with observation with early 
salvage radiotherapy, triggered by a PSA level > 0.20 ng/mL, versus adjuvant radio-
therapy immediately after surgery [24, 25].
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17.6  Postoperative Radiation Target and Dose

RTOG has generated an expert consensus guideline atlas for delineation of the clini-
cal target volume (CTV) for postoperative radiotherapy in the adjuvant or salvage 
setting [43, 44]. It is recommended that the CTV encompasses the caudal vas defer-
ens remnant superiorly which is estimated to extend 3 or 4 cm above the top of the 
pubic symphysis, at least 8–12 mm below the vesicourethral anastomosis inferiorly, 
the pubic symphysis anteriorly, 1–2 cm of the bladder wall above the pubic symphy-
sis, and the anterior rectal wall posteriorly. The lateral borders are bounded by the 
anatomic barriers of the bilateral levator ani and obturator internus muscles inferi-
orly and the sacrorectogenitopubic fascia superiorly [43]. The RTOG template is 
important for standardization, while patient-specific individualization also plays an 
important role in tailoring treatment to the patients’ pathologic findings and 
imaging.

Croke et al. proposed guidelines to delineate post-prostatectomy target volumes 
based upon the patient’s co-registered preoperative MRI and concluded that using 
MRI may improve coverage of the individual’s prostate bed by sparing more ante-
rior lower bladder wall and ensuring better coverage of the superior lateral bladder 
walls in comparison to basic RTOG guidelines without significant increase in the 
PTV size or dose to the bladder/rectum [45]. Wang et al. delineated the common 
areas of recurrence post-prostatectomy on individual MRI images which were then 
mapped onto a “template” MRI image which served to demonstrate the areas which 
should be carefully contoured in postoperative patients undergoing adjuvant or sal-
vage radiation [46]. The authors noted that target volumes using RTOG consensus 
could result in marginal coverage on posterolateral recurrences near the rectum and 
mesorectal fascia and also in inadequate coverage on recurrences very inferiorly 
located at the posterior urogenital diaphragm [46]. Current diagnostic evolution 
with MRI along with newer techniques with 68 Ga-prostate-specific membranous 
antigen (PSMA), NA Fl, and choline PET-CT is demonstrating higher detection 
rates of prostate cancer recurrence outside the prostatic fossa in some patients [47]. 
This will likely aid in the selection of the best candidates for postoperative 
radiation.

It has been concluded from several studies that postoperative radiotherapy is 
more effective at lower as compared to higher PSA levels and likely most effective 
at the earliest PSA rise or in the adjuvant setting. This of course is thought to relate 
the PSA level to disease burden [9, 11, 36, 48, 49]. Ohri et al. pointed out that the 
therapeutic ratio for postoperative radiotherapy seems to be improved by initiating 
treatment at low PSA levels and by applying appropriately high doses [48]. The 
dose response of salvage radiotherapy has also been noted in the previous and latest 
reports by King et al. (28) [50]. Although the randomized adjuvant radiation trials 
used doses in the 60–64 Gy range with conventional fractionation, subsequent anal-
yses and general consensus in designing current cooperative group trials now accept 
doses in the range of 64–66 Gy for adjuvant and 70 Gy for salvage radiation as 
standard levels with conventional fractionation [28, 48, 50, 51]. Improvement in 
radiation techniques has allowed the increase in dose with less or similar toxicity.
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Radiation has been shown to modestly add to surgical toxicity, gastrointestinal 
and genitourinary events, in the postoperative setting [17, 18, 21, 51]. It has been 
questioned whether earlier radiation therapy is in fact associated with higher mor-
bidity. In this regard, the recent Surveillance, Epidemiology, and End Results 
(SEER)—Medicare database study by Hegarty et al. identified 6137 patients with 
one or more adverse pathological features after prostatectomy (prostatectomy alone, 
4509; with adjuvant radiotherapy, 894; salvage radiotherapy, 734) and showed that 
earlier treatment with adjuvant radiotherapy was not associated with increased rates 
of genitourinary or erectile dysfunction in comparison to delayed salvage radio-
therapy in adjusted models [51]. However, SEER data lacked detailed information 
such as IIEF scoring of erectile function and daily pad usage related to inconti-
nence. In addition, patients who received adjuvant postoperative radiotherapy in the 
3–12 months interval after surgery were not included in this dataset. Recently, van 
Stam et al. evaluated the effect of radiotherapy timing on the quality of life in their 
cohort of 241 salvage radiotherapy and 1005 radical prostatectomy patients in a 
prospective database (2004–2015) containing health-related quality of life (HRQoL) 
assessments up to 2 years after the last treatment [52]. They noted that delaying the 
start of postoperative radiotherapy may decrease the incidence and duration of uri-
nary and sexual problems; patients with a ≥ 7 months interval between prostatec-
tomy and radiotherapy had significantly better urinary function recovery (p = 0.03) 
in addition to better sexual satisfaction (p = 0.02). Zaffuto et al. also documented 
that early postoperative radiotherapy in prostatectomy patients was associated with 
worse functional outcomes; [53] 3 year erectile function recovery rates (no radio-
therapy—35%; salvage radiotherapy—29%; adjuvant radiotherapy—11.6%, 
p < 0.001) were significantly affected by time to radiotherapy (<1 year, 11.7% vs 
≥1 year, 34.7%, p < 0.001), as well as 3 year urinary continence recovery rates (no 
radiotherapy—70.7%; salvage radiotherapy—59%; adjuvant radiotherapy,—42.2%, 
p < 0.001), differing by delay of radiotherapy (<1 year, 43.5% vs ≥1 year, 62.7%, 
p < 0.001) [53]. Therefore, the length of the interval between prostatectomy and 
radiotherapy does seem to play a role in the recovery of erectile function and urinary 
continence.

17.7  Recommendations

Based on current AUA/ASTRO consensus guidelines along with up-to-date clinical 
evidence, the benefits and risks of postoperative radiotherapy should be discussed 
for any patient without evidence of distant metastatic disease but demonstrating ≥1 
adverse pathologic features including positive surgical margins, ECE, or SVI in the 
adjuvant setting or immediately post-op with detectable PSA [3, 22]. Salvage radio-
therapy should be delivered early at lower versus higher PSA levels, typically at the 
first documented and verified rise.

Evidence-based radiotherapy delivery guidelines suggest a dose of 64–66 Gy 
conventionally fractionated to the prostate fossa ± seminal vesicle bed (at least 
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50 Gy to the seminal vesical fossa and ideally 64–66 Gy if seminal vesicles are posi-
tive) following urinary function maximization 3–6 months post-op in the adjuvant 
setting. A higher dose or 70 Gy in 35 fractions for detectable or rising PSA in the 
salvage setting is recommended. Again, 50 Gy to the seminal vesicular fossa can be 
considered if seminal vesicles are negative and70 Gy if positive; dose escalation to 
clinical gross disease at the prostate fossa can be boosted to 72–74 Gy. Androgen 
deprivation can be added in the salvage setting, especially if PSA is ≥0.5 ng/
mL. The typical duration of androgen deprivation is at least 6 months for patients 
without distant and nodal metastasis and is initiated 2–3 months prior to radiation.

 Conclusion
While ongoing trials will highlight and clarify the postoperative radiotherapy 
timing and indications as well as the patients who will possibly benefit from 
radiotherapy, each institution is encouraged to develop an algorithm agreed upon 
by urology and radiation oncology to standardize the clinical approach in post-
operative prostate cancer patients until there is an enhanced and customized con-
sensus guideline.
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Abstract
The term stereotactic implies that the target is localized relative to a fixed three- 
dimensional spatial coordinate system. Stereotactic body radiation therapy 
(SBRT) is defined as giving a high dose of radiation per fraction, in up to five 
fractions, using sophisticated image guidance to deliver a potent ablative dose to 
cancerous tissues while minimizing the risk to normal structures. The alpha-beta 
ratios for the rectum and bladder, both of which are late-responding tissues, are 
2.5–5 Gy and 3–7 Gy, respectively. This unique biologic nature of prostate can-
cer explains the therapeutic gain with hypofractionation. These radiobiologic 
assumptions were supported by prospective randomized trials that used 2.5–
3.1 Gy per fraction.

18.1  The Rationale for High Dose per Fraction

The concept of conventional radiation fractionation (1,8–2 Gy/fraction) dates back 
to observations in 1932 when Coutard reported successful treatment results with 
fractionated radiotherapy in deep-seated tumors with moderate toxicity [1]. With 
the advances in radiobiology, the advantages of fractionation were better under-
stood. The therapeutic index of radiotherapy increases as the fractionation dose 
decreases due to differences in DNA repair between tumor and normal tissues, and 
the decrease in the dose of fractions preferentially spares normal structures [2]. 
However, this generalization is not true for every tumor type. The alpha-beta ratio 
describes the fractionation sensitivity of a specific cell type. The linear quadratic 
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model described by Fowler formulates the response of cells to radiation according 
to their specific alpha-beta ratios [3]. The alpha-beta ratio is generally high 
(≥10 Gy) for early-responding tissues (skin, mucosa, and most tumors). In con-
trast, it is low (<5 Gy) for late-responding tissues (connective tissues and muscles). 
When the alpha-beta ratio of the tumor is high and the alpha-beta ratio of the late 
responding tissues around the tumor is low, fractionation provides sparing of the 
normal tissues. In cases where the alpha-beta ratio of the tumor is lower than the 
alpha-beta ratio of the surrounding normal tissues, fractionation causes decreased 
tumoricidal effect.

Haustermans et al.’s observation back in 1997 was a pioneering study that pro-
posed a low alpha-beta ratio for prostate cancer [4]. Later in 1999, Brenner and 
Hall showed that the clinical data also supported Haustermans’s findings [5]. The 
same biochemical control of prostate cancer either by external beam treatment 
with a 2 Gy per fraction to 70 Gy or by permanent iodine-125 low-dose-rate irra-
diation to 145 Gy was their starting point, and they calculated an alpha-beta ratio 
of 1.5 Gy for prostate cancer. The consensus for the alpha-beta ratio for prostate 
cancer is within the limits of 1–4 Gy [4–8]. In prostate cancer treatment, the criti-
cal structures at risk are the bladder, rectum, and small bowel. The alpha-beta 
ratios for the rectum and bladder, both of which are late-responding tissues, are 
2.5–5 Gy and 3–7 Gy, respectively. This unique biologic nature of prostate cancer 
explains the therapeutic gain with hypofractionation. These radiobiologic assump-
tions were supported by prospective randomized trials that used 2.5–3.1 Gy per 
fraction [9–11].

18.2  Technical Aspects of SBRT

The term stereotactic implies that the target is localized relative to a fixed three- 
dimensional spatial coordinate system [12]. For prostate cancer treatments, these 
coordinate systems are marked with internal fiducial markers (bony landmarks or 
implanted markers). Many contemporary linear accelerators are now integrated 
with SBRT treatment delivery systems that include image guidance technology. 
These systems allow the use of considerably smaller fields compared with con-
ventional radiation therapy. The SBRT treatment planning is a multistep process 
that starts with patient immobilization. Motion assessment and management, 
planning computed tomography (CT), target delineation, patient-specific quality 
assurance testing, and patient setup are examples of other steps in treatment plan-
ning which are beyond the scope of this chapter. However, for practical issues, we 
need to know some of the technical properties of linear accelerators or target 
localization systems currently used for SBRT. The minimum requirement for 
SBRT is target localization prior to daily treatments. This can be performed using 
X-ray imaging of implanted fiducials or onboard CT imaging. However there is 
also variation that occurs during the treatment, and this is referred as the intra-
fractional motion. If this intra- fractional motion is not followed by image 
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guidance during the treatment, we need to define at least a 5 mm margin around 
the target to deliver the prescribed dose to the prostate effectively. If the target can 
be localized during treatment, then smaller PTV expansions can be employed. Xie 
et al. showed that with proper monitoring and intervention during the treatment, a 
submillimeter accuracy can be achieved [13]. They used a stereoscopic X-ray 
system to obtain the position of the prostate target through the monitoring of 
implanted gold fiducial markers, and they found that a sampling rate of every 40 s 
during the treatment was ideal.

18.3  Dosimetric Studies of SBRT

King et al. evaluated the SBRT plan of CyberKnife (CK; Accuray Inc., Sunnyvale, 
CA), a robotic arm-driven linear accelerator, for a localized prostate cancer [14]. 
Conformal isodose curves and dose volume histograms (DVH) were used to com-
pare with an optimized intensity-modulated radiotherapy (IMRT) plan delivered to 
the patient. The SBRT plan produced better sparing of the rectum and bladder and 
superior target coverage compared with IMRT.

Fuller et al. hypothesized that CK may be used to deliver high-dose-rate (HDR) 
brachytherapy like dosimetry to the prostate noninvasively, and they created HDR 
plans using common contour sets and simulated HDR catheters for ten low- 
intermediate- risk prostate cancer patients that were treated with CK [15]. They 
found that the planning target volume coverage by the prescription dose was similar 
for CK SBRT and HDR plans, and the urethra dose comparisons were lower for CK 
SBRT in nine of ten cases. Bladder maximum point doses were higher with HDR, 
and the maximum rectal wall doses were similar. Fukuda et al. reported a similar 
study, but they performed SBRT plans on six patients who were treated with HDR 
[16]. In this dosimetric study, they found that the CK SBRT plans’ dosimetric pro-
files were better for PTV coverage of the prostate, and the maximum dose in the 
rectum was lower. However, the HDR plan provided a sharper dose falloff around 
the PTV. SBRT was significantly superior in most of the dosimetric profiles for the 
bladder and urethra.

18.4  Clinical Results of SBRT

There are accumulating data on the use of SBRT for prostate cancer; however the 
published literature consists phase I or II trials and retrospective studies. In the pre-
vious chapter, Chap. 16, selected series are summarized in Table 16.3. The vast 
majority of the patients included in these trials are low-intermediate-risk prostate 
cancers.

A phase I/II dose escalation study from 45 to 50 Gy in five fractions in low- to 
intermediate-risk prostate cancer patients showed a 10% ≥ grade 3 rectal toxicity 
rate in the 50 Gy arm, demonstrating that SBRT with 50 Gy in five fractions is 
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unsafe [17]. This study had a multi-institutional design, and patients were 
enrolled from five different institutions. Fiducial markers consisting of gold 
seeds (Calypso beacons were permitted) were placed within the prostate, and the 
prostate was expanded uniformly by 2–3 mm to create the planning target vol-
ume (PTV) based on institutional PTV guidelines. SBRT was delivered via ring 
gantry helical accelerator (Tomotherapy; TomoTherapy Inc., Madison, WI, USA) 
or on a linear accelerator with image guidance (Trilogy; Varian Medical Systems, 
Palo Alto, CA, USA and Synergy; Elekta AB, Stockholm, Sweden) with energies 
of 6–15 MV.

Madsen et al. reported their results of SBRT in 40 patients with a dose of 33.5 Gy 
in five fractions [18]. They calculated this dose to be biologically equivalent to 
78 Gy in 2 Gy fractions. They used noncoplanar conformal fields and daily stereo-
tactic localization of implanted fiducials. However they used a 4–5 mm margin from 
the prostate to the block edge. Acute GU grade 1–2 toxicity rate was 48.5% (GU), 
and this value for GI toxicity was 39%. Late grade 1–2 toxicity for GU and GI was 
45% and 37%, respectively. No late grade 3 or higher toxicity was reported. The 
actuarial 48 month biochemical freedom from relapse was 90% according to the 
nadir 2 ng/mL failure definition.

Loblaw et al. performed phase I/II SBRT study in patients with low-risk local-
ized prostate cancer [19]. They prescribed 35 Gy in five fractions, and the treatment 
was given once weekly. To account for intra-fractional motion, they defined a 4 mm 
margin for PTV. They achieved 98% biochemical control in 5 years with only 1% of 
late grade 3 GI and GU toxicity.

Katz et al. reported the results of 477 patients treated with CK SBRT [20]. Three 
hundred twenty-four patients were low risk (PSA <10 ng/mL and Gleason <7), and 
153 were intermediate risk (PSA 10–20 ng/mL or Gleason = 7). One hundred fifty- 
four patients received 35 Gy delivered in five daily fractions; the rest received 
36.25 Gy in five daily fractions. They reported an actuarial 7 year freedom from 
biochemical failure as 95.6% and 89.6% for low- and intermediate-risk groups, 
respectively. They reported that the biochemical control rate did not differ between 
doses of 35 and 36.25 Gy. They did not observe any grade 3–4 acute GI or GU toxic-
ity. Late grade 3 GU toxicity rate was 1.7%, and all occurred in the 36.25 Gy 
cohorts.

For patients with low- or intermediate-risk prostate cancer, the largest published 
study is a pooled analysis of multiple phase II trials across eight institutions [21]. 
This analysis included 1100 patients. Fifty eight percent of patients had a low-risk 
disease, 30% had intermediate risk, and 11% had high-risk disease. The radio-
therapy dose was 36.25 Gy (range 35–40 Gy) in median over five fractions (given 
daily among >95% of patients, every other day for the remainder). The vast major-
ity of the patients (89%) received a dose of 35–36.25 Gy in five fractions. The 
5 year biochemical relapse-free survival rate was 95%, 84%, and 81% for low-, 
intermediate-, and high-risk patients, respectively. For 135 patients with a mini-
mum of 5 years follow-up, the 5 year biochemical relapse-free survival rate was 
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99% for low-risk patients and was 99% for intermediate-risk group. Patient-
reported quality of life data from 864 patients in this pooled analysis showed a 
transient decline in GU and GI domains within the first 3 months after SBRT, 
which returned to baseline or better within 6 months and remained so through 
5 years of follow-up [22].

We evaluated the long-term results of two different fractionation schemes in our 
patients treated with robotic SBRT (CyberKnife™) [23]. D’Amico risk classifica-
tion system was used to group patients. In the low-risk (LR) group (n = 54), 20 
patients received androgen blockade (AB). In the intermediate-risk (IR) group 
(n = 52), 42 patients received neoadjuvant/adjuvant AB. SBRT was delivered in five 
fractions to a total dose of 36.5 Gy either sequentially (n = 58) or every other day 
(n = 48). Five year BRFS rate was 89% in patients with PSA bounce phenomenon 
compared to 94.2% in patients without bounce (p = 0.9). There was no difference in 
the incidence of late toxicities for two different SBRT schemes.

18.5  Robotic Radiosurgery with CyberKnife at Hacettepe 
University

18.5.1  Patient Selection

We recommend robotic SBRT (rSBRT) with CyberKnife® in low-intermediate-risk 
patients (PSA < 20 ng/mL, Gleason score < 8, T1-T2N0M0) (Fig. 18.1). If a patient 
has a very large prostate volume (>50 cc), it might be worthwhile to consider having 
the patient undergo hormonal therapy for volume reduction rSBRT.

We do not recommend rSBRT in patients with collagen vascular disease and 
inflammatory bowel disease. We can treat patients with metal in the pelvis, which 
consists of artificial hips, since the delivery of multiple small beamlets can find 
appropriate alternative pathways.

Fig. 18.1 Robotic stereotactic body radiotherapy unit (Courtesy of Hacettepe University)
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18.5.2  Fiducial Placement

Once the patient is a candidate for rSBRT, the patient is scheduled for his fiducial 
placement and simulation. We used specific four golden fiducials manufactured to 
be used with CyberKnife® (Fig. 18.2). Prophylactic antibiotic and urinary antisep-
tics are given prior to procedure.

At our institution, the fiducials are inserted transrectally under ultrasound guid-
ance by the urologist under local anesthesia (Fig. 18.3). We also try to place the 
fiducials in certain regions of the prostate gland due to the fact that all fiducials 
should be in certain geometry accordingly with the imaging X-ray tubes (Fig. 18.4). 
Once the fiducials have been placed, there should be 7–10 days before the simula-
tion is done.

18.5.3  Simulation

For the simulation, we place the patient in a supine position and place a 14 Gauge 
Foley catheter into the bladder to visualize prostatic urethra (Fig. 18.5). We then 
inflate its balloon with 6 cc of water. Once the Foley is placed, a non-contrast plan-
ning CT with less than 1 mm slice thickness is performed to the entire pelvis.

Fig. 18.2 Golden 
fiducials for CyberKnife

Fig. 18.3 Transrectal 
fiducial placement for 
rSBRT
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Fig. 18.4 Locations for the fiducial placement within the prostate gland

Fig. 18.5 14 G Foley catheter visualized within the prostatic urethra. Sample plan is showing hot 
points within the urethra that is not acceptable

18 Stereotactic Body Radiotherapy for Prostate Cancer



314

18.5.4  Contouring

At our institution, the CTV for definitive prostate cancer patients is as per the fol-
lowing: prostate only for low risk; prostate proximal seminal vesicles (SV) for inter-
mediate risk. Proximal is defined as the proximal 1 cm of the SV.

18.5.5  Dosing

The standard dose is 36.5 Gy in 7.3 Gy daily fractions either in consecutive 
(Monday–Friday) or every-other-day regimen (2 weeks regimen) (Fig. 18.6).

18.5.6  Plan Evaluation

Our rSBRT treatment plan acceptance criteria are summarized as following:

PTV
• PTV prescribed dose: 7.3 Gy in five fractions with a total dose of 36.5 Gy.
• Inhomogeneities. 110–130% high-dose region within CTV if possible within GTV.

Fig. 18.6 Treatment plan of a patient receiving rSBRT with every-other-day protocol
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• Maximum dose < 45.5 Gy.
• Ninety-five percent volume of PTV should receive 36.25 Gy.
• Minimum PTV dose 34.4 Gy.

Rectum
• V33.5 Gy < 1 cc.
• Minor variation: V33.5 Gy ≥ 1 cc but <3 cc.
• Major variation: V33.5 Gy ≥ 3 cc.
• Max dose (0.03 cc) ≤ 38.06 Gy.
• Less than 3 cc volume may receive 34.4 Gy.
• V32.6 Gy ≤ 90% rectum.
• V29 Gy ≤ 80% rectum.
• V18.125 Gy ≤ 50% rectum.

Bladder
• V35 Gy < 5 cc
• Minor variation: V35Gy ≥ 5 cc but <10 cc
• Major variation: V35 Gy ≥ 10 cc
• Max point dose (0.03 cc) ≤ 38.06 Gy
• V32.625 Gy ≤ 90% bladder
• V18.125 Gy ≤ 50% bladder

Urethra
• V45.5 Gy < 10%
• Minor variation: V45.5 Gy ≥ 10% but <20%
• Major variation: V45.5 Gy ≥ 20%
• Max Doz < 38.78 Gy

Penile Bulb
• V27.5 Gy ≤ 50%.
• Minor variation: V27.5 Gy ≥ 50% ama <70%.
• Major variation: V27.5 Gy ≥ 70%.
• Max dose does not exceed the prescribed dose.
• V20 Gy < 3 cc.

Femur
• V20 Gy < 10 cc

18.5.7  Image Guidance

Daily image-guided radiation therapy (IGRT) is achieved using real-time daily kV 
imaging with fiducials (Fig. 18.7).
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 Conclusion
Based on these currently available data, the American Society for Radiation 
Oncology has included SBRT as “an appropriate alternative for select patients with 
low to intermediate-risk disease.” Meanwhile, multiple randomized trials are ongo-
ing directly comparing SBRT with conventionally fractionated RT for prostate 
cancer (NCT01839994, NCT01794403, ISRCTN45905321, and CRUKE/12/025).
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19Proton Therapy for the Treatment 
of Prostate Cancer

Seungtaek Choi

Abstract
Treatment using proton beam has advantages over X-rays due to its physical char-
acteristics, which allow for dose escalation of the tumor with less scatter radiation 
dose to the surrounding tissues. There have been multiple published reports show-
ing excellent clinical outcomes after treatment with proton therapy for prostate 
cancer. However, there continues to be significant controversy regarding the clini-
cal advantage of proton therapy over using X-rays with intensity- modulated radi-
ation therapy (IMRT) as there have been no randomized trials comparing the two 
treatments reported. This chapter will summarize the physics of the proton ther-
apy and the recent technical advances in the delivery of the proton beam, review 
the clinical results, and describe the treatment protocol used at our institution for 
the use of proton therapy in the treatment of prostate cancer patients.

19.1  Introduction

The use of proton therapy for the treatment of cancer was first proposed by Robert 
Wilson in 1946 [1]. The physical characteristics of proton therapy make it espe-
cially attractive for cancer treatment. Proton therapy gives most of its dose at a fixed 
depth into tissue called the Bragg peak with almost no dose given beyond that depth. 
Therefore, there is an improved ability to deliver high doses of radiation therapy 
with decreased scattered dose to the nearby critical structures. Because of this per-
ceived advantages of the proton beam over X-ray therapy, radiation therapy centers 
offering proton therapy for treatment of cancer have opened throughout the world. 
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Currently there are 61 centers which are in operation in the world, with 24 of them 
located in the United States [2].

Several studies have shown the importance of dose escalation in the treatment of 
prostate cancer. These studies have shown that a higher radiation dose to the pros-
tate leads to improved biochemical relapse-free survival and freedom from clinical 
failure rate [3–5]. However, the higher dose often comes at the cost of higher risk of 
side effects. Therefore, it is crucial to minimize the dose to the normal tissues with 
dose escalation to minimize the risk of side effects. As mentioned earlier, the physi-
cal characteristics of the proton beam therapy allow for such dose escalation of the 
tumor with less scatter and exit dose to the surrounding normal tissues.

This chapter will summarize the physics of proton therapy and the recent techni-
cal advances in the delivery of the proton beam, review the clinical results, and 
describe the treatment protocol used at our institution in the treatment of prostate 
cancer patients.

19.2  Physics of Proton Beam Radiation Therapy

The proton is a positively charged particle. A beam made of protons deposits most 
of its energy at a fixed depth known as the Bragg peak with very little dose depos-
ited beyond that depth (Fig. 19.1). In contrast, an X-ray beam deposits its maximum 
dose just inside the patient’s body and then continues to travel through the body 
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Fig. 19.1 Dose deposition characteristics of protons vs. X-rays
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depositing dose until it exits the body. The depth of the Bragg peak is based on the 
energy of the proton beam. Normally, the Bragg peak is too narrow to treat the entire 
tumor. Therefore, the width of the Bragg peak is spread out to cover the entire target 
volume with margin (spread out Bragg peak, also known as SOBP).

Because of the absence of an exit dose, proton therapy can be used to treat cancer 
patients with less scatter radiation dose compared to X-rays. For prostate cancer 
patients treated with protons, the most common beam arrangement used for treat-
ment is two beams coming in from the right lateral and left lateral directions. In 
contrast, X-rays with intensity-modulated radiation therapy (IMRT) use multiple 
angles or arcs to be able to concentrate the radiation dose around the prostate. This 
means that there is low-dose scatter to the rest of the pelvis, including to the bladder 
and rectum.

19.3  Modes of Proton Delivery

Currently there are two types of proton therapy delivery: passively scattered proton 
therapy and pencil beam proton therapy. Passively scattered proton therapy consists 
of a monoenergetic beam of protons, which is scattered by a snout to a square- 
shaped beam. As mentioned before, the Bragg peak is usually spread out to cover 
the entire tumor with margin in the direction of the beam using a range modulator 
wheel. This beam is shaped by a custom aperture (usually made of brass) and a 
custom tissue compensator (usually made of acrylic or wax), unique to the patient’s 
anatomy. The aperture determines the shape of the radiation field (akin to multileaf 
collimators for X-rays), and the compensator shapes the distal edge of the proton 
beam dose to the shape of the target volume (Fig. 19.2).

Pencil beam proton therapy (also known as actively scanned proton therapy or 
spot-scanning proton therapy) uses a small proton beam (“pencil beam”) to deliver 
dose by sequentially layering multiple pristine Bragg peaks (or “spots”). An electro-
magnetic field is used in the pencil beam to scan the protons in both directions per-
pendicular to the beam direction (i.e., X and Y axes) without the need for a scattering 
device [6–8]. Dose delivery in the distal and proximal directions (i.e., Z axis) is 
achieved by changing the energy of the pencil beam and delivering multiple layers of 

Fig. 19.2 Hardware used for passively scattered protons (from left, range moderator wheel, aper-
ture, tissue compensator)

19 Proton Therapy for the Treatment of Prostate Cancer



322

dose, instead of using a range-modulator wheel. Because this layering of dose allows 
for better conformity of the proximal edge of the target volume compared to pas-
sively scattered proton therapy, there is improved normal tissue sparing.

Pencil beam proton therapy has several advantages over passively scattered pro-
ton beam therapy. Pencil beam allows for improved conformality of the proton dose 
with improved tumor coverage and normal tissue sparing, especially around curved 
structures. The pencil beam does not require the use of brass apertures and acrylic 
compensators, which saves time and effort normally needed to make such hardware. 
It also makes it easier and faster for radiation therapists to treat the patient, as they 
no longer need to mount the hardware on the treatment machine. Because each 
beam angle with the passively scattered proton therapy needs its own set of aperture 
and compensator, the number of beam angles that can be used per patient is limited. 
With the pencil beam, there is less of a limit on how many angles can be used for the 
treatment. Furthermore, the hardware in the pathway of the passively scattered pro-
ton therapy (which includes the range-modulator wheel, aperture, and tissue com-
pensator) leads to increased neutron production. Therefore, the pencil beam proton 
therapy also has the advantage of decreased neutron dose, which should decrease 
the risk of affecting implanted medical devices and the risk of secondary cancers. 
Finally, the pencil beam is required for intensity-modulated proton therapy (IMPT) 
using multifield optimization. IMPT allows for further improvements in dose con-
formality and simultaneous integrated boosts (SIB) of the gross tumor. However, 
the pencil beam plans require more rigorous quality assurance to make sure that the 
dose delivery matches the treatment plan.

The main difference between a pencil beam plan and a passively scattered plan 
for treatment of a prostate cancer patient is that the radiation dose lateral and poste-
rior to the prostate is much more conformal with the pencil beam. Most of the pro-
ton therapy centers now have pencil beam available for treatment. In fact, the newest 
proton therapy centers are being built with only pencil beam capability (and will no 
longer have passively scattered proton beam). Figure 19.3 shows the difference 
between plans using passively scattered and pencil beam proton therapy.

19.4  Clinical Outcomes

Several studies have shown the benefit of dose escalation in the treatment of prostate 
cancer. Kuban et al. randomized 301 patients with stage T1b–T3 prostate cancer to 
either 70 or 78 Gy using X-ray therapy. At a median follow-up of 8.7 years, the 
patients who received 78 Gy had an improved freedom from biochemical or clinical 
failure of 78% compared to 59% in patients who received 70 Gy (p = 0.004) [4]. 
There was also improvement in the clinical failure-free survival in the 78 Gy arm 
(93% vs. 85%, p = 0.014), but there was no overall survival benefit. Unfortunately, 
the 78 Gy arm was also associated with higher toxicity, with the rate of RTOG grade 
2 or higher gastrointestinal (GI) toxicity being 26% vs. 13% (p = 0.013). There was 
no significant difference in the RTOG grade 2 or higher genitourinary (GU) toxicity 
(13% vs. 8%).

S. Choi



323

Fig. 19.3 Difference between treatment plans using passively scattered (a) and pencil beam (b) 
proton therapy

a

b
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The Dutch Multicenter Trial randomized 669 patients with localized prostate 
cancer to either 68 or 78 Gy using X-ray therapy. After a median follow-up of 
70 months, the 7 year freedom from failure was improved in the 78 Gy arm com-
pared to 68 Gy (54% vs. 47%, p = 0.04) [9]. Once again, there was an increased late 
grade 2 or higher GI toxicity seen in the 78 Gy arm compared to the 68 Gy arm 
(35% vs. 25%, p = 0.04). There was no significant difference in the late grade 2 or 
higher GU toxicity (40% vs. 41%, p = 0.6).

The Proton Radiation Oncology Group (PROG) 95–09 study randomized a total 
of 393 patients with stage T1b–T2b with PSA <15 ng/mL at either Loma Linda 
University Medical Center (LLUMC) or Massachusetts General Hospital (MGH). 
All patients received 3D conformal X-ray therapy to the prostate and seminal vesi-
cles to a dose of 50.4 Gy, followed by either a proton boost of 28.8 cobalt Gy 
equivalent (CGE) or 19.8 CGE. Therefore, the patients were randomized to either 
79.2 CGE or 70.2 CGE. At LLUMC, < patients were treated in the supine position 
using opposed lateral 250 MeV proton beams. At the MGH, patients were treated in 
the lithotomy position using a single transperineal 160 MeV proton beam. At a 
median follow-up of 8.9 years, patients who received the 79.2 CGE were signifi-
cantly less likely to have local failure with a hazard ratio of 0.57. The 10 year bio-
chemical failure rate using the ASTRO definition was 16.7% for the 79.2 CGE arm 
and 32.4% for the 70.2 CGE arm (p = <0.0001). The patient reported outcomes 
using the prostate cancer symptom indices (PCSI) were published in a separate 
publication. At a median of 9.4 years, there was no difference in urinary obstruction/
irritation (p = 0.36), urinary incontinence (p = 0.99), bowel problems (p = 0.70), or 
sexual dysfunction (p = 0.65) [10]. Unfortunately, the PROG 95–09 was not a ran-
domized study comparing protons to X-rays; all of the patients received a combina-
tion of photons and X-rays. However, it is interesting to note that there is no 
increased GI toxicity seen with dose escalation in this study where proton therapy 
was used.

Several single-institution reports on the outcomes of prostate cancer patients 
after proton therapy have been published. Slater et al. published the LLUMC expe-
rience of 1255 patients treated between October 1991 and December 1997. Patients 
with 15% or greater risk of having pelvic lymph node metastasis by the Partin 
tables were treated with a conformal “boost” using protons to a dose of 30 CGE in 
15 fractions which was given to the prostate and seminal vesicles, followed by a 
conformal treatment using X-rays to a dose of 45 Gy to the prostate, seminal vesi-
cles, and the first- and second-echelon lymphatics. Patients who did not have this 
risk were treated with proton therapy only to a total dose of 74 CGE in 2 CGE 
fractions. These patients were treated with a rectal balloon placed daily, usually 
with one field per day. With a median follow-up of 62 months, the overall bio-
chemical disease- free survival was 73% [11]. In patients with initial PSAs ≤ 4.0, it 
was 90% and in patients with posttreatment PSA ≤0.5, 87%. The actuarial 5 year 
and 10 year rates for freedom from grades 3 and 4 GI toxicity were both 99%. The 
actuarial 5 year and 10 year rates for freedom from grades 3 and 4 GU toxicity 
were also both 99%.
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Bryant et al. published the outcomes of 1327 patients treated between 2006 and 
2010. With a median follow-up of 5.5 years, the 5 year freedom from biochemical 
progression was 99%, 94%, and 74% in low-risk, intermediate-risk, and high-risk 
patients, respectively [12]. The actuarial 5-year rates of late grade ≥ 3 Common 
Terminology Criteria for Adverse Events, version 4.0 (CTCAE 4.0), GI and GU 
toxicities were 0.6% and 2.9%, respectively. There was no significant change in 
median and mean expanded prostate cancer index (EPIC) summary scores for the 
bowel, urinary irritative/obstructive, and urinary incontinence domains. Only the 
sexual function summary scores in patients who did not get hormone ablation ther-
apy significantly declined from baseline to 5 years.

Pugh et al. reported the patient-reported outcomes of 291 patients after proton 
therapy from the MD Anderson Cancer Center (MDACC) who had a minimum 
follow-up of 2 years. All patients were treated with opposed lateral beams to a total 
dose of 76 CGE in 2 CGE fractions. Interestingly, 226 patients were treated with 
passively scattered proton therapy, and 65 patients were treated with pencil beam 
proton therapy. Cumulative grade ≥ 2 GU and GI toxicities at 24 months were 
13.4% and 9.6%, respectively [13]. There was 1 grade 3 GI toxicity, but no grade ≥ 3 
GU toxicity. There was slight higher incidence of argon plasma coagulation appli-
cation in the passively scattered proton therapy compared to pencil beam proton 
therapy, but it was not statistically significant (4.4% vs. 1.5%, p = 0.21).

There have been several retrospective comparisons between protons and IMRT. A 
Surveillance, Epidemiology, and End Results (SEER)-Medicare analysis by Sheets 
et al. showed a lower rate of GI morbidity (RR 0.66) with IMRT compared to protons 
in a propensity score-matched comparison. However, this analysis was severely lim-
ited as any GI procedure after the treatment was coded as a morbidity. Hoppe et al. 
performed a comparison of patients undergoing either proton therapy or IMRT using 
prospectively collected quality of life (QoL) data using the EPIC. There were 1243 
proton patients treated with 76–82 CGE and 204 IMRT patients treated with 75.6–
79.4 Gy. There was no difference seen between the two groups for the bowel, urinary 
incontinence, urinary irritative/obstructive, and sexual domains [14]. However, more 
patients in the IMRT group reported moderate/big problems with rectal urgency 
(p = 0.02) and frequent bowel movements (p = 0.05) compared to patients in the 
proton therapy group. Fang et al. compared 181 proton therapy patients and 213 
IMRT patients treated between 2010 and 2012 using maximum acute and late GI/GU 
CTCAE-graded toxicities. On multivariate analysis, there were no statistically sig-
nificant differences in the acute/late grade ≥ 2 GU and GI toxicities between the two 
groups [15]. Yu et al. performed an analysis using the Medicare database of 27,647 
men. In this analysis, patients who received proton therapy had significant less GU 
toxicity at 6 months compared to IMRT (5.9% vs. 9.5%, p = 0.03); however, the dif-
ference disappeared by 12 months (18.8% vs. 17.5%, p = 0.66) [16]. There was no 
difference in GI or other toxicities at 6 or 12 months.

Proton therapy may also reduce the risk of secondary cancer when compared to 
IMRT. Several analyses have predicted that IMRT would increase the risk of sec-
ondary cancer over conventional 3D conformal  radiation therapy due to the 
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increased scattered dose, while proton therapy would decrease the risk [16–19]. A 
retrospective matched cohort analysis of 558 proton patients and 558 X-ray patients 
matched using the SEER registry published by Chung et al. showed that there is a 
significant reduction of secondary cancer risk (RR 0.52, p = 0.009) in patients 
treated with proton therapy compared to X-ray therapy. However, due to the limita-
tion of this retrospective study, the authors stated that these results should only be 
considered as hypothesis generating.

These results show that proton therapy is an effective and safe method for the 
treatment of prostate cancer. However, as there has been no randomized trial com-
paring proton therapy to IMRT, it is difficult to know if protons are superior to 
IMRT in terms of efficacy and/or risk of side effects. There is one randomized trial 
currently ongoing called the Proton Therapy vs. IMRT for Low or Intermediate Risk 
Prostate Cancer (PARTIQoL). However, we will need to wait several years until the 
results of that trial are available.

19.5  Proton Treatment at MD Anderson Cancer Center

19.5.1  Patient Selection

Although the results of the PARTIQoL trial are not yet available, there are probably 
several specific instances where proton therapy may be especially beneficial. For 
instance, we recommend proton therapy in younger patients (although the definition 
of “younger” can vary significantly among clinicians) and patients with larger pros-
tates, especially with a large median lobe. Trying to cover a large median lobe using 
IMRT usually leads to giving radiation dose to a much larger area of the bladder. 
However, if a patient has a very large median lobe, it might be worthwhile to con-
sider having the patient undergo a transurethral resection of the prostate (TURP) or 
greenlight laser enucleation of the median lobe before the radiation therapy. If a 
patient were to undergo such a procedure, we recommend waiting 2–3 months 
before the start of the radiation therapy to allow for adequate healing to minimize 
the risk of urinary incontinence after the radiation therapy.

Just like with IMRT, we do not recommend proton therapy in patients with certain 
collagen vascular disease (such as Lupus and scleroderma) and inflammatory bowel 
disease (i.e., Crohn’s disease and ulcerative colitis). We also do not treat patients with 
metal in the pelvis in the pathway of the proton therapy, which most often consists of 
artificial hips. There are two reasons why we avoid treating patients with metal in the 
pelvis. The first reason is that the proton therapy can be significantly blocked by the 
metal in the pathway, which could decrease the dose delivered to the prostate. The 
second reason is that the artifact from the metal makes the treatment planning less 
accurate due to increased uncertainty in tissue density calculation from the planning 
CT. We also tend to discourage patients who are pacemaker dependent from under-
going proton therapy due to the neutron dose from the proton therapy. When we do 
treat patients with pacemakers (or any other implanted electronics), we treat these 
patients with the pencil beam to try to decrease the neutron dose as low as possible.
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19.5.2  Fiducial Placement

Once the patient is deemed to be a candidate for proton therapy, the patient is sched-
uled for his fiducial placement and simulation.

At our institution, the fiducials are inserted transrectally under ultrasound guid-
ance by the radiation oncologist. However at other institutions, either urology or 
interventional radiology may be the ones placing these fiducials. Unlike with IMRT, 
fiducial placement may be more important as there can be shadowing of the proton 
dose from the fiducials. Tables 19.1 and 19.2 show the actual amount of dose attenu-
ation from various types of fiducials. Of the three types of fiducials listed, gold 

Table 19.1 Gold fiducial dose attenuation [20]

Marker Orientation Zc(cm) ΔDmax(%) Zs(cm)
Small gold Perpendicular 19.5 −15 >0.93
Small gold Perpendicular 23.5 −17 0.58
Small gold Perpendicular 26.5 −24 Fluctuates
Small gold Perpendicular 27.5 −46 0.46
Small gold Parallel 19.5 −37 0.35
Small gold Parallel 23.5 −41 0.35
Small gold Parallel 26.5 −67 0.00
Small gold Parallel 27.5 −86 0.00
Large gold Perpendicular 19.5 −21 >0.93
Large gold Perpendicular 23.5 −25 0.93
Large gold Perpendicular 26.5 −42 1.04
Large gold Perpendicular 27.5 −69 0.46
Large gold Parallel 19.5 −43 0.69
Large gold Parallel 23.5 −48 0.46
Large gold Parallel 26.5 −83 0.00
Large gold Parallel 27.5 −91 0.00

Table 19.2 Carbon and PEEK fiducial dose attenuation [20]

Marker Orientation Zc(cm) ΔDmax(%) Zs(cm)
C/ZrO2 Perpendicular 19.5 – –
C/ZrO2 Perpendicular 23.5 −8 0.35
C/ZrO2 Perpendicular 26.5 −7 Fluctuates
C/ZrO2 Perpendicular 27.5 −18 0.58
C/ZrO2 Parallel 19.5 −10 0.58
C/ZrO2 Parallel 23.5 −15 0.35
C/ZrO2 Parallel 26.5 −21 0.12
C/ZrO2 Parallel 27.5 −38 0.23
PEEK/stainless steel Perpendicular 19.5 – –
PEEK/stainless steel Perpendicular 23.5 – –
PEEK/stainless steel Perpendicular 26.5 −2 Fluctuates
PEEK/stainless steel Parallel 19.5 −7 0.58
PEEK/stainless steel Parallel 23.5 −8 0.58
PEEK/stainless steel Parallel 26.5 −12 0.35
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fiducials have the highest proton attenuation. Therefore we use the carbon/ZrO2 
fiducial at our institution (Fig. 19.4). We also usually place two fiducials in the pros-
tate (as opposed to 3 for IMRT) to minimize the risk of the shadowing of the dose 
to areas of the tumor. We also try to place the fiducials in areas where there is no or 
minimal cancer.

Once the fiducials have been placed, there should ideally be 7 days before the 
simulation is done. However, as many of our patients are out of town, we often per-
form the simulation on the same day as the fiducial placement. There is no fiducial 
placement for postoperative patients undergoing radiation therapy.

19.5.3  Simulation

For the simulation, we place the patient in a supine position and place the endorectal 
balloon in the rectum. We then inflate the balloon with 60–80 cc of warm water 
based on the size of the balloon that is used (either “short” or “long”). Once the bal-
loon is placed, we immobilize the patient’s legs in a foot–knee indexed cradle. After 
ensuring that the patient is straight and not rotated, a non-contrast planning CT is 
performed to the pelvis. There has been some concern of the effect of patient rota-
tion on the daily treatment using protons. Sejpal et al. and Meyer et al. showed that 
patient rotational setup errors up to 5° on either side do not significantly change the 
dose to the target volume or critical structures using passively scattered proton ther-
apy and pencil beam proton therapy, respectively [21, 22].

The rectal balloon is used to immobilize the prostate in the pelvis. Having a 
consistent tissue path that the protons have to travel to reach the prostate is impor-
tant as change in this path length can affect the dose deposition of the proton 
beam. The rectal balloon can also push the posterior aspect of the rectum, as well 
as the sigmoid colon and small bowel away from the prostate, which likely 
decreases the risk of toxicity to these structures. However, at the same time, the 
anterior wall of the rectum is often placed next to the prostate more consistently 
by the rectal balloon, which may negate some of the benefit of pushing the rest of 
the rectum away.

For postoperative patients, rectal balloon use is determined on an individual 
basis as there is no prostate to immobilize. In some patients, the balloon can help 
push the sigmoid and bowel away, while in others, it can lead to more rectum getting 
radiation dose due to the balloon pushing the prostate fossa more posteriorly and 
laterally around the rectum.

Fig. 19.4 Carbon-coated 
zirconium dioxide fiducials

S. Choi



329

19.5.4  Contouring

At our institution, the CTV for definitive prostate cancer patients is based on the 
National Cancer Center Network (NCCN) risk classification for prostate cancer as per 
the following: prostate only for low risk, prostate proximal seminal vesicles (SV) for 
intermediate risk, and prostate and entire SV for high risk. Proximal is defined as the 
proximal 1.5 cm of the SV. Pelvic lymph nodes are generally not treated even for high-
risk prostate cancer at our institution. However, when the pelvic lymph nodes are 
treated, proton therapy offers significant bowel sparing compared to IMRT (Fig. 19.5).

19.5.5  Dosing

The standard dose is 78 CGE in two CGE daily fractions. We do consider using a 
slower fractionation scheme (i.e., 77.4 or 79.2 CGE in 1.8 CGE daily fractions) in 
patients with previous treatments to the prostate (i.e., cryotherapy, HIFU) to mini-
mize the risk of urethral toxicity.

We also have a protocol evaluating a hypofractionation regimen of 55.5 CGE in 
3.7 CGE fractions given three times per week (for a total of 15 fractions given over 
5 weeks).

Fig. 19.5 Proton therapy offers significant bowel sparing com pared to IMRT when the pel vic 
lymph nodes are treated
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19.5.6  Image Guidance

Daily image-guided radiation therapy (IGRT) is achieved using daily kV imaging 
with fiducials (Fig. 19.6). For the postoperative patients, we use daily kV imaging 
of the pelvic bony anatomy.

 Conclusions
Proton therapy is an effective and safe treatment modality for the treatment of 
prostate cancer. Pencil beam proton therapy and the advent of IMPT have allowed 
further improvements in the planning and dose delivery.

In the future, we aim to incorporate more MRI imaging into the planning with 
an MRI simulator which, when combined with IMPT, will allow us to target 
dominant lesions. We will also likely move more toward hypofractionated proton 
therapy and even start treating patients with stereotactic body proton therapy 
(SBPT) to the prostate.
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20The Role of Hormonal Treatment 
in Prostate Cancer

Pervin Hurmuz, Fadıl Akyol, Melis Gultekin, Gozde Yazici, 
Sezin Yuce Sari, and Gokhan Ozyigit

Abstract
Androgens are endocrine secretions produced mainly by the testes under stim-
ulation of the pituitary gland. They are also synthesized from the adrenal 
glands in both sexes and from ovaries in females. Luteinizing hormone (LH) 
produced by the anterior pituitary gland regulates the secretion of androgens 
from the Leydig cells in the testes. LH secretion is controlled by the hypo-
thalamus via gonadotropin- releasing hormone (GnRH). Androgens play a 
major role in the development and maintenance of male sex characteristics. 
The primary and most well-known androgen is testosterone that is rapidly and 
irreversibly converted to dihydrotestosterone (DHT) in prostate by types 1 and 
2 5α-reductase. Androgens stimulate the growth of both normal and cancerous 
prostate cells by binding to and activating the androgen receptor (AR), a pro-
tein that is expressed in prostate cells. Then, AR stimulates the expression of 
specific genes that cause prostate cells to grow. The role of androgens in pros-
tate cancer was first established in 1941 by Huggins and Hodges. Since then 
androgen deprivation therapy (ADT) has become the standard of care for 
patients with advanced prostate cancer. In this chapter ADT and its use in 
prostate cancer will be discussed.
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20.1  Androgen Deprivation Therapy

ADT aims to reduce the serum testosterone to castrate level. The castrate level was 
defined as testosterone being less than 50 ng/dL (1.7 nmol/L), many years ago. 
However contemporary laboratory testing methods showed that the mean value 
after surgical castration is 15 ng/dL [1]. Thus, recently the level is defined as being 
less than 20 ng/dL (1 nmol/L). Recent definition is associated with better outcomes 
compared to the previous one [2–4]. However, current guidelines from the National 
Comprehensive Cancer Network (NCCN) recommend testosterone level of <50 ng/
dL (1.7 nmol/L) as the castration level [5].

ADT can be used as adjuvant or neoadjuvant therapy in conjunction with initial 
treatment of patients with intermediate- or high-risk prostate cancer, patients with 
rising PSA after curative treatment, or patients with metastatic disease at diagnosis. 
It can either be used before radiotherapy in patients with large prostate to decrease 
the tumor volume.

ADT can be accomplished either by surgical or medical orchiectomy. The deci-
sion between two treatment options is based upon factors like the preference of the 
patient, cost, and availability. Combined androgen blockade (CAB) refers to the 
combination of any ADT with an antiandrogen.

20.2  Surgical Castration

Bilateral orchiectomy is a simple and a cheap procedure which results in rapid 
decrease in serum testosterone to castration levels and improvement in disease- 
related symptoms. Although less frequently used in North America and Europe, it is 
a widely used method in many countries where availability and cost of medical 
castration are an issue. This type of castration is permanent and irreversible; thus the 
psychological impact of the treatment should be discussed with the patient. 
Subcapsular orchiectomy is another method in which the tunica albuginea and epi-
didymis remain intact.

20.3  Medical Castration

There are several methods of medical castration. Measuring serum PSA levels is a 
way to monitor patient’s response to treatment.

20.3.1  Estrogens

Estrogens inhibit the release of GnRH from the hypothalamus resulting in reduction 
in testicular production of testosterone via suppressed LHRH secretion from the 
pituitary. Historically, diethylstilbestrol (DES) was used as an alternative to surgical 
orchiectomy. However it was shown that DES significantly increased the risk of 
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dying from heart disease and stroke without any survival benefit [6–7]. Due to 
severe side effects related to DES, estrogens are not considered as a first-line 
treatment.

20.3.2  Gonadotropin-Releasing Hormone Agonists

Gonadotropin-releasing hormone (GnRH) agonists bind to GnRH receptors on pitu-
itary gland resulting in initial release of luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH). This causes a subsequent increase in testosterone 
production from testes. However, this is a transient rise that is followed by a down-
regulation of the GnRH receptors on gonadotropin-producing cells in a week. 
Decline in serum LH and FSH decreases testosterone levels within 3–4 weeks. 
Transient rise in LH 2–3 days after first injection leads to a surge in serum testoster-
one that lasts about a week and results in increase in the tumor growth. This is called 
“flare-up” phenomenon and is associated with increase in bone pain, acute bladder 
outlet obstruction, or other disease-related symptoms. Thus, initial treatment with 
GnRH is contraindicated in patients with severe urinary tract obstruction, painful 
bone metastases, or spinal cord compression. This can be prevented by antiandro-
gen treatment at least 1 week before GnRH application.

Approved GnRH analogs are leuprolide, goserelin, triptorelin, and histrelin. 
GnRH agonists are delivered as depot injections on a one-, two-, three-,or six- 
monthly periods. A castration level is usually obtained within 2–4 weeks and is 
reversible upon cessation of GnRH analog [8]. Klotz et al. showed that low nadir 
serum testosterone (<0.7 mmol/L) within the first year of ADT correlates with 
improved cause-specific survival (CSS) and duration of response to treatment in 
men being treated for biochemical failure undergoing continuous ADT [9].

20.3.3  Gonadotropin Hormone-Releasing Hormone Antagonists

GnRH antagonists immediately and reversibly bind to GnRH receptors of the ante-
rior pituitary leading to a rapid decrease in LH, FSH, and testosterone levels without 
any flare. Currently approved GnRH antagonists are degarelix, abarelix, ganirelix, 
and cetrorelix. They are administered in parental way. They are used in the treat-
ment where fast control of disease is needed. They do not have a long-acting depot 
formulation. Early GnRH antagonists leaded to histamine release and resulted in 
anaphylactic reactions [10–12].

Degarelix is the most extensively studied and widely available new GnRH antag-
onist with a monthly subcutaneous formulation. The standard dosage is 240 mg in 
the first month, followed by monthly injections of 80 mg. Most patients achieve a 
castrate level at the third day. An extended follow-up has been published, suggest-
ing a better PFS compared to monthly leuprorelin [13]. Compared with GnRH ago-
nists, degarelix is associated with faster decline in serum testosterone and PSA 
levels [8]. Its definitive superiority over the LHRH analogues remains to be proven.
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20.3.4  Antiandrogens

Antiandrogens (AAs) are oral compounds that competitively inhibit the binding of 
androgens to the androgen receptor. They can be either steroidal (e.g., cyproterone 
acetate (CPA), megestrol acetate, and medroxyprogesterone acetate) or nonsteroidal 
(e.g., bicalutamide, flutamide, and nilutamide). Nonsteroidal AAs competitively 
inhibit the binding of androgens to the androgen receptor. Thus serum testosterone 
levels are not suppressed and may even be elevated by nonsteroidal AAs. However 
steroidal AAs have additional progestational and antigonadotropic properties. Its 
application via a feedback suppression of pituitary LHRH release thus leads to a 
reduction of serum testosterone levels.

20.3.4.1  Steroidal AAs
They are synthetic derivatives of hydroxyprogesterone. Their main side effects are 
suppression of libido and erectile dysfunction. Cardiovascular toxicity and hepato-
toxicity may also be seen. Cyproterone acetate (CPA), megestrol acetate, and 
medroxyprogesterone acetate are examples of steroidal AAs. CPA has no overall 
survival (OS) advantage compared to LHRH analogues [14]. Another study com-
paring CPA with flutamide in M1b disease did not show any difference in disease 
specific- and OS at a median follow-up of 8.6 years [15].

20.3.4.2  Nonsteroidal AAs
Bicalutamide is the most widely used form of nonsteroidal AAs. The licensed 
dosages are 50 mg or 150 mg. Bicalutamide monotherapy seems to be a toler-
able regimen for patients with biochemical failure following 3D-CRT and TAD 
and may be effective in patients with low PSA levels at biochemical failure 
[16]. Its main side effects are gynecomastia and breast pain that occur in 
70–80% of patients [17–19]. However it was shown that bicalutamide mono-
therapy increases bone mineral density, lessens fat accumulation, and has fewer 
bothersome side effects than treatment with a gonadotropin-releasing hormone 
agonist [20].

Nilutamide and flutamide are the other forms of nonsteroidal AAs. All of them 
have potential liver hepatotoxicity; thus liver enzymes should be regularly moni-
tored during treatment. Nilutamide is not licensed for monotherapy. Its side effects 
are visual disturbances, alcohol intolerance, nausea, and specifically severe intersti-
tial pneumonitis. Flutamide has been studied as monotherapy. The half-life of the 
active metabolite of flutamide is 5–6 h; thus it should be used three times daily. Its 
frequent side effect is diarrhea.

Castration resistance may occur during the course of the disease. Castration- 
resistant prostate cancer (CRPC) is considered to be mediated through two mecha-
nisms: either androgen-receptor (AR)- dependent or AR-independent ways. 
Abiraterone acetate is a CYP17 inhibitor. It significantly decreases the intracellular 
testosterone level by suppressing its synthesis at the adrenal level and inside the 
tumor cells. It must be used together with prednisone/prednisolone (2 × 5 mg) to 
prevent drug-induced hyperaldosteronism.
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Enzalutamide is another AA with a higher affinity for the androgen receptor. 
Nonsteroidal AAs allow transfer of ARs to the nucleus, but enzalutamide addition-
ally blocks AR transfer leading to suppression of any possible agonist-like activity.

20.4  Combined Androgen Blockade with Antiandrogens

CAB is defined as the combination of an AA with orchiectomy or medical castra-
tion. It blocks the effect of both testicular and adrenal androgens. AAs are not indi-
cated as monotherapy for treatment naïve patients. However it is used in conjunction 
with medical castration to block the side effects associated with the flare phenom-
enon at the initiation of ADT. Given 7–10 days before the initiation of GnRH ana-
logue, GnRH receptors are downregulated at the hypophysis. This results in decline 
of LH and FSH secretion leading to decrease in testosterone to castrate level within 
3–4 weeks after the start of treatment.

The decrease in testosterone production is generally reversible. However depend-
ing on the duration of ADT and patient-related other factors, it may not return to 
baseline levels after treatment cessation. Murthy et al. showed that after LHRHa 
treatment and radiotherapy, the testosterone levels of most men had recovered to 
normal by 18–24 weeks after the last injection [21]. D’Amico et al. showed that 
time to testosterone recovery was associated with a lower risk of death in men with 
no or minimal comorbidity [22].

Studies of short-term and long-term neoadjuvant ADT all have used CAB. To 
date, there are no trials comparing the use of initial CAB with AA monotherapy in 
nonmetastatic prostate cancer patients. Safety and Efficacy Study of Enzalutamide 
Plus Leuprolide in Patients with Nonmetastatic Prostate Cancer (EMBARK) trial is 
an ongoing trial that randomizes patients to enzalutamide plus leuprolide, enzalu-
tamide monotherapy, or leuprolide monotherapy after radical prostatectomy (RP) or 
radiotherapy [23].

There are two studies comparing CAB with AA monotherapy in metastatic prostatic 
cancer. Intergroup trial INT 0036 is a randomized, double-blind trial that compared leu-
prolide in combination with either placebo or flutamide in 603 patients with dissemi-
nated, previously untreated prostate cancer. Patients who received leuprolide and 
flutamide had a longer progression-free survival (16.5 vs. 13.9 months; p = 0.039) and 
an increase in the median length of survival (35.6 vs. 28.3 months; p = 0.035) with 
symptom control [24]. Intergroup trial INT 0105 enrolled 1387 patients with metastatic 
prostate cancer to orchiectomy and either flutamide or placebo. The addition of flu-
tamide to orchiectomy does not result in a clinically significant improvement in survival. 
Patients who received flutamide had more toxicity compared to placebo group [25].

20.5  Intermittent Androgen Deprivation

ADT has several side effects including loss of libido, hot flashes, night sweats, psy-
chological stress, osteoporosis, anemia, fatigue, loss of muscle mass, glucose intol-
erance, and changes in lipid profile. Prolonged ADT may also lead to progression of 
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androgen independence. The aim of intermittent androgen deprivation (IAD) is to 
minimize the adverse effects of continuous ADT and to delay progression of castra-
tion resistance. IAD is delivered for a period of time or until a maximal response is 
achieved based on PSA levels. Then ADT is withdrawn and patient is followed with 
PSA. ADT is initiated in case of recurrence or disease progression based on PSA 
levels.

20.5.1  Metastatic Disease

The intergroup trial INT 0162 was designed to assess whether intermittent therapy 
was noninferior to continuous therapy with respect to survival in patients with 
metastatic, hormone-sensitive prostate cancer. Patients with PSA level of ≥5 ng/
mL received aN LHRH analogue and an AA agent for 7 months. Patients in whom 
the PSA level fell to ≤4 ng/mL were randomly assigned to continuous or IAD 
[26]. ADT was reinitiated in the IAD group when the PSA level rose to 20 ng per 
milliliter (or returned to baseline in the case of patients who had PSA levels of 
<20 ng/mL before enrollment). A total of 3040 patients were enrolled, of whom 
1535 were included in the analysis. The median follow-up period was 9.8 years. 
Median survival was 5.8 years in the continuous-therapy group and 5.1 years in 
the IAD group (hazard ratio for death with intermittent therapy, 1.10; 90% confi-
dence interval, 0.99–1.23). Intermittent therapy was associated with better erec-
tile function and mental health (p < 0.001 and p = 0.003, respectively) at month 3 
but not thereafter. There were no significant differences between the groups in the 
number of treatment- related high-grade adverse events. Based on these results, 
continuous ADT remains the standard of care in patients with metastatic prostate 
cancer.

20.5.2  Rising PSA

Crook et al. evaluated the noninferiority of IAD compared to continuous ADT in 
terms of overall survival. Patients with PSA level greater than 3 ng/mL more than 
1 year after primary or salvage radiotherapy for localized prostate cancer were 
included. All of the 1386 enrolled patients did not have detectable metastases. 
Intermittent treatment was provided in 8 month cycles, with nontreatment peri-
ods determined according to the PSA level. Median follow-up was 6.9 years. 
Median OS was 8.8 years in the IAD group versus 9.1 years in the continuous-
therapy group (hazard ratio for death, 1.02; 95% confidence interval, 0.86–1.21). 
There were no significant differences in adverse events. IAD provided potential 
benefits with respect to physical function, fatigue, and hormonal, urinary, and 
erectile function. This study showed that IAD was noninferior to continuous 
therapy with respect to OS and some quality-of-life factors improved with inter-
mittent therapy [27].
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20.6  Timing of Hormonal Therapy

ADT was shown to improve OS and PFS in patients with locally advanced disease 
[28–30]. Table 20.1 represents the results of ADT combined with RT.

ADT was shown to be the most cost-effective therapy if started at the time that 
the patient developed symptomatic metastases [35] Thus ADT should be started 
immediately in case of symptomatic metastases in order to palliate symptoms and 
prevent complications; however, controversy still exists regarding asymptomatic 
metastatic patients because of the lack of high-quality studies.

20.7  Hormonal Treatment Combined with Chemotherapy

Three large RCTs compared ADT alone as the standard of care with ADT combined 
with immediate docetaxel (75 mg/m2 every 3 weeks; within 3 months of ADT initia-
tion) in terms of OS [36–38].

In the GETUG-15 trial [36], all patients had newly diagnosed M1 prostate can-
cer, either primary or after a primary treatment. After a median follow-up of 
83.9 months, updated results of GETUG-15 trial were published [37]. Median OS 
was 62.1 months and 48.6 months for ADT plus docetaxel and ADT arms, respec-
tively (hazard ratio [HR]: 0.88 [95% CI, 0.68–1.14]; p = 0.3). Median OS in ADT 
plus docetaxel and ADT arms, respectively, was for high-volume disease (HVD) 
patients 39.8 months versus 35.1 months (HR: 0.78 [95% CI, 0.56–1.09]; p = 0.14) 
for low-volume disease (LVD) patients; median was not reached and 83.4 months 
(HR: 1.02 [95% CI, 0.67–1.55]; p = 0.9). For up-front metastatic patients, OS was 
52.6 months and 41.5 months, respectively (HR: 0.93 [95% CI, 0.69–1.25]; p = 0.6). 
The bPFS (HR: 0.73 [95% CI, 0.56–0.94]; p = 0.014) and rPFS (HR: 0.75 [95% CI, 

Table 20.1 Randomized studies of radiotherapy and androgen blockade in patients with prostate 
cancer

Study
No of 
patients Randomization Results

RTOG 
85-31 [31]

977 RT vs.
RT + LHRHa (continuous)

Combined arm is better in all end 
points

RTOG 
86-10 [32]

456 RT vs.
RT + 4 month CAB

No significant difference in OS
GS 2–6 patients have better OS

RTOG 
92-02 [33]

1554 RT + 4 month LHRHa vs.
RT + 2 year LHRHa

Long-term arm is better in all end 
points except OS
GS 8–10 patients have better OS with 
long-term LHRHa

EORTC 
22863 [34]

415 RT vs.
RT + 3 year LHRHa

Combined arm is better in all end 
points

RT radiotherapy, LHRH luteinizing hormone-releasing hormone, CAB complete androgen block-
ade, GS Gleason score, OS overall survival
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0.58–0.97]; p = 0.030) were significantly longer in the ADT plus D arm. Docetaxel 
should not be used as part of first-line treatment for patients with non-castrate meta-
static prostate cancer.

In the CHAARTED trial [38], the same inclusion criteria applied. High-volume 
disease was defined as either presence of visceral metastases or four or more bone 
metastases, with at least one outside the spine and pelvis. After a median follow-up of 
28.9 months, the median overall survival was 13.6 months longer with ADT plus 
docetaxel than with ADT alone (57.6 months vs. 44.0 months; p < 0.001). The median 
time to progression was 20.2 months in the combination group, as compared with 
11.7 months in the ADT-alone group (p < 0.001). The rate of a prostate-specific antigen 
level of less than 0.2 ng/mL at 12 months was 27.7% in the combination group versus 
16.8% in the ADT-alone group (p < 0.001). In the combination group, the rate of grade 
3 or 4 febrile neutropenia was 6.2%, the rate of grade 3 or 4 infection with neutropenia 
was 2.3%, and the rate of grade 3 sensory neuropathy and of grade 3 motor neuropathy 
was 0.5%. It was concluded that ADT plus docetaxel for metastatic prostate cancer 
resulted in significantly longer overall survival than that with ADT alone.

STAMPEDE [39] was a multiarm, multistage trial including high-risk, locally 
advanced, metastatic, or recurrent prostate cancer who is starting first-line long- term 
hormone therapy. The standard of care (SOC) arm was ADT (n = 1184). The experi-
mental arms were ADT combined with docetaxel (n = 593) and ADT combined with 
zoledronic acid (n = 593), and another was ADT combined with docetaxel and zole-
dronic acid (n = 593). Median follow-up was 43 months. Median overall survival was 
71 months for SOC only, not reached for SOC  +  ZA (p = 0.450), 81 months for 
SOC  +  docetaxel (p = 0.006), and 76 months for SOC  +  ZA  +  docetaxel (p = 0.022). 
Grade 3–5 adverse events were reported for 399 (32%) patients receiving SOC, 197 
(32%) receiving SOC  +  ZA, 288 (52%) receiving SOC  +   docetaxel, and 269 (52%) 
receiving SOC  +  ZA  +   docetaxel. Zoledronic acid showed no evidence of survival 
improvement, but docetaxel chemotherapy, given at the time of long-term hormone 
therapy initiation, showed evidence of improved survival accompanied by an increase 
in adverse events. Thus it was concluded that docetaxel treatment should become part 
of standard of care for adequately fit men commencing long-term hormone therapy. 
Table 20.2 summarizes the results of those four important trials.

Table 20.2 Hormonal treatment combined with chemotherapy in patients with metastatic 
disease

Study
No of 
patients

Median FU, 
months

Median OS, months 
(ADT + D vs. ADT) p value

Gravis et al. [36] 385 50 58.9 vs. 54.2 0.955
Gravis et al. [37] 385 82.9 60.9 vs. 46.5 0.44
Sweeney et al. [38] 790 28.9 57.6 vs. 44 <0.001
STAMPEDE trial [39] SOC 1184

D 593
D + ZA 593

43 81 vs. 71
76 vs. NR
60 vs. 45

0.006
0.022
0.005

ADT androgen deprivation therapy, D docetaxel, FU follow-up, NR not reported, ZA zoledronic 
acid, OS overall survival
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20.8  Side Effects of Hormonal Treatment

ADT has been shown to improve survival when used with radiation for patients with 
intermediate- and high-risk disease and locally advanced and node-positive disease. 
However it may cause side effects on bone, metabolic, cardiovascular, sexual, and 
cognitive health as well as body composition that negatively affect quality of life of 
patients.

20.8.1  Osteoporosis and Bone Fractures

ADT decreases bone mineral density (BMD). It was shown that ADT significantly 
increases risk for any clinical fracture, hip fractures, and vertebral fractures in men 
with prostate cancer, and the duration of treatment affects the onset of complica-
tions [40, 41]. Calcium (1000–1200 mg daily from diet and supplements) and vita-
min D (800–1000 IU daily) are recommended to reduce the ADT side effects [42]) 
Osteoclast inhibition with either bisphosphonates or denosumab is recommended 
for men with bone metastases. Osteoclast inhibition can decrease bone turnover and 
increase bone mineral density in men receiving ADT [43].

20.8.2  Cardiovascular Events

The first report identifying a possible CV risk with LHRH agonists was by Keating 
et al., who analyzed the Surveillance, Epidemiology, and End Results (SEER) 
Medicare data of 73,196 men with locoregional prostate cancer [44]. A significantly 
increased risk of coronary heart disease, myocardial infarction, and sudden cardiac 
death was reported for men receiving an LHRH agonist compared with those not 
undergoing ADT. Prospective clinical trials have demonstrated that ADT may 
increase cardiovascular disease risk by increasing body weight, reducing insulin 
sensitivity, and/or resulting in dyslipidemia. In a prospective 12-month study of 40 
men with prostate cancer, ADT increased serum total cholesterol, low-density lipo-
protein cholesterol, high-density lipoprotein cholesterol, and triglycerides by 9%, 
7%, 11%, and 27%, respectively [45].

It is advisable that patients in whom ADT is initiated be on periodic follow-up 
that includes assessment of blood pressure, lipid profile, and glucose level. Some of 
the effects of ADT occur within the first 3 months of treatment; thus it may be rea-
sonable for an initial follow-up evaluation to occur within 3–6 months after initia-
tion of therapy. There are no data to guide at what intervals periodic further follow- up 
should occur, and this is left to the discretion of the physician initiating ADT and to 
the patient’s primary care physician. Prudence and good medical care dictate that 
patients with cardiac disease receive appropriate secondary preventive measures as 
recommended by the American Heart Association and other expert organizations, 
including, when appropriate, lipid-lowering therapy, antihypertensive therapy, glu-
cose-lowering therapy, and antiplatelet therapy [46].
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20.8.3  Sexual Dysfunction

Since the incidence of prostate cancer is higher among older patients, at least one- 
third of men have sexual problems at diagnosis. However, most of the patients 
receiving continuous ADT who are potent prior to therapy develop sexual dysfunc-
tion. Loss of libido in patients receiving LHRH agonists usually develops within the 
first months followed by erectile dysfunction [47]. Erections do not recover in about 
one-half of men, even if ADT is discontinued. Although intermittent ADT allows 
some recovery of sexual function, serum testosterone requires 9–12 months off 
ADT to recover [48].

20.8.4  Vasomotor Symptoms

The most common symptom associated with ADT is hot flashes. Hot flashes are 
usually described as an intense sensation of warmth in the face and upper part of the 
body which seems similar to postmenopausal symptoms in women. The treatment 
should be decided depending on the degree of symptoms and potential side effects 
of the treatment. Megestrol and estrogen appear substantially more effective than 
venlafaxine. However, estrogen is associated with breast symptoms, megestrol is 
associated with increased appetite and weight, and venlafaxine is associated with 
dry mouth. It is recommended to start with a selective serotonin reuptake inhibitor 
and reserve hormonal treatment (estrogen, megestrol) for refractory cases.

20.8.5  Body Composition and Metabolism

A prospective study of 32 men receiving 12 months of GnRH agonists found a 2.4% 
weight gain, 9.4% increase in body fat percentage, and 2.7% decrease in lean body 
mass at 12 months [49]. Another prospective study of 25 patients without diabetes 
found that 12 weeks of combined androgen blockade resulted in a 12.8% decrease 
in insulin sensitivity and a 25.9% increase in fasting plasma insulin [50]. Basaria 
et al. conducted a cross-sectional study among 53 men, including 18 men with PCa 
who received ADT for at least 12 months prior to the onset of the study (the ADT 
group), 17 age-matched men with nonmetastatic PCa who had undergone prostatec-
tomy and/or received radiotherapy and who were not receiving ADT (the non-ADT 
group), and 18 age-matched controls (the control group). It was shown that men on 
long-term ADT had significantly higher fasting glucose (131 vs. 103; p < 0.01) and 
greater insulin resistance (17 vs. 6; p < 0.01) and that 44% of the men on ADT had 
fasting glucose in the diabetic range (>126 mg/dL) compared with 11–12% for the 
controls [51].

Per the Adult Treatment Panel III (ATP III) guidelines, the diagnosis of meta-
bolic syndrome requires the presence of three of the following five criteria: (1) 
serum triglycerides ≥150 mg/dL, (2) high-density lipoprotein (HDL) < 40 mg/dL, 
(3) fasting serum glucose >110 mg/dL, (4) waist circumference ≥ 40 inches, and (5) 
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blood pressure ≥ 130/85 [52]. As noted earlier, patients receiving ADT are at risk 
for higher fasting serum glucose and increased waist size due to central weight gain. 
Triglycerides have also been reported to rise by 26.5% (±10%; p = 0.01) with 1 year 
of ADT [49]. There are currently no specific recommendations regarding the man-
agement of insulin resistance and lipid increases for men on ADT.

20.8.6  Gynecomastia

Gynecomastia and breast pain may be seen in patients on ADT. The incidence of 
gynecomastia was reported to be as high as 85% in patients receiving high-dose 
150 mg daily bicalutamide antiandrogen monotherapy [53]. However, the incidence 
is lower (13–22%) in men receiving combined androgen blockade [54]. Di Lorenzo 
et al. investigated the role of tamoxifen and radiotherapy for the prevention and 
treatment of gynecomastia and breast pain during adjuvant bicalutamide monother-
apy after RP in patients with prostate cancer [55]. It was shown that gynecomastia 
and breast pain induced by bicalutamide monotherapy after RP can be prevented 
and treated. Tamoxifen has been shown to be more effective and safe than RT 
(12 Gy) in this setting, and QOL and sexual function are not negatively influenced 
by these two treatment options. Ozen et al. investigated the efficacy of prophylactic 
radiotherapy for gynecomastia/breast pain induced by 150 mg bicalutamide in a 
prospective, randomized, multi-institutional trial [56]. After definitive treatment for 
localized prostate cancer, 125 patients were randomized to 12 Gy radiotherapy 
before bicalutamide as prophylactic radiotherapy or bicalutamide only for nonpro-
phylactic radiotherapy. With a follow-up of 12 months, the gynecomastia rate was 
15.8% in the prophylactic group and 50.8% in the nonprophylactic group (p < 0.001). 
Although prophylactic breast irradiation seemed to decrease the gynecomastia rate 
in patients on 150 mg bicalutamide, not all patients need prophylaxis since only 
52% were significantly bothered by gynecomastia. Thus, it was recommended to 
select patients who need prophylactic radiation based on individual assessment.

20.8.7  Other

Fatigue is another side effect of ADT. The main strategy to reduce fatigue is exer-
cise. Anemia and reduction in penile and testis size may be seen. Hypogonadism 
has been linked to cognitive declines in patients on ADT [57].

20.9  Follow-Up During Hormonal Treatment

EAU-ESTRO recommends follow-up of 3–6 month intervals. As a minimum, tests 
should include serum PSA measurement, physical examination, serum testosterone, 
and careful evaluation of symptoms to assess the treatment response and side effects. 
Patients should be warned about the signs of metastatic situations like occult cord 
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compression, urinary tract complications/obstruction signs, and bone pain. Routine 
imaging is not indicated asymptomatic in patients. However, new-onset bone pain 
requires a bone scan, as does PSA progression suggesting CRPC status, if a treat-
ment modification is considered [43].

The measurement of serum testosterone levels should be a part of follow-up of 
patients on LHRH therapy. Although timing of measurements is not clearly defined, 
a 3–6 month assessment of the testosterone level might be performed to evaluate the 
effectiveness of treatment and to ensure that the castration level is being maintained. 
If it is not achieved, switching to another type of treatment modality can be 
attempted. In patients with rising PSA and/or clinical progression, serum testoster-
one must be evaluated in all cases to confirm a castrate-resistant state.

Long-term ADT reduces bone mineral density (BMD) and increases the risk of 
fractures [58]. In the absence of associated risk factors, it is recommended that 
BMD and serum vitamin D and calcium levels should be measured every 2 years 
[59]. Patients should be screened for the development of alterations in lipid profiles 
and decreased insulin sensitivity [60]. ADT may increase the risk of diabetes and 
cardiovascular disease [61]. Patients should be given advice on modifying their life-
style (e.g., diet, exercise, smoking cessation) and should be treated for any existing 
conditions, such as diabetes, hyperlipidemia, and/or hypertension. Furthermore, the 
risk–benefit ratio of ADT must be considered for patients with a higher risk of car-
diovascular complications, especially if it is possible to delay starting ADT.

20.10  Castration-Resistant Prostate Cancer

CRPC is defined as castrate serum testosterone <50 ng/dl plus either biochemical or 
radiological progression. Biochemical progression is defined as three consecutive 
rises in PSA 1 week apart, resulting in two 50% increases over the nadir, and PSA 
>2 ng/mL. Radiological progression is defined as the appearance of new lesions, 
either two or more new bone lesions on bone scan or a soft tissue lesion using the 
Response Evaluation Criteria in Solid Tumors.

20.10.1  First-Line Treatment in Metastatic Castration- Resistant 
Prostate Cancer

Abiraterone was evaluated in 1088 chemonaïve metastatic CRPC patients in the 
phase 3 trial. Patients were randomized to abiraterone acetate or placebo, both com-
bined with prednisone [62]. After a median follow-up of 22.2 months, there was 
significant improvement of radiographic PFS (median: 16.5 vs. 8.2 months; HR: 
0.52; p < 0.001). At the final analysis, with a median follow-up of 49.2 months, the 
OS end point was significantly improved (34.7 vs. 30.3 months; HR: 0.81; 95% CI, 
0.70–0.93; p = 0.0033) [63].

PREVAIL is a randomized phase 3 trial that included a similar patient population 
and compared enzalutamide with placebo. It was conducted in 1717 chemonaïve 
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mCRPC patients and showed significant improvement in both radiographic PFS 
(HR: 0.186; 95% CI, 0.15–0.23; p < 0.0001) and OS (HR: 0.706; 95% CI, 0.6–0.84; 
p < 0.001). The most common clinically relevant AEs were fatigue and hyperten-
sion. The results showed that enzalutamide significantly decreased the risk of radio-
graphic progression and death and delayed the initiation of chemotherapy in men 
with metastatic prostate cancer [64].

In a phase 2 randomized controlled trial of a Poxviral-based PSA-targeted immu-
notherapy in metastatic CRPC, 125 patients were randomly assigned in a multi-
center trial of vaccination series. After a median follow-up of 34 months, median 
survival was 25.8 months in the sipuleucel-T group compared with 21.7 months in 
the placebo group (p = 0.03). PFS was similar in both groups and treatment toler-
ance was very good [65].

Tannock et al. compared docetaxel plus prednisone with mitoxantrone plus pred-
nisone in 1006 men with metastatic hormone-refractory prostate cancer. The median 
survival was 16.5 months in the mitoxantrone group, 18.9 months in the group given 
docetaxel every 3 weeks, and 17.4 months in the group given weekly docetaxel. 
Among these three groups, 32%, 45%, and 48% of men, respectively, had at least a 
50% decrease in the serum PSA level (p < 0.001 for both comparisons with mito-
xantrone); 22%, 35% (p = 0.01), and 31% (p = 0.08) had predefined reductions in 
pain; and 13%, 22% (p = 0.009), and 23% (p = 0.005) had improvements in the 
quality of life. Adverse events were also more common in the groups that received 
docetaxel [66].

ALSYMPCA is a phase 3 trial that enrolled 921 patients with symptomatic 
mCRPC who failed or were unfit for docetaxel. Patients were randomized to six 
injections of 50 kBq/kg Ra 223, every 4 weeks. or placebo, plus standard of care. Ra 
223, an alpha emitter, significantly improved median OS by 3.6 months (HR: 0.70; 
p < 0.001) [67]. Ra-223 treatment was associated with prolonged time to first skel-
etal event and improvement in pain scores and QoL. Radium-223 was associated 
with low myelosuppression rates and fewer adverse events. The updated analysis of 
ALSYMPCA trial showed that Ra-223 was effective and safe regardless of previous 
docetaxel use [68].

20.10.2  Second-Line Treatment Options and Beyond 
in Metastatic Castration-Resistant Prostate Cancer

Cabazitaxel is a form of taxane that has an activity in docetaxel-resistant cancers. 
TROPIC trial is a large prospective randomized phase 3 trial comparing cabazitaxel 
plus prednisone versus mitoxantrone plus prednisone in 755 patients with mCRPC 
who had progressed after or during docetaxel-based chemotherapy [69]. Patients 
received a maximum of ten cycles of cabazitaxel (25 mg/m2) or mitoxantrone 
(12 mg/m2) plus prednisone (10 mg/dL), respectively. OS was significantly longer 
with cabazitaxel (median: 15.1 vs. 12.7 months; p < 0.0001). Treatment-associated 
World Health Organization grade 3–4 AEs developed significantly more often in the 
cabazitaxel arm, particularly hematological toxicity (68.2% vs. 47.3%; p < 0.0002) 
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but also nonhematological toxicity (57.4% vs. 39.8%; p < 0.0002). This drug should 
be administered preferably with prophylactic granulocyte colony-stimulating factor 
and by physicians with expertise in handling neutropenia and sepsis [70].

AFFIRM is a trial including 1199 mCRPC patients with randomization in a 2:1 
fashion to enzalutamide or placebo [71]. The patients had progressed after docetaxel 
treatment, according to the PCWG2 criteria. After a median follow-up of 
14.4 months, median survival in the enzalutamide group was 18.4 months compared 
with 13.6 months in the placebo arm (HR: 0.63; p < 0.001). The benefit was observed 
regardless of age, baseline pain intensity, and type of progression. All secondary 
objectives including soft tissue response, QoL response rate, and time to PSA pro-
gression or objective progression were in favor of enzalutamide. Rates of fatigue, 
diarrhea, and hot flashes were higher in the enzalutamide group. Seizures were 
reported in five patients (0.6%) receiving enzalutamide compared to none in the 
placebo group.

 Conclusion
ADT has become the standard of care for patients with advanced prostate cancer. 
ADT aims to reduce the serum testosterone to castrate level. The contemporary 
laboratory testing methods showed that the mean value after surgical castration 
is 15 ng/dL. Thus, recently the level is defined as being less than 20 ng/dL 
(1 nmol/L). Recent definition is associated with better outcomes compared to the 
previous one. ADT can be used as adjuvant or neoadjuvant therapy in conjunc-
tion with initial treatment of patients with intermediate or high-risk prostate can-
cer, patients with rising PSA after curative treatment, or patients with metastatic 
disease at diagnosis. It can either be used before radiotherapy in patients with 
large prostate to decrease the tumor volume.
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Abstract
Less than a decade ago, metastatic castration-resistant prostate cancer (mCRPC) 
was deemed to be a “chemoresistant” disease, with a poor prognosis. The land-
mark TAX327 trial, published in 2004, showed that a course of chemotherapy 
based on the taxane docetaxel could extend survival for men with mCRPC. Then, 
in 2010 it was reported that men with mCRPC who progressed during or after 
docetaxel could gain a further survival benefit from a second line of chemother-
apy, based on another taxane, cabazitaxel.

21.1  Introduction

Less than a decade ago, mCRPC was deemed to be a “chemoresistant” disease, 
with a poor prognosis. Up until the establishment of mitoxantrone, in combination 
with prednisone or prednisolone, as a palliative treatment, chemotherapy for pros-
tate cancer remained anecdotal with weekly anthracyclines and estramustine play-
ing the lead roles. The trial reported by Tannock et al. [1], where mitoxantrone with 
corticosteroids was tested against corticosteroids only, was the first phase III trial 
reported in castration-resistant prostate cancer (CRPC), and the major effect of the 
agent mitoxantrone was only palliation of symptoms without improvement in sur-
vival. There was a 29% pain response rate for mitoxantrone versus 12% for pred-
nisone alone. This trial clearly showed that chemotherapy with mitoxantrone 
decreased pain scores and analgesic use in CRPC, and the quality of life (QOL) 
analysis incorporated into the trial showed better QOL in the chemotherapy arm. 
Mitoxantrone was well tolerated in this group of elderly and quite sick patient 

mailto:sbavbek@yahoo.com


352

population. A CCO systematic review reported on three small trials of mitoxan-
trone plus prednisone or hydrocortisone, which showed modest clinical benefit 
(including improved pain response, QOL, and/or time to disease progression) but 
no improvement in OS, and increased risk of harm, compared with treatment with 
prednisone or hydrocortisone alone [2]. Mitoxantrone is still listed in the ASCO 
and Ontario Cancer Care guidelines as a palliative agent with QOL benefit [3]. The 
landmark TAX327 trial, published in 2004, showed that a course of chemotherapy 
based on the taxane docetaxel could extend survival for men with mCRPC (vs. 
mitoxantrone- based chemotherapy) [4]. With this trial, prostate cancer entered the 
chemotherapy age. For several years, docetaxel remained the only chemotherapy 
to offer a survival benefit in this setting. Then, in 2010 it was reported that men 
with mCRPC who progressed during or after docetaxel could gain a further sur-
vival benefit from a second line of chemotherapy, based on another taxane, cabazi-
taxel [5]. Once again, the palliative chemotherapy agent mitoxantrone was the 
comparator. This was followed by reports of different combination chemotherapies 
for high-grade prostate cancer and the special subtype of neuroendocrine prostate 
cancer. Finally, chemotherapy was carried up to the hormone-sensitive metastatic 
phase, changing practice and increasing survival by an even greater fraction than in 
the CRPC phase.

21.2  First-Line Chemotherapy

In the pivotal trial TAX327, 1006 men with mCRPC were randomized to predni-
sone 10 mg/day plus weekly or three-weekly docetaxel or three-weekly mitoxan-
trone [4]. Efficacy and survival were better in the three-weekly docetaxel arm, 
compared to mitoxantrone. The survival in the weekly docetaxel arm was not statis-
tically improved. Toxicity was different among the treatment arms. The most com-
mon grade 3/4 adverse event was neutropenia (three-weekly docetaxel, 32%; weekly 
docetaxel, 2%; mitoxantrone, 22%), but febrile neutropenia was rare (three-weekly 
docetaxel, 3%; weekly docetaxel, 0%; mitoxantrone, 2%) [4]. More docetaxel 
recipients than mitoxantrone recipients experienced at least one serious adverse 
event (three-weekly docetaxel, 26%; weekly docetaxel, 29%; mitoxantrone, 20%). 
Based on their findings, the investigators suggested that three-weekly docetaxel 
plus prednisone improved survival, prostate-specific antigen (PSA) response, pain 
response, and quality of life versus mitoxantrone plus prednisone.

The SWOG 9916 was a confirmatory trial, although it had a slightly different 
setup. In the SWOG 9916 trial, 770 men with mCRPC received docetaxel/estramus-
tine and showed improvement in OS compared with a regimen of mitoxantrone/
prednisone (median OS 17.5 months vs. 15.6 months, respectively; hazard ratio 
[HR]: 0.80, 95% confidence interval [CI] 0.67–0.97; P = 0.02) [6]. In the phase III 
TAX327 study, docetaxel/prednisone every 3 weeks prolonged OS by 2.9 months in 
1006 men with mCRPC compared with a schedule of mitoxantrone/prednisone 
(median OS 19.2 months vs. 16.3 months, respectively; HR: 0.79; P 1⁄4 0.004) [4]. 
As a regimen of docetaxel/estramustine was associated with greater toxicity and 
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less efficacy compared with docetaxel/prednisone every 3 weeks, the latter was 
adopted as the preferred standard of care (SOC) in symptomatic patients with meta-
static CRCP.

At an updated analysis of the TAX 327, median overall survival was 19.2 months 
with three-weekly docetaxel, 17.8 months with weekly docetaxel, and 16.3 months 
with mitoxantrone [7]. The percentages of patients who survived for more than 
3 years in the D3P, D1P, and MP arms were 18.6, 16.8, and 13.5%, respectively. 
Survival among subgroups was expressed in a forest plot within the article; patients 
above and below age 68, with or without pain/symptoms, with or without visceral 
disease, with PSA above or below 115, and with perfect or less than perfect perfor-
mance status, benefited consistently from chemotherapy with docetaxel, although 
patients with visceral disease, pain, poorer performance status, and high baseline 
PSA values had shorter survival.

One key question was the patient age, particularly given the elderly demographic 
range of the disease and the toxicity associated with any cytotoxic treatment course. 
However, TAX327 showed that the survival benefits of docetaxel applied to older as 
well as younger men [8]. The International Society of Geriatric Oncology (SIOG) 
states that chronological age per se should not be a guide to treatment choice for 
mCRPC [9]. Instead, SIOG recommends individual patient assessment based on the 
use of established, validated tools. Men with mCRPC who are judged to be healthy 
(i.e., with controlled comorbidities, independence in daily living, and good nutri-
tional status) should be considered candidates for standard chemotherapy, regard-
less of their age. Those categorized as vulnerable (i.e., with reversible impairment) 
may be considered for standard chemotherapy once their comorbidities are taken 
care of. For the vulnerable patient with no chance of improvement, reports of small 
trials with weekly or biweekly docetaxel show clinical benefit, although there is no 
significant survival benefit.

As a result of both randomized trials, docetaxel became the mainstay of che-
motherapy in CRPC, the optimal treatment duration was described as 6–12 cycles, 
and the next question raised was when to start chemotherapy after castration resis-
tance, since it was the only line of survival prolonging effective treatment. The 
TAX 327 trial included patients with and without symptoms. In general, the 
chances of prolonging survival with three-weekly docetaxel seemed similar 
among patients with higher and lower disease burden as indicated by level of 
serum PSA, the presence or absence of substantial pain, and the QOL or perfor-
mance score. The trial did not specifically address whether docetaxel should be 
used in patients with minimal symptoms or whether it is appropriate to defer treat-
ment until more symptoms occur. However, considering the similar benefit among 
subgroups and the potential for QOL to deteriorate as a result of disease progres-
sion, it seemed reasonable to offer treatment to patients with symptoms and to 
those who are likely to develop symptoms in the near future, based on the burden 
of disease and the PSA doubling time. Prostate cancer guidelines from the 
National Comprehensive Cancer Network (NCCN) also state that docetaxel may 
be considered for asymptomatic men with mCRPC who have signs of rapid pro-
gression or soft tissue/visceral metastases [10].
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This conservative approach of deferring chemotherapy until symptoms appear 
was widely accepted until the introduction of many more survival prolonging thera-
pies, whereby initiation and change of treatments became less conservative. 
Rechallenge with docetaxel initial response and a certain off-treatment period and 
disease progression also became obsolete with the introduction of new therapies, 
since rechallenge never had any proof of improved survival [11].

21.3  Second-Line Chemotherapy

Docetaxel set the stage for the standard treatment of metastatic CRPC, creating an 
arbitrary setting for the testing and licensing of the next generation of drugs. From 
this time point, all new drugs introduced into metastatic CRPC were either tested in 
the “post-docetaxel” or the “pre-docetaxel” settings. The terms pre- and post- 
docetaxel refer to the use of docetaxel in the metastatic CRPC phase.

The first chemotherapy drug showing survival benefit in the post-docetaxel set-
ting as second-line chemotherapy is cabazitaxel [5]. The activity of another taxane 
came as a pleasant surprise, since cross-resistance would have been a major draw-
back, and progression on or shortly after docetaxel would be likely to predict resis-
tance to another taxane [12]. Cabazitaxel (XRP6258), a tubulin-binding taxane 
drug, showed potent antitumor activity comparable with docetaxel in docetaxel- 
sensitive cell lines and exhibited more potent cytotoxic activity than docetaxel in 
cancer cell lines with acquired resistance to docetaxel due to P-GP overexpression 
[13, 14]. Based on these findings, cabazitaxel entered the clinical trial phase and 
found to have antitumor activity and good tolerability in phase I and II trials.

The groundbreaking phase III clinical data on cabazitaxel emerged from the 
TROPIC trial, conducted in 26 countries in North and South America, Eastern and 
Western Europe, and Asia, involving 755 patients with mCRPC in the post-docetaxel 
setting [5]. About one-third of the patient population had already received two or 
more lines of chemotherapy and thus were heavily pretreated, and two-thirds had 
developed progressive disease either during or within 3 months of docetaxel treat-
ment, therefore representing taxane-resistant disease. Visceral metastases were 
present in 25% of the patients, indicating that the patient population had poor prog-
nostic disease.

The patients were randomized to receive cabazitaxel or mitoxantrone, plus pred-
nisone or prednisolone 10 mg/day. Mitoxantrone was chosen as the comparative 
arm due to its proven efficacy as a palliative agent in CRPC. Cabazitaxel improved 
survival over mitoxantrone (15.1 months vs. 12.7 months), meeting the primary 
endpoint of the trial. It provided a 30% risk reduction of death (hazard ratio: 0.70; 
95% confidence interval, 0.59–0.83; p < 0.0001). Progression-free survival and 
safety were the secondary endpoints of the trial. Median progression-free survival 
was 2.8 months in the cabazitaxel arm and 1.4 months in the mitoxantrone arm. 
There was also significant improvement in tumor response, time to tumor progres-
sion, PSA response rate, and median time to PSA progression in cabazitaxel arm. 
The PSA response rate was 39.2% (P = 0.002), and median time to PSA progression 
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was 6.1 months (P = 0.001) with cabazitaxel. However, pain control and time to 
pain progression were similar among the two treatment arms.

Cabazitaxel benefit was consistent for both the older and younger patient groups 
(age <65 vs. ≥65 years), for patients with or without pain at baseline. The benefit 
was evident particularly for those patients who had progressed during or within 
3 months following docetaxel therapy. In an updated analysis, 15.9% of the 378 
patients in the cabazitaxel group and 8.2% of the 377 patients in the mitoxantrone 
group survived ≥2 years (odds ratio 2.11; 95% CI 1.33–3.33). Based on the updated 
Kaplan–Meier curve, the probability of surviving ≥2 years was 27% (95% CI 
23–32%) with cabazitaxel versus 16% (95% CI 12–20%) with mitoxantrone [15]. 
In the multivariate analysis, prognostic factors for survival ≥2 years were rising 
PSA at baseline, treatment group (cabazitaxel vs. mitoxantrone), baseline pain, and 
time from last docetaxel dose to randomization in TROPIC (<6 vs. ≥6 months) [15].

The major concern for cabazitaxel in the trial was toxicity. Neutropenia, leuko-
penia, anemia, febrile neutropenia, and diarrhea were the most common grade 3/4 
side effects [5]. Grade 3/4 neutropenia was recorded in 82% of the cabazitaxel and 
58% of the mitoxantrone patients, with febrile neutropenia in 8 and 1%, respec-
tively. Diarrhea at any grade occurred in 47% of the cabazitaxel and 11% of the 
mitoxantrone patients. Eighteen patients died on the cabazitaxel arm within 30 days 
of the last cycle, compared with nine in the mitoxantrone arm. Neutropenic compli-
cations were the most common cause of death associated with cabazitaxel. All of 
the deaths occurred early in the trial before investigators were allowed the prophy-
lactic use of granulocyte colony-stimulating factor and dose modification in the 
event of febrile neutropenia. The fact that the management of febrile neutropenia 
varied grossly over TROPIC centers across the world contributed to this excess 
death rate. Analysis of the data from the North American centers (n = 235) showed 
that only one patient (<1%) in each treatment group died as a result of treatment 
side effects [16].

The real-life data from expanded access programs (EAP) of cabazitaxel all over 
the world proved the efficacy and provided very precious insight into the safety of 
the drug. The international cabazitaxel early-access program collected data on treat-
ment safety and patients’ quality of life [17]. Data from the UK arm of this study 
showed a 4.9% incidence of febrile neutropenia and 2.4% incidence of diarrhea. In 
the Canadian arm of the early-access program (33 patients, median age 65 years, 
>50% received ≥5 cycles), the incidence of grade 3/4 diarrhea was 3%, and no 
treatment-related deaths were reported [18]. In the Spanish EAP, the most frequent 
grade ≥3 AEs were neutropenia (16.3%) and asthenia (11.1%). Febrile neutropenia 
and grade ≥3 diarrhea occurred in 5.2% of the patients each. There were five (3.3%) 
possibly treatment-related deaths, mainly infection related. Grade ≥3 peripheral 
neuropathy and nail disorders were rare [19].

The difference in the treatment-related morbidity and mortality between the reg-
istration trial TROPIC and the EAP’s lies in the use of prophylactic G-CSF in the 
latter. The dose can be decreased to 20 mg/m2 if prophylactic G-CSF does not pre-
vent neutropenia and its complications. A randomized trial of 25 versus 20 mg/m2, 
PROSELICA has been presented at the American Society of Clinical Oncology 
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meeting in 2016, showing the efficacy of the two doses to be equal [20]. A recent 
interesting finding was announced after a post hoc analysis of the TROPIC trial 
[21]. The occurrence of grade ≥3 neutropenia during cabazitaxel therapy was asso-
ciated with a prolonged OS (median 16.3 vs. 14.0 months, hazard ratio (HR) [95% 
confidence interval] = 0.65 [0.43 – 0.97], p = 0.035), a twice longer PFS (median 
5.3 vs. 2.6 months, HR = 0.56 [0.40 – 0.79], p = 0.001), and a higher confirmed PSA 
response ≥50% (49.8% vs. 24.4%, p = 0.005), as compared with patients who did 
not develop grade ≥3 neutropenia. In the subgroup of neutropenic patients, the 
median OS was 19.7 months in those treated with granulocyte colony-stimulating 
factor (G-CSF) and 16 months on those without G-CSF support. Primary or second-
ary prophylactic use of G-CSF had no adverse impact for outcome. If prospectively 
confirmed, these results would justify maintaining the intended cabazitaxel dose of 
25 mg/m2 whenever possible.

Today, the routine use of G-CSF is the standard of care in cabazitaxel chemo-
therapy. Aside from neutropenia, cabazitaxel treatment is well tolerated, causing less 
alopecia, nail changes, neuropathy, and dysgeusia compared with docetaxel [22].

The major question remains as to whom will benefit from cabazitaxel versus 
further androgen receptor (AR)-targeted therapy in the post-docetaxel setting. Two 
competing AR-directed therapies, the AR-receptor antagonist enzalutamide and the 
AR-pathway inhibitor abiraterone, both prolong survival in this clinical situation, 
and proper sequencing of therapies, as well as choosing the right treatment for the 
patient, is crucial to provide the best clinical outcome in CRPC. It is well recog-
nized that approximately one-third of patients are primarily resistant to AR-directed 
therapies. The theoretic tool to recognize resistance would be the measurement of 
the protein encoded by AR-V7 (AR splice variant 7), since it lacks the ligand- 
binding domain of the androgen receptor (the direct target of enzalutamide and the 
indirect target of abiraterone) while remaining constitutively active as a transcrip-
tion factor in a ligand-independent manner [23–26].

The clinical association AR-V7 with resistance to AR-directed therapy has been 
evaluated prospectively in 62 patients (31 abiraterone and 31 enzalutamide recipi-
ents) [27]. AR-V7 was measured in circulating tumor cells by reverse transcriptase–
polymerase chain reaction in patients with metastatic CRPC who were initiating 
treatment with either enzalutamide or abiraterone. The association of AR-V7 status 
(positive vs. negative) and PSA response rates (the primary endpoint), PSA 
progression- free survival, clinical or radiographic progression-free survival, and 
overall survival were evaluated. In this study, looking at waterfall plots, no AR-V7-
positive patient had any appreciable clinical benefit from enzalutamide or abi-
raterone therapy. The study showed a strong association between the presence of 
AR-V7 and resistance to enzalutamide and abiraterone, but it failed to provide the 
mechanism of resistance by AR-V7. It concluded that, after validation in larger tri-
als, AR-V7 could be used as a biomarker to predict resistance to enzalutamide and 
abiraterone and to facilitate treatment selection.

The same investigators tested whether the presence of AR-V7 affected taxane 
efficacy [28]. They enrolled taxane-treated patients into the study and pooled the 
results with their previous group of patients receiving AR-directed therapies. Of the 
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37 taxane-treated patients enrolled, 17 (46%) had detectable AR-V7 in CTCs. There 
was no significant difference in PSA response (41% vs. 65%; P = 0.19), PSA PFS 
(hazard ratio [HR], 1.7, 95% CI, 0.6–5.0; P = 0.32), and PFS (HR, 2.7, 95% CI, 
0.8–8.8; P = 0.11) between AR-V7-positive and AR-V7-negative men. A significant 
interaction was observed between AR-V7 status and treatment type (P < 0.001). 
Clinical outcomes were superior with taxanes compared with enzalutamide or abi-
raterone therapy in AR-V7-positive men, whereas outcomes did not differ by treat-
ment type in AR-V7-negative men. Investigators have also shown in serial 
measurements over time in patients receiving chemotherapy and AR-directed treat-
ments that AR-V7 status changes over time with therapy, converting both from 
negative to positive and from positive to negative status [29]. Interestingly, conver-
sion from positive to negative status only occurred during taxane treatment. 
Technology for CTC extraction also needs to be developed and standardized before 
presented for routine use in the clinical setting [30].

21.4  Docetaxel Combination Regimens

Clinical trials and real-life evidence show that only about 50% of patients with 
CRPC respond to docetaxel and many develop resistance after a certain time of drug 
exposure. Hypothesis that the microtubulin inhibitor taxanes have additional activ-
ity through AR has been proven in studies which have shown that docetaxel causes 
cytoplasmic AR sequestration ex vivo [31, 32], in circulating tumor cells [33], sig-
nificant downregulation of the AR and PSA expression, and repression of AR func-
tion [34, 35]. These data support that the anticancer activity of docetaxel is partially 
through the disruption of AR signaling [36]. Resistance to docetaxel seems very 
complex, such as apoptosis inhibition [37], activation of several survival pathways, 
and loss of sensitivity of AR leading to continuous signaling, accounting for the 
activity of further AR-directed therapies after docetaxel in CRPC. The influence of 
the tumor microenvironment and drug resistance interactions between tumor cells 
and bone cells may also account for docetaxel resistance [37, 38].

Combinations of docetaxel to other targeted agents have been proposed to over-
come resistance. There are many small phase II trials, but ten large negative phase 
III trials have been completed with negative results.

The MAINSAIL trial tested docetaxel/prednisone with or without the antiangio-
genic agent lenalidomide in metastatic CRPC with the primary endpoint of OS [39]. 
The trial was terminated early based on interim analysis showing no additional ben-
efit. In the SWOG-S0421 trial, docetaxel/prednisone was combined with either the 
endothelin-A (ET-A) receptor antagonist atrasentan or placebo in 991 eligible 
patients with mCRPC with bone metastases [40]. This phase III trial reported no 
differences in OS (median OS 18 months vs. 17 months, respectively; HR: 1.01, 
95% CI 0.87–1.18; P 1⁄4 0.88).

The Cancer and Leukemia Group B (CALGB)/Eastern Cooperative Oncology 
Group (ECOG)-90401 trial evaluated the combination of bevacizumab with docetaxel/
prednisone compared to docetaxel/prednisone alone in men with mCRPC [41]. 
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Despite an improvement in PFS (median PFS 9.9 months vs. 7.5 months, respec-
tively; HR: 0.77, 95% CI 0.68–0.88; P o 0.0001), the trial did not meet its primary 
endpoint, OS benefit. The VENICE trial evaluated the primary endpoint of OS in 
patients with mCRPC treated with a regimen of either placebo or aflibercept, an 
antiangiogenic agent, in combination with docetaxel/prednisone. This trial also did 
not meet the primary endpoint [42]. The ENTHUSE M1C trial compared a regimen 
of docetaxel in combination with the ET-A receptor antagonist zibotentan at 10 mg/d 
versus docetaxel/placebo in patients with mCRPC (NCT00617669) [43]. The pri-
mary endpoint, OS, was unmet. The READY trial test the addition of dasatinib to 
docetaxel/prednisone in a double-blind randomized manner to improve overall sur-
vival [44]. Secondary endpoints in the READY trial included comparison of objec-
tive response, time to first SRE and PFS, time to PSA progression, reduction of 
urinary N-telopeptide, pain intensity from baseline between treatment groups, and 
safety analyses. This trial also was a negative trial, not meeting the OS benefit end-
point. The SYNERGY is an open label, international, randomized trial comparing 
the addition of custirsen to the standard docetaxel/prednisone in patients with 
mCRPC. This study follows encouraging results from a phase II trial (n 1⁄4 82) 
which demonstrated an improvement in survival in patients with mCRPC when 
custirsen was combined with docetaxel/prednisone relative to SOC docetaxel/pred-
nisone (median OS of 23.8 months vs. 16.9 months, respectively; HR: 0.61, 95% CI 
0.36–1.02) [44].

21.5  Neuroendocrine Prostate Cancer (NEPC)

Neuroendocrine prostate cancer (NEPC) is an aggressive subtype of prostate cancer 
that can arise de novo but much more commonly arises after hormonal therapy for 
prostate adenocarcinoma (PCA) [1]. NEPC frequently metastasizes to visceral 
organs and responds only transiently to chemotherapy, and most patients die within 
1–2 years of diagnosis [45]. NEPC differs histologically from PCA and is character-
ized by the presence of small, round, blue neuroendocrine cells, which do not 
express AR or secrete PSA, but usually express neuroendocrine markers such as 
chromogranin A, synaptophysin, and neuron-specific enolase (NSE) [46]. Pure 
localized small cell carcinoma of the prostate gland is rare (<1% of cases); focal 
neuroendocrine differentiation admixed with adenocarcinoma is more commonly 
observed in approximately 5–10% of cases, depending on the criteria and biomark-
ers used [47].

Treatment-related NEPC detected by immunohistochemical staining is found 
in approximately 20–30% of metastatic castration-resistant tumors [47].The true 
incidence of NEPC may become even higher with the recent introduction of 
more potent androgen receptor signaling inhibitors, underdiagnosis as a result of 
tumor heterogeneity, lack of metastatic site biopsies, lack of a uniform consensus 
definition based on histology or biomarker expression, and frequent misclassifi-
cation as high-grade prostate adenocarcinoma, especially in tumors with mixed 
histologies.
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The presence of neuroendocrine differentiation is suggested by a limited response 
duration to primary ADT (<6 months); high PSA nadir on ADT (>4 ng/mL); vis-
ceral metastatic disease, including to the lung, liver, and central nervous system; 
predominantly lytic bone metastases; low absolute serum PSA in relation to disease 
burden; elevated serum markers of neuroendocrine differentiation, including chro-
mogranin and neuron-specific enolase; and high levels of lactate dehydrogenase 
and/or elevated carcinoembryonic antigen (CEA) serum levels [48–50].

One of the hallmarks of NEPC is loss of androgen receptor, and androgen recep-
tor knockdown in an androgen receptor-sensitive cell line correlates with neuroen-
docrine differentiation [51].

Another study showed overexpression of the AURKA protein in all NEPC 
tumors and amplification of the AURKA gene in four of seven NEPC tumors [52]. 
Inhibition of AURKA led to a loss of neuroendocrine differentiation, suggesting a 
link between AURKA signaling and reversible NEPC. Amplification of MYCN was 
found in 40% of NEPC cases compared with only 4% of prostate adenocarcinoma 
cases [52]. The PI3K/Akt-mTOR pathway has also been shown to be necessary for 
NEPC formation. Inhibition of PI3K has decreased neuron-specific enolase expres-
sion, and transfection of activated Akt led to increased neuron-specific enolase 
expression, indicating a reversible NEPC activation [53].

21.6  Chemotherapy for NEPC

Advanced small cell prostate cancer and prostate cancer with extensive neuroendo-
crine differentiation, both highly proliferative subsets of prostate cancer, generally 
respond rapidly to cytotoxic chemotherapy with minimal (if any) response to andro-
gen deprivation. Pure small cell carcinoma with distant metastases should largely be 
treated with up-front chemotherapy rather than ADT. In prostate cancer with exten-
sive neuroendocrine differentiation, a trial of ADT in combination with cytotoxic 
chemotherapy may be reasonable. For small cell cancer, the treatment of choice is 
platinum plus etoposide combination; for prostatic adenocarcinoma with neuroen-
docrine differentiation, the choice is docetaxel, or a combination of carboplatin plus 
docetaxel. Platinum-based treatment should be strongly considered in cases involv-
ing more extensive neuroendocrine differentiation and/or small cell features within 
the tumor biopsy. A retrospective series of 21 patients with metastatic small cell 
prostate cancer was treated with a combination of platinum plus etoposide, and 62% 
of patients experienced an objective tumor response. The duration of response was 
short, and median survival was less than 12 months.

Prospective clinical trials have tested combination chemotherapy. A single-arm 
phase II study investigated the use of carboplatin plus docetaxel in combination 
with prednisone in 113 patients with one or more of seven prespecified criteria 
designed to capture anaplastic or aggressive phenotype prostate cancer: (1) histo-
logic evidence of small cell prostate cancer (pure or mixed); (2) exclusively vis-
ceral metastases; (3) predominantly lytic bone metastases; (4) bulky pelvic soft 
tissue masses greater than 5 cm; (5) low serum PSA level (<10 ng/mL) in 
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combination with high-volume (>20) bone metastases; (6) positive immunohisto-
chemistry staining of chromogranin or synaptophysin A or elevated serum markers 
of neuroendocrine differentiation plus elevations in lactate dehydrogenase (LDH), 
CEA, or malignant hypercalcemia; or (7) short-interval (<6 months) response to 
primary ADT [54]. After disease progression on carboplatin plus docetaxel, 
patients were treated with cisplatin plus etoposide. Median OS was 16 months 
(95% CI, 13.6–19.0), and the proportion of patients who were progression-free 
after four cycles of carboplatin plus docetaxel and subsequent treatment with cis-
platin plus etoposide (N = 71) was 65.4 and 33.8%, respectively. The trial results 
suggest that continued platinum-based chemotherapy with the addition of etopo-
side may be a reasonable second-line therapy in patients with NEPC who experi-
ence disease progression on platinum plus taxane combinations. Serum LDH and 
CEA seemed to have more prognostic value than levels of chromogranin A or 
immunohistochemical positivity of chromogranin A and synaptophysin, showing 
that traditional NEPC biomarkers may not be prognostic. More effective targeted 
therapies are awaited in the future.

21.7  Chemotherapy for Hormone-Naïve Prostate Cancer

The up-front systemic treatment of patients who present with metastatic prostate 
cancer has long remained androgen deprivation therapy (ADT). The use of intermit-
tent ADT, or the addition of an antiandrogen to ADT, has not improved survival [55, 
56]. The addition of chemotherapy, docetaxel, to ADT in newly diagnosed meta-
static prostate has been recently tested in three randomized trials [57–59]. A meta- 
analysis of these three trials has confirmed the benefit of adding chemotherapy to 
hormonal treatment in this patient population [60].

The CHAARTED trial randomized 790 newly diagnosed metastatic prostate 
cancer patients between docetaxel + ADT and ADT only [57]. Patients were strati-
fied according to disease volume (high vs. low), age (>70 vs. <70), ECOG perfor-
mance status (0–1 vs. 2), ADT ≥ 30 days (yes vs. no), previous adjuvant ADT 
(>12 months vs. ≤12), bisphosphonates, or denosumab (yes vs. no). High-volume 
disease was defined as the presence of visceral metastases or ≥4 bone lesions with 
≥1 beyond the vertebral bodies and pelvis.

The median overall survival was 13.6 months longer with the addition to ADT of 
early docetaxel than with ADT alone (57.6 months vs. 44.0 months; HR for death 
0.61; 95% CI 0.47–0.80; P < 0.001). There were 101 prostate cancer deaths in the 
combination group and 136 prostate cancer deaths in the ADT-alone group. The 
benefit at the last analysis was more apparent in the subgroup with high-volume 
disease than in the overall study population, with a median overall survival that was 
17.0 months longer in the combination group than in the ADT-alone group 
(49.2 months vs. 32.2 months; HR for death, 0.60; 95% CI, 0.45–0.81; P < 0.001). 
The median survival at the time of the analysis had not been reached in the subgroup 
with low-volume disease in either study group. A benefit of docetaxel treatment was 
detected in all the subgroups analyzed [57].
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Decrease in the PSA level to less than 0.2 ng per milliliter at 12 months was 
27.7% in the combination group, compared to 16.8% in the ADT-alone group 
(P < 0.001). The median time to the development of CRPC (biochemical, symptom-
atic, or radiographic) was 20.2 months with combination therapy, compared to 
11.7 months with ADT alone (HR 0.61; 95% CI, 0.51–0.72; P < 0.001). The median 
time to clinical progression was 33.0 months with combination therapy, as com-
pared with 19.8 months with ADT alone (HR 0.61; 95% CI, 0.50–0.75; P < 0.001).

In the chemotherapy group, 2% had a grade 3 or 4 allergic reaction; grade 3 
fatigue occurred in 4% of the patients, and grade 3 diarrhea, stomatitis, motor neu-
ropathy, and sensory neuropathy each occurred at a rate of 1% or less. Rate of 
thromboembolic events was 1% in the combination group. One patient died sud-
denly at home of an unknown cause during the course of docetaxel therapy. 
Neutropenic fever occurred in 6% of the patients in the combination group; rate of 
grade 3–4 infection remained at 2%.

The GETUG-15 trial included 385 patients, which were not stratified for disease 
extent [58]. Based on 176 events, the trial found a similar progression-free survival 
but no survival difference between chemo-hormonal treatment and ADT alone (HR 
1.01; 95% CI 0.76–1.25). The contradictory result may be the consequence of 
smaller sample size, non-selection of patients according to tumor volume, or the 
different rate of de novo metastatic disease in these two trials.

STAMPEDE was a multi-arm, multistage trial that included both metastatic and 
nonmetastatic prostate cancer patients [59]. The current report of the STAMPEDE 
trial reflects results of four study arms, including standard of care (SOC; 
ADT ± radiotherapy), SOC plus docetaxel, SOC plus zoledronic acid, and SOC plus 
docetaxel and zoledronic acid. Docetaxel was administered as six cycles of 75 mg/
m2 every 3 weeks with prednisone 10 mg daily, as opposed to docetaxel alone in the 
CHAARTED trial. Approximately 61% of patients had metastatic disease at presen-
tation, whereas 15% presented with node-positive disease and 24% with high-risk 
locally advanced disease (T3/4, PSA >40, or Gleason 8–10). This trial demonstrated 
that docetaxel in combination with SOC improved OS by 10 months as compared 
with SOC alone (HR, 0.78; 95% CI, 0.66–0.93; P = 0.006). When patients with 
metastatic disease were analyzed separately, the OS benefit was 15 months for 
docetaxel plus SOC versus SOC alone (HR, 0.76; 95% CI, 0.62–0.92; P = 0.005). 
These results compared favorably with the results of the CHAARTED trial and 
confirmed the benefit of the addition of docetaxel to ADT in the treatment of 
hormone- naïve metastatic prostate cancer.

A meta-analysis, including patients from all three trials, revealed a robust 9% 
absolute OS benefit at 4 years (HR = 0.77; 95% CI: 0.68–0.87; p < 0.0001) by the 
use of docetaxel plus ADT in men with mHSPC [60].

Many wonder why six cycles of docetaxel in the hormone-naïve setting have 
such greater benefit than that administered in CRPC. The answer may lie within the 
early kill of hormone-resistant cell clones or in the different docetaxel pharmacoki-
netics in these different patient subsets. The difference is evident in the 2.7% rate of 
neutropenic fever between TAX-327 versus 6–12% in all three hormone-naïve met-
astatic prostate cancer studies. In the study by Franke et al. [61], the clearance of 
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docetaxel is increased by 100% in castrated men. Steroids may also influence tax-
ane pharmacokinetics. A recent report has suggested a higher incidence of neutro-
penic fever in patients receiving docetaxel alone as compared to docetaxel with 
prednisone [62]. The CHAARTED trial used docetaxel without prednisone, and the 
STAMPEDE coadministered docetaxel with prednisone, producing the same mag-
nitude of benefit. Prednisone alone has shown activity as the control arm in many 
trials, and the addition of prednisone to docetaxel enhances the efficacy of the regi-
men. The recommendation today is to coadminister docetaxel with prednisone in all 
settings.

 Conclusion

Chemotherapy in addition to ADT should be offered to all metastatic hormone- 
naïve prostate cancer patients, who are fit enough for chemotherapy.
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Abstract
In the era of the molecular medicine, new targets are discovered and testing for 
clinical benefits in prostate carcinoma. Recent clinical and preclinical studies 
focused on understanding the molecular landscape of castration-resistant  prostate 
cancer (CRPC) to find out the potential therapeutic targets. Androgen pathway is 
the main study field. And new-generation androgen pathway targeting agents are 
testing and new molecular targets also defined. Androgen receptor targeting is 
demonstrated as overall survival benefit in CRPC. Abiraterone and enzalutamide 
that targets androgen pathway had survival benefit and had FDA approval in 
castration-resistant prostate carcinoma (CRPC) patients. Besides the androgen 
pathway, PARP inhibitors, PI3K/Akt, immune checkpoints, and PD1 and PDL1 
inhibitors are drugable targets. This chapter focuses on the targeted therapies and 
immunotherapies in prostate adenocarcinoma, especially CRPC.

22.1  New Molecules Targeting the Androgen Receptor 
Pathway

Better understanding of the disease biology comes with next-generation active com-
pounds. Some clinically active androgen receptors and androgen receptor inhibitors 
are shown in Table 22.1.
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Up to date, docetaxel, sipuleucel-T, cabazitaxel, abiraterone acetate, enzalu-
tamide, and radium-223 showed overall survival benefit in CRPC patients.

Cabazitaxel is a new-generation and semisynthetic derivative of a natural taxane. It 
is formerly known as XRP-6258. It is a microtubule inhibitor. It was tested in a phase 
III trial with 755 men for the treatment of castration-resistant prostate cancer, median 
survival was 15.1 months for patients receiving cabazitaxel versus 12.7 months for 

Table 22.1 New molecules that targeting the androgen receptor pathway in prostate carcinoma 
and related ongoing phase III clinical trials

Androgen 
inhibitors
Abiraterone FDA approval

For metastatic CRPC before chemotherapy
For metastatic CRPC following docetaxel

Orteronel 
(TAK-700)

Phase III
Maintenance therapy in patients with mCRPC previously treated with novel 
hormonal agents (NCT02053311)
Orteronel Maintenance therapy in patients with metastatic castration-
resistant prostate cancer and nonprogressive disease after first-line docetaxel 
therapy (NCT01707966)
Study comparing orteronel plus prednisone in patients with metastatic 
castration-resistant prostate cancer (NCT01193257)
Study comparing orteronel plus prednisone in patients with chemotherapy- 
naive metastatic castration-resistant prostate cancer (NCT01193244)
Phase III ADT + TAK-700 versus ADT + bicalutamide for metastatic 
prostate cancer (NCT01809691)
Hormone therapy, radiation therapy, and steroid 17alpha-monooxygenase 
TAK-700 in treating patients with high-risk prostate cancer (NCT01546987)

Galeterone A study of galeterone compared to enzalutamide in men expressing androgen 
receptor splice variant-7 mRNA (AR-V7) metastatic CRPC (NCT02438007)

ODM-204 Safety and pharmacokinetics of ODM-204 in patients with metastatic 
castration-resistant prostate cancer (NCT023440179)

Androgen 
receptor inhibitors
Bicalutamide FDA approval for metastatic prostate adenocarcinoma
Enzalutamide For metastatic CRPC following docetaxel
ODM-201 Efficacy and safety study of BAY1841788 (ODM-201) in men with 

high-risk nonmetastatic castration-resistant prostate cancer (ARAMIS) 
(NCT02200614)
ODM-201 in addition to standard ADT and docetaxel in metastatic 
castration sensitive prostate cancer (NCT02799602)

ARN 509 A study of apalutamide (ARN-509) in men with nonmetastatic castration- 
resistant prostate cancer (NCT01946204)
A study of apalutamide (JNJ-56021927, ARN-509) plus androgen deprivation 
therapy (ADT) versus ADT in participants with mHSPC (NCT02489318)
An efficacy and safety study of JNJ-56021927 (ARN-509) in high-risk prostate 
cancer subjects receiving primary radiation therapy: ATLAS (NCT02531516)

Galeterone A study of galeterone compared to enzalutamide in men expressing 
androgen receptor splice variant-7 mRNA (AR-V7) metastatic CRPC
(NCT02438007)
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patients receiving mitoxantrone. Cabazitaxel was associated with more grades 3–4 
neutropenia than mitoxantrone. Cabazitaxel in combination with prednisone is a treat-
ment option for hormone-refractory prostate cancer following docetaxel-based 
 treatment [1].

Abiraterone acetate blockade CYP17 inhibits androgen synthesis. Abiraterone 
was tested in patients received first- or second-line chemotherapy in CRPCP (COU- 
301) [2]. Abiraterone acetate approved for use with prednisone for metastatic 
castration- resistant prostate cancer following docetaxel. This phase III study dem-
onstrated a statistically significant improvement in OS in patients receiving abi-
raterone acetate compared with patients who received the placebo (HR = 0.646; 
95% CI: 0.543, 0.768; P = 0.0001). The median OS was 14.8 months for patients 
who received abiraterone acetate compared with 10.9 months OS for patients who 
received the placebo. An updated OS analysis, conducted after 775 events, demon-
strated a median OS of 15.8 months for patients who received abiraterone acetate 
compared with 11.2 months for patients who received the placebo (HR = 0.740; 95 
percent CI: 0.638, 0.859).

Enzalutamide has FDA approval for metastatic CRPC patients. The approval was 
based on a single randomized placebo-controlled multicenter trial that enrolled 
1199 patients with metastatic castration-resistant prostate cancer who had received 
prior docetaxel. Patients were randomly assigned to receive enzalutamide 160 mg 
orally once daily (N = 800) or placebo (N = 399).

A statistically significant improvement in OS [HR 0.63 (95% CI: 0.53, 0.75), 
p < 0.0001, log rank test] was observed in patients in the enzalutamide group com-
pared with patients in the placebo group. The median OS was 18.4 months for 
patients who received enzalutamide and 13.6 months for patients who received 
placebo.

Grades 3–4 adverse reactions were reported in 47% of patients treated with 
enzalutamide and in 53% of those who received placebo. Seizures occurred in 0.9% 
of patients treated with enzalutamide [3].

Other new-generation drugs targeting the AR are orteronel and ARN-509, ODM- 
204, and galeterone.

Orteronel (TAK-700) is an investigational, nonsteroidal, reversible, selective 
17,20-lyase inhibitor. Orteronel was tested in phase III study in patients with meta-
static castration-resistant prostate cancer that progressed after docetaxel therapy 
(ELM-PC 5). In this study, there was no statistically significant improvement in OS 
with orteronel-prednisone versus placebo-prednisone. Furthermore, the longer rPFS 
and higher rate of ≥50% PSA decrease suggest that orteronel may have antitumor 
activity in mCRPC after docetaxel therapy [4].

ARN-509 (apalutamide) is another nonsteroidal antiandrogen being actively 
investigated in the nonmetastatic CRPC setting. This compound inhibits binding of 
androgens to the AR and prevents nuclear translocation and DNA binding of the 
receptor to androgen response elements. An ongoing phase II trial of ARN-509 that 
recruited 47 patients between November 2011 and June 2012 is studying this drug 
in patients with nonmetastatic CRPC. The primary endpoint is PSA response at 
12 weeks according to PCWG2 criteria. Inclusion criteria included nonmetastatic 
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CRPC and high risk for disease progression, based on PSA level ≥8 ng/mL within 
3 months of enrollment and/or PSA doubling time of ≤10 months. Patients were 
given 240 mg of ARN-509 per day and had their PSA level checked every 4 weeks 
and imaging studies every 16 weeks. The median follow-up was 13.4 months. The 
PSA response rate at both 12 and 24 weeks was 91%, and the median metastasis-
free survival has not been reached. AEs in the metastatic CRPC group included 
grade 3 or higher fatigue back pain, constipation, musculoskeletal pain, and 
vomiting.

An ongoing phase III trial is randomly assigning men with nonmetastatic CRPC 
2:1 to ARN-509 versus placebo (ClinicalTrials.gov identifier: NCT01946204). 
Participants must have a PSA doubling time of ≤10 months.

Earlier use of AR pathway targeting drugs have been tested in de novo metastatic 
patients (latitude study-abiraterone). Abiraterone is also testing in de novo meta-
static patients in combination with local radiotherapy (PEACE-1).

There are emerging drugs target in CRPC. PARP inhibitors, PI3K/Akt, immune 
checkpoints, and PD1 and PDL1 inhibitors are intensively studied and some prom-
ising results were published.

22.2  PARP Inhibitors

Metastatic, castration-resistant prostate cancer can have genomic aberrations that 
interfere with DNA repair. Some of these aberrations have been associated with 
sensitivity to platinum and poly(adenosine diphosphate [ADP]–ribose) poly-
merase (PARP) inhibitors, suggesting that treatment with a PARP inhibitor may 
exploit a synthetic lethal interaction. PARP is involved in multiple aspects of 
DNA repair, and the PARP inhibitor olaparib (Lynparza, AstraZeneca) has 
recently been studied in mCRPC for with BRCA1/2 mutations. It is known that 
BRCA-mutant patients is exquisitely sensitive to PARP inhibition [5]. DNA 
repair defect is 22.7% and DNA repair defects. 12.7% BRCA2 altered including 
5.3% germline [6].

TOPARP trial is an open-label, single-arm, two-part adaptive design phase II 
trial of olaparib in patients with advanced castration-resistant prostate cancer.

The trial aims to evaluate the antitumor activity of olaparib in metastatic 
castration- resistant prostate cancer, identify molecular signatures of tumor cells in 
responding and nonresponding patients, and identify predictive biomarkers of 
olaparib response. In this study overall response rate is 33%; however, response rate 
is 88% in the patients with DNA repair defect [7].

There is an ongoing trial that targeting PARP in mCRPC (PROfound Study). 
PROfound Study is going to evaluate the efficacy and safety of olaparib versus 
enzalutamide or abiraterone acetate in subjects with metastatic castration-resistant 
prostate cancer who have failed prior treatment with a new hormonal agent and have 
homologous recombination repair gene mutations (NCT02987543). Many combi-
nation studies with PARP inhibitors + AR-targeted agents are tested in phase I and 
phase II trials.
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22.3  PI3K/Akt Pathway Inhibitors

PI3K/Akt pathway controls key cellular processes including growth, survival, pro-
liferation, and angiogenesis. CRCP patients had 49% PI3K pathway alterations. 
There is reciprocal regulation between AR and PI3K. This interaction is a strong 
preclinical rationale for co-targeting [6, 8].

A phase II trial studied the AKT inhibitors ipatasertib in combination with anti-
androgen abiraterone in patients with CRPC. There was no statistically rPFS differ-
ence between placebo-abiraterone and abiraterone-ipatasertib arms in unselected 
patients. However when the patients were evaluated according to the PTEN status 
(PTEN loss and PTEN no loss), abiraterone-ipatasertib combination arm was statis-
tically better rPFS in patients who have PTEN loss group. But there were no statisti-
cally difference in patients who have PTEN no-loss group. PTEN loss is a key 
biomarker for AKT inhibitors in CRPC patients.

There are ongoing studies that targeting PI3K/Akt in mCRPC. A phase III study 
is going on that compare the abiraterone + ipatasertib versus abiraterone + placebo. 
There are also new AKT inhibitors (AZD5363 and GSK2636771) in combination 
with enzalutamide.

Some immunological mechanisms in prostate carcinoma are summarized in 
Table 22.2. Sipuleucel-T (PROVENGE) consists of autologous peripheral blood 
mononuclear cells, including antigen-presenting cells (APCs) that are obtained in 
cell culture with recombinant prostatic acid phosphatase (PAP)-granulocyte- 
macrophage colony-stimulating factor (GM-CSF) [PA2024]. The final product of 
sipuleucel-T is autologous APCs and PAP-GM-CSF.

Sipuleucel-T is the first approved vaccine by FDA. This treatment generated 
patient’s own immune cells. Immune cells drawn by leukopheresis ship to central 
laboratory for processing, and it is exposed to target antigen PAP and GM-CSF for 
immunization. After this processing, this immune cells get back to hospital, and 
patients receive this immune cells. Kantoff et al. studied this approaches in mini-
mally symptomatic CRPC patients that compared the placebo. Sipuleucel-T arm had 
better overall survival in (36 vs 25.8 months; HR = 0.759 (95% CI: 0.606, 0.951). 
The median overall survival benefit was 4.1 months (P = 0.017). Three-year overall 
survival rate was also better than the placebo arm (32.1% vs 23.0%). However, the 
technical and processing difficulties is the major concern about the sipuleucel-T [16].

Table 22.2 Some immuno-
logical mechanisms in 
prostate carcinoma [9–15]

1. Antigen–targeted immunotherapy
  • Prostatic acid phosphatase (PAP) (sipuleucel-T)
  • PSA (PROSTVAC)
  • PSMA
  • Whole-cell vaccine
2. Immunomodulatory immunotherapy
  • CTLA4 Blockage
  • PD1 Blockage
  • OX40 Activation
  • GITR Activation
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DCVAC/PCA is an active autologous cellular immunotherapy consisting of den-
dritic cells (DCs) produced ex vivo from a patient’s monocytes, which are pulsed 
with tumor cells killed and subsequently activated by a maturation agent. There is 
phase I/II clinical trial in patients with the biochemical relapse.

Administration of DCVAC/PCa in patients with biochemical relapse of the pros-
tate cancer led to the significant prolongation of PSA doubling time [17].

22.4  Immune Checkpoints

Ipilimumab (trade name Yervoy) is a monoclonal antibody that works to activate the 
immune system by targeting cytotoxic T lymphocyte associated protein 4 (CTLA- 
4), a protein receptor that downregulates the immune system. Cytotoxic T lympho-
cytes (CTLs) can recognize and destroy cancer cells. However, an inhibitory 
mechanism interrupts this destruction. Ipilimumab turns off this inhibitory mecha-
nism and allows CTLs to function.

A phase III study that compared the ipilimumab versus placebo after radiother-
apy in patients with metastatic castration-resistant prostate cancer that had pro-
gressed after docetaxel chemotherapy had resulted (CA184-043).

Ipilimumab prolonged the median overall survival marginally (11.2 months 
(95% CI: 9.5–12.7) versus 10.0 months (95% CI: 8.3–11.0): HR: 0.85 (95% CI: 
0.72–1.00; P = 0.053) [18].

Another phase III study evaluated treatment with ipilimumab in asymptomatic or 
minimally symptomatic patients with chemotherapy-naive metastatic castration- 
resistant prostate cancer without visceral metastases.

Median OS was 28.7 months (95% CI: 24.5–32.5 months) in the ipilimumab arm 
versus 29.7 months (95% CI: 26.1–34.2 months) in the placebo arm (hazard ratio, 
1.11; 95.87% CI: 0.88–1.39; P = 0.3667). Median progression-free survival was 
5.6 months in the ipilimumab arm versus 3.8 with placebo arm (hazard ratio, 0.67; 
95.87% CI: 0.55–0.81). Exploratory analyses showed a higher prostate-specific 
antigen response rate with ipilimumab (23%) than with placebo (8%). Ipilimumab 
did not improve OS in patients with metastatic castration-resistant prostate cancer. 
The observed increases in progression-free survival and prostate-specific antigen 
response rates suggest antitumor activity in a patient subset [19].

Expression of the programmed death 1 (PD-1) receptor and its ligand, PD-L1, 
has been reported in CRPC. Pembrolizumab, an anti–PD-1 antibody, blocks the 
interaction between PD-1 and PD-L1. KEYNOTE-028 (NCT02054806) is a non-
randomized, phase Ib trial to evaluate the safety and efficacy of pembrolizumab 
in 20 advanced solid tumor cohorts. One of these cohorts is prostate adenocarci-
noma. Patients who have advanced adenocarcinoma of the prostate, failure of 
standard therapy, and PD-L1 expression in ≥1% of tumor or stroma cells by 
immunohistochemistry were included this cohort. Of the 23 patients enrolled in 
this cohort. Three patients had a confirmed partial response, for an ORR of 13% 
(95% CI, 3–34%); median duration of response was 59 weeks (range, 
28–62 weeks). Stable disease rate was 39% (n = 9; 95% CI: 20–61%). Median 
OS was 8 months, and the 6-month PFS rate was 39%. In this small cohort, 
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pembrolizumab produced durable responses among heavily pretreated patients 
with advanced PD-L1–positive prostate cancer with favorable side effect profile. 
There are many running phase II trials with pembrolizumab and nivolumab in 
different set of prostate carcinoma patients.

It is important to develop new biomarkers to predict the new targeted therapies 
and immunotherapies. Newly defined AR genomic aberrations in circulating tumor 
DNA has been associated with decreased clinical response to abiraterone or 
enzalutamide.

Prospective trials underway are evaluating the prognostic and predictive utility 
of AR-V7 and exploring novel agents with potential activity against AR-V- 
expressing CRPC. Detection of androgen receptor splice variant 7 (AR-V7) in cir-
culating tumor cells (CTCs) from men with castration-resistant prostate cancer 
(CRPC) was associated with primary resistance to enzalutamide and abiraterone 
therapy.

 Conclusion

In the era of the molecular medicine and immunotherapies, prostate carcinoma 
will have positive results with these extensive researches. Although the androgen 
pathway is the main fertile study field, new targets have promising results like 
PARP inhibitors, PI3K/AKT inhibitors, and immunotherapies. We need more 
powerful biomarkers to predict the new targeted therapies and immunotherapies.
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23PSA After Radiotherapy: PSA Bounce 
and Biochemical Failure

Fadil Akyol, Melis Gultekin, Gozde Yazici, Pervin Hurmuz, 
Sezin Yuce Sari, and Gokhan Ozyigit

Abstract
Prostate cancer is one of the major health problems in the world. Active surveil-
lance (AS), radical prostatectomy (RP) or radiotherapy (RT) options can be 
selected in patients with localized prostate cancer according to risk groups. RT 
can be given as external beam therapy (EBT) or as brachytherapy (BRT). EBT 
can be delivered by three-dimensional conformal RT (3BKRT) or intensity mod-
ulated RT (IMRT) with conventional fractionation, hypofractionated RT (HFRT), 
stereotactic body RT (SBRT) and proton treatment. High-dose rate (HDR) or 
low-dose rate (LDR) BRT can be used as a sole treatment modality or as a com-
bined treatment modality with EBT. Treatment success after local treatment is 
often evaluated by “biochemical failure.” Approximately one-third of patients 
undergoing RP and 20–30% of patients treated with EBT and hormonal treat-
ment show local recurrence or biochemical failures.

23.1  Introduction

Approximately one-third of patients undergoing RP and 20–30% of patients 
treated with EBT and hormonal treatment show local recurrence or biochemical 
failures [1, 2].

Prostate-specific antigen (PSA) is secreted by prostatic acinar and ductal epithe-
lial cells into the seminal fluid. High PSA levels may indicate prostatic intraepithelial 
neoplasia, prostate cancer, or some benign conditions [3]. It is a very important tool 
for the primary diagnosis and posttreatment surveillance. Sequential measurements 
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are routinely required for early detection of recurrent disease after definitive treat-
ment in patients with localized disease.

PSA concentration after RT is frequently in detectable level since residual pros-
tatic epithelial cells produce PSA under androgenic stimulation [4]. PSA after treat-
ment is decreased to the minimum level steadily but then can be increased. In the 
evaluation of tumor activity, PSA level is therefore accepted as unreliable for cases 
treated with RT against those undergoing RP.

After RT, PSA monitoring is the primary tool for measuring treatment success. 
The lowest PSA level during follow-up period is called as “PSA nadir.” It takes 
years to reach a PSA nadir and stabile level after three sequential measurements is 
essential to define the PSA nadir [5]. If PSA nadir is low than 0.1 ng/mL, the pres-
ence of complete biochemical remission can be defined [6]. Rising trend in PSA 
level over time depends on either tumor recurrence or recovery of prostate paren-
chyma (PSA bounce) [7].

23.2  PSA Bounce Phenomenon

“PSA bounce” is the temporary benign rise in PSA within the first 3 years after RT 
[8, 9]. This phenomenon is firstly called as “spike” by Wallner et al. in 1997 [10]. It 
is defined as PSA bounce in the following period [11]. The first PSA bounce value 
is above the PSA nadir and a subsequent PSA level is equal to or lower than PSA 
nadir (Fig. 23.1). PSA bounce is observed in 24–50% of patients after BRT using 
cutoff value ≥0.2 ng/mL [11–16]. The etiology of PSA bounce remains unclear, but 

Fig. 23.1 Illustration of PSA bounce phenomenon in a patient treated with CyberKnife™. Patient 
did not receive androgen blockage. Patient had three PSA bounces after PSA nadir level during his 
routine follow-up (red arrows)
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there are some theories; late lethal or sublethal radiation damage on prostate tissue, 
fluctuations in testosterone kinetics after short-term androgen deprivation treatment 
(ADT), recent ejaculation, testosterone effect on residual normal prostate tissue, 
bacterial prostatitis, and instrumentation [7, 17]. Antibiotic treatment or sequential 
PSA follow-up without any treatment can be applied [18].

Most commonly PSA bounce is defined as a minimum 0.2 ng/mL increase in 
PSA nadir and a subsequent decrease in PSA levels to PSA nadir or below without 
treatment [17]. Median time to PSA bounce is 21 months after RT and median value 
is 0.7 ng/mL [19]. Fifteen percent of PSA bounce values can be >2 ng/mL and 
sometimes exceed pretreatment PSA level [5]. This situation can be worrying for 
patients and clinicians, but these values frequently return to normal level within 
1 year without any treatment.

PSA bounce can be observed after any RT modalities but significantly less fre-
quent with EBT than BRT [7, 20, 21]. The literature related to PSA bounce is mainly 
based on permanent seed LDR-BRT studies. However, PSA bounce is also observed 
after HDR-BRT. Cell death mechanisms are also different depending on different 
dose rates, and therefore PSA kinetics after treatment is not expected to be the same. 
McGrath et al. reported higher rates of PSA bounce after HDR monotherapy com-
pared to cases treated with LDR monotherapy or HDR boost treatment (40, 25, 
29%, respectively, p = 0.04). Increased inflammatory response due to high BED 
after HDR may result in this observation.

Even though biochemical mechanism is not yet known fully, it is believed that 
PSA bounce is developed by sudden PSA secretion into the blood stream after con-
version of sublethal damage to lethal damage [22]. Better biochemical disease-free 
survival (bDFS) in some patients with PSA bounce can be explained by this mecha-
nism. However, the relationship between PSA bounce and bDFS is not clear. There 
are also publications showing no or worse effect on bDFS [13, 15, 22–24]. Hinnen 
et al. reported that the prostate cancer specific mortality rate for patients who expe-
rienced a PSA bounce after I-125 BRT was 0.3%, and those without bounce was 
6.1% [15]. Engeler et al. showed that the biochemical failure rate was 3.9% and 
PSA bounce rate was 24.3% for 713 patients with minimum 2 years of follow-up 
after I-125 BRT [22]. Biochemical failure occurred 1.7% of the cases with PSA 
bounce and 4.6% of those without PSA bounce (p < 0.05).

PSA bounce is often associated with patient, tumor, and treatment characteristics 
[25]. In several studies, young age (≤60 yaş) is the most significant predictor for 
PSA bounce [12, 13, 21]. Besides, more bounces are observed in patients with lower 
Gleason score [24, 26]. Contradictory results regarding the RT dose have been 
reported in the literature [27].

23.3  Biochemical Failure

Different definitions of biochemical failures exist after EBT [3, 28–31]. These differ-
ences may cause different biochemical failure rates in literature. During the consen-
sus conference by American Society for Therapeutic Radiology and Oncology 
(ASTRO) in 1997, biochemical failure was defined as three consecutive PSA rises 
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after nadir, spaced 3–6 months apart [31]. On the other hand, the date of biochemical 
failure is defined as mid-interval between the PSA nadir and the first rise in PSA. The 
disadvantages of this definition are becoming a retrospective evaluation and exten-
sive period of time required to observe three consecutive rises in PSA level. For this 
reason, the second ASTRO and RTOG consensus conference was held at Arizona in 
2005, and “Phoenix” definition was designed. According to this definition, a rise by 
≥2 ng/mL (nadir + 2) above the nadir PSA is called as biochemical failure after EBT 
independent of whether patients receiving hormonal therapy. The date of failure is 
defined as the time of the PSA rise [3]. A Phoenix criterion is the most commonly 
accepted definition for biochemical failure [3, 32]. In the original ASTRO definition, 
alternative RT techniques such as permanent or temporary BRT and neoadjuvant or 
adjuvant hormonal treatment have not been considered. Although the Phoenix crite-
ria are developed for cases treated with EBT, this concept is also frequently used in 
patients receiving BRT. It should be considered that these definitions are used for 
populations instead of individuals and biochemical failure definition should be per-
formed for each patient individually (Table 23.1).

All of these definitions originally developed by considering PSA kinetics after 
EBT. Date of positive biopsy or initiation of salvage treatment is accepted as failure 
for patients treated with salvage therapy options including hormonal therapy, pros-
tatectomy, BRT, or cryosurgery which are not suitable to Phoenix criteria. The sen-
sitivity, specificity, positive predictive value (PPV), and negative predictive value 
(NPV) of the original ASTRO definition were 51, 78, 52, and 88%, respectively [3, 
33]. On the other hand, in Phoenix definition, sensitivity of 64%, specificity of 78%, 
PPV of 36%, and NPV of 92%, respectively.

When ASTRO definition used, biochemical failure rates reach to 40% in litera-
ture [34–36]. Biochemical recurrence is frequently identified before patients experi-
ence clinical symptoms of recurrent disease. Kuban et al. reported that only 4% of 
the cases showed clinical progression before detecting any biochemical failure [35].

Poor prognostic factors for PSA failure include Gleason score at diagnosis (≥8), 
clinical stage (T3, N1), PSA level at diagnosis (>20 ng/mL), the duration between 
the first treatment and biochemical failure (≤2 years) and absence of biochemical 
control after local treatment [1, 2]. Pretreatment PSA level is one of the most impor-
tant predictive factor for biochemical failure [37, 38]. Zagars et al. reported a signifi-
cant relationship between pretreatment PSA level and clinical or biochemical relapse 
after RT [37]. In 6-year follow-up period, the risk of PSA relapse for patients with 
PSA ≤4, 4.1–10.0, 10.1–20 or >20 ng/mL were 16, 34, 51, and 89%, respectively.

Table 23.1 The definitions of biochemical failure

ASTRO definition [31] Three consecutive PSA rises after PSA nadir, spaced 
3–6 months apart

Vancouver definition [28, 29] At least two consecutive PSA rises with at least one >1.5 ng/
mL over the PSA nadir

ASTRO-Phoenix criteria [3] A rise by ≥2 ng/mL (nadir + 2) over PSA nadir
Kamat definition [30] A rise by ≥1.5 ng/mL over PSA nadir at least 24 months  

over EBT
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The date of PSA failure after treatment is also relevant with the survival. If PSA 
rise (nadir + 2) is detected within 18 months after treatment, the risk of prostate 
cancer specific mortality is significantly high [39]. Another prognostic factor for the 
development of biochemical failure is posttreatment PSA doubling time (PSADT) 
[40, 41]. Local recurrences are more common in cases with the long PSADT 
(median, 12–14 months) whereas distant metastases are more common in cases 
with short PSADT (median, 4–6 months) [42]. Prostate cancer specific mortality is 
20 times higher in patients with PSADT <3 months compared to PSADT ≥3 months 
[43]. Gleason score with PSADT is the best prognostic indicators for prostate can-
cer specific mortality in cases have rising PSA after RT [41]. Patients with short 
PSADT (<3 ay) and Gleason score ≥8 are at increased risk of prostate cancer mor-
tality, and long-term disease control cannot be achieved only with the local salvage 
treatments.

PSA nadir after RT is an independent predictive factor which is correlated with 
biochemical or clinical relapse and local or metastatic disease. Pretreatment PSA 
level is correlated with tumor grade and clinical T stage. Several studies showed that 
better clinical results were obtained in cases with PSA nadir <0.5 ng/mL [6, 44]. 
Alcantara et al. reported that 10-year distant metastases-free rate is 4% for 12-month 
PSA nadir ≤2 ng/mL and is 19% for >2 ng/mL (p < 0.0001) [45]. Although low 
PSA nadir is associated with favorable clinical outcomes, there is no absolute level 
to distinguish treatment success from treatment failure [46].

Several prognostic models including factors such as pretreatment variables, RT 
dose and posttreatment PSA levels have recently tried to estimate clinical relapse 
risk after RT. However, none of them has been implemented in routine clinical 
practice [47].

23.4  The Distinguishing PSA Bounce from Biochemical 
Failure

PSA is not a reliable indicator to evaluate effectiveness of treatment due to benign 
PSA bounce in first 3 years after RT. PSA monitoring is recommended following 
RT but PSA fluctuations especially during the first 2 years should not be considered 
as biochemical failure without any clinical symptoms [48]. Several factors includ-
ing time to PSA rise, PSADT and PSA velocity have been evaluated in the literature 
in order to distinguish PSA bounce from biochemical failure [5, 11–13, 16]. 
However, there is no definitive method to distinguish a benign PSA bounce from 
biochemical failure. In approximately 10% of cases with PSA bounce, PSA level 
exceed nadir + 2 which is defined as a biochemical failure [5]. In these cases, con-
secutive measurements are recommended to distinguish PSA bounce.

The time from the end of RT to PSA rise is an important parameter to distinguish 
PSA bounce from biochemical failure [16, 18, 26]. In general, PSA rise during early 
follow-up period is correlated with PSA bounce [5, 12, 16]. The median time to first 
PSA bounce was 17 months, in contrast the median time to biochemical failure was 
41 months after RT [5, 13, 14, 24]. Caloglu et al. reported that PSA bounce was 
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observed in 15–18 months after treatment whereas biochemical failure was observed 
in 34 months after treatment (16). Similarly, Crook et al. reported that the median 
time to PSA bounce was 15 months, in contrast to the median time to biochemical 
failure was 30 months [5]. In the studies related to PSADT, no significant difference 
was reported in terms of PSA failure or PSA bounce [13, 49].

PSA velocity is another investigated parameter to distinguish PSA failure from 
PSA bounce. One article in literature reported that PSA velocity was 0.28 ng/mL/
month for cases with PSA failure and 0.08 ng/mL/month for those with PSA 
bounce [50].

PSA elevation after neoadjuvant or adjuvant androgen deprivation therapy 
(ADT) should be interpreted with caution. PSA rise may be observed when the 
testosterone returns to normal level after completeness of ADT, and it could not be 
related with biochemical recurrence [51].

Any medical attempt should not be taken only by detecting an increase in PSA 
(even it is above nadir + 2) in the first 3 years following RT. PSA monitoring at 
3 months interval is suggested for those cases. It is necessary to avoid from unneces-
sary investigations and salvage treatments especially for patients with low and 
medium risks but clinician must be more careful for those with high risk. If PSA rises 
rapidly within 24–30 months after treatment, posttreatment PSA rise after 3 years 
and PSA >10 ng/mL are mostly correlated with recurrent prostate cancer [11, 18]. 
Diagnostic and therapeutic approaches should be done in these cases [5, 18, 26].

In patients with biochemical failure, firstly the recurrence pattern (local vs. meta-
static disease) should be investigated. In this situation several imaging techniques 
can be performed, but none of them has sufficient sensitivity or specificity for diag-
nostic purposes [52]. The recurrence should be firstly confirmed by biopsy after 
ruled out distant metastases [53]. Posttreatment biopsy should be performed at least 
24 months later to assure evaluability [54]. In patients with negative biopsy result, 
the recommended approach is follow-up [55].

After biochemical failure, bone scintigraphy or computed tomography (CT) is 
recommended for cases with PSA >20 ng/mL, PSADT <10–12 months or high risk 
factors at diagnosis [55]. Dynamic contrast-enhanced magnetic resonance imaging 
(MRI) is recommended for cases treated with EBT or BRT to detect local recur-
rence after biochemical failure. Choline positron-emission tomography (PET)-CT 
is the current gold standard in detecting local recurrences after biochemical failure 
in those were treated with EBRT or BRT. A recent meta-analysis showed that cho-
line PET-CT is superior to CT, MRI, or bone scintigraphy in detecting recurrences 
in lymph nodes, bones, and the prostate gland [56].

Salvage treatment after biochemical recurrence depends on primary treatment, 
clinical features of patients and tumor characteristics at presentation or relapse. 
Salvage treatment is only applied to 16–35% of patients with biochemical failure. It 
is important to determine which relapsing patients benefit from salvage treatment 
because of high risk of death from prostate cancer for cases with metastases only 
and mortality from other causes for cases with biochemical recurrence.

Ideal patient group for local salvage treatment after RT should meet all of the 
following characteristics: age <70 years, life expectancy >10 years, diagnosis of 

F. Akyol et al.



381

low or intermediate-risk cancer before initial treatment, PSADT ≥10–12 months, 
progression or relapse-free interval ≥2 years, PSA value during recurrence ≤10 ng/
mL, and no serious intestinal or urinary comorbidities causing contraindications to 
treatment [57]. Otherwise, treatment decision should be made individually.

RP, BRT, cryosurgery, EBT, or high-intensity focused ultrasound (HIFU) can be 
performed as a salvage treatment [58–61]. In patients who are not eligible for local 
treatment, early ADT may be useful [62]. There is no randomized study comparing 
different salvage treatment options.

23.5  PSA Kinetics After SBRT

Early PSA response is observed in patients treated with SBRT compared to other 
RT modalities [63–65]. Initially after treatment, PSA levels decline rapidly and then 
more slowly. The decrease in PSA levels continues during 3-year follow-up period. 
It means that lower PSA nadir will be detected in case of longer follow-up.

Anwar et al. evaluated posttreatment PSA kinetics of patients with localized 
prostate cancer after SBRT and compared the results with those after conventional 
fractionation of dose-escalated IMRT [66]. The significantly lower PSA nadir was 
observed in the SBRT group. The median slope for SBRT was −0.09 ng/mL/mo, 
−0.06 ng/mL/mo ve −0.05 ng/mL/mo, respectively, for durations of 1–3 years. 
Furthermore, the incidence of PSA bounce was more frequent in patients treated 
with SBRT. Kole et al. studied posttreatment PSA kinetics of 175 patients with 
localized prostate cancer after SBRT without ADT [67]. The prescription dose was 
35–36.5 Gy in five fractions. The median PSA nadir was 0.3 ng/mL for SBRT, and 
it was lower when compared to conventional fractionated RT. PSA bounce was 
observed in 36.2% of patients. It was observed that the patients with PSA bounce 
had mostly high PSA nadir values. In another study, PSA bounce was observed in 
28% of patients and correlated with young age [68].

Kim et al. investigated the treatment results of SBRT as a monotherapy or boost 
treatment in 61 patients with prostate cancer [69]. They were not treated with 
ADT. SBRT dose was 36.25 Gy in five fractions for monotherapy and 21 Gy in three 
fractions for boost treatment after 45 Gy whole-pelvic RT. With a median follow-up 
of 52.4 months, the median PSA nadir was 0.31 ng/mL for the cases treated with 
SBRT monotherapy. The maximum decline in PSA was observed in the first year 
and slower decline thereafter. PSA slope for the first year, the second year, the third 
year, and the fourth year was −0.41, −0.17, −0.12, and −0.09 ng/mL/month, respec-
tively. PSA bounce was observed in 30.4% of cases. The median time to PSA 
bounce was 12 months. Pretreatment PSA level, Gleason score, and low-risk group 
were associated with PSA bounce.

We evaluated the long-term results of two different fractionation schemes and 
PSA bounce phenomenon in our patients treated with robotic SBRT (CyberKnife™). 
D’Amico risk classification system was used to group patients [70]. In the low-risk 
(LR) group (n = 54), 20 patients received androgen blockade (AB). In the 
intermediate- risk (IR) group (n = 52), 42 patients received neoadjuvant/adjuvant 
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AB. SBRT was delivered in five fractions to a total dose of 36.5 Gy either sequen-
tially (n = 58) or every other day (n = 48). PSA bounce phenomenon (≥0.2 ng/mL) 
was observed in 17 patients (16%), and among them only one patient had PSA 
relapse. We did not find a relation between PSA bounce and biochemical relapse. 
Five-year BRFS rate was 89% in patients with PSA bounce phenomenon compared 
to 94.2% in patients without bounce (p = 0.9). There was no difference in the inci-
dence of PSA bounce for different treatment schemes [71].

 Conclusion

Approximately one-third of patients undergoing RP and 20–30% of patients 
treated with EBT and hormonal treatment show local recurrence or biochemi-
cal failures. After RT, PSA monitoring is the primary tool for measuring treat-
ment success. The lowest PSA level during follow-up period is called as “PSA 
nadir.” It takes years to reach a PSA nadir, and stabile level after three sequen-
tial  measurements is essential to define the PSA nadir. Salvage treatment after 
 biochemical recurrence depends on primary treatment, clinical features of 
patients, and tumor characteristics at presentation or relapse. Salvage treat-
ment is only applied to 16–35% of patients with biochemical failure. It is 
important to determine which relapsing patients benefit from salvage treat-
ment because of high risk of death from prostate cancer for cases with metas-
tases only and  mortality from other causes for cases with biochemical 
recurrence.

“PSA bounce” is the temporary benign rise in PSA within the first 3 years 
after RT. The etiology of PSA bounce remains unclear, but there are some theo-
ries; late lethal or sublethal radiation damage on prostate tissue, fluctuations in 
testosterone kinetics after short-term androgen deprivation treatment (ADT), 
recent ejaculation, testosterone effect on residual normal prostate tissue, bacte-
rial prostatitis, and instrumentation.
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24Re-irradiation in Prostate Cancer

Cem Onal

Abstract
Selection of appropriate patients for consideration of salvage treatment depends 
on whether the patient is still potentially curable. For this purpose, the key issue 
is to differentiate isolated local recurrence from systemic spread. Additionally, 
the risk of potential harm from re-treatment against the risk of progression to 
clinically important symptoms within that patient’s lifetime must be also 
evaluated.

24.1  Introduction

External beam radiotherapy (EBRT) is one of the standard options for definitive 
treatment of clinically localized or locally advanced prostate cancer. However, 
approximately 20–50% of patients will have biochemical failure within 10 years, 
even with image guidance and dose escalation [1, 2]. Local failure still occurs in 
one-third of patients after 78 Gy ERT, and the original intraprostatic lesion site is 
the most frequent location of relapse [3]. Without further treatment, progression to 
clinical symptoms with urinary obstruction, hematuria, or chronic pain would nega-
tively affect the patients’ quality of life. Moreover, local recurrence is a potential 
source of systemic dissemination [4, 5]. However, despite the potential benefits of 
local treatment, salvage therapies are rarely offered, because of advanced patient 
age, existing comorbidities and especially concerns about potential toxicity from 
local salvage procedures.
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Both the American national dataset (CaPSURE) and the British Columbia 
Tumour Registry show marked underuse of salvage options, in which 25% of 
patients with biochemical failure are managed with observation, whereas 70% are 
offered androgen deprivation therapy (ADT), while less than 5% of patients with 
recurrence undergo potentially curative local salvage treatment [6, 7]. Although 
conservative approaches are adequate for most of the patients, in selected cases, 
salvage local treatment with curative intent may be beneficial. Local salvage treat-
ment options include salvage prostatectomy, brachytherapy, cryotherapy, high- 
intensity focused ultrasound (HIFU), and stereotactic body radiotherapy (SBRT).

In this chapter, we only focus on re-irradiation procedures including brachy-
therapy and EBRT with discussion of the procedures, oncologic outcomes, and 
potential toxicity.

24.2  Patient Selection

Selection of appropriate patients for consideration of salvage treatment depends on 
whether the patient is still potentially curable. For this purpose, the key issue is to 
differentiate isolated local recurrence from systemic spread. Additionally, the risk 
of potential harm from re-treatment against the risk of progression to clinically 
important symptoms within that patient’s lifetime must be also evaluated. 
Approximately 25% of biochemical failures would become clinical failures within 
10 years [8].

24.2.1  Biochemical Failure

A rising PSA within 2 years of definitive RT should not be considered indicative of 
isolated local failure [9, 10]. Most of the patients with local recurrence may also 
have clinical or subclinical systemic disease. Such patients usually also have a 
higher PSA nadir after RT and a more rapid PSA doubling time, all of which are 
predictors of the likely ineffectiveness of local salvage. PSA nadir ≥2 ng/mL, PSA 
doubling time ≤6 months, and an interval to biochemical failure ≤18 months are all 
strongly associated with occurrence of distant metastasis [9–11].

Transrectal ultrasound (TRUS)-guided biopsies have been traditionally the first 
step to evaluate true local recurrence. However, locally recurrent disease can be 
rarely visualized with TRUS. For better defining local recurrence multiparametric 
magnetic resonance imaging (mpMRI) is highly sensitive than TRUS. Diffusion- 
weighted MRI image is altered throughout the irradiated gland. On the contrary, 
dynamic contrast enhancement, with an infusion of gadolinium, is especially useful 
in demonstrating recurrent disease, because of the neovascularity of the tumor seen 
against the background of a relatively avascular irradiated prostate [12]. The use of 
mpMRI or (dynamic contrast enhancement) MRI have shown better accuracy in 
identifying recurrent disease (Fig. 24.1) [13, 14]. The TRUS-guided biopsies should 
follow for confirmation of the MR findings.
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Histopathologic resolution of prostate cancer after RT takes approximately 
2–3 years. It has been demonstrated that one-third of biopsies showing tumor at 
12 months after radiation would become negative by 24–30 months [15, 16]. 
Biopsies performed before this time are not helpful in determining the success or 
failure of local treatment, and arising PSA earlier than this interval is generally 
indicative of systemic disease.

Radiation change alters the gland morphology such that cellular drop out often 
leaves isolated cells or nests of cells with no residual recognizable gland formation. 
This mimics high-grade disease, when indeed it represents severe radiation effect. 
The hallmarks of radiation change include nuclear and cytoplasmic changes such as 
smudged and distorted chromatin, large bizarre or pyknotic nuclei, microvesicular 
or macrovesicular changes, ruptured cytoplasm, and scarce or no glandular forma-
tion. These biopsies cannot be assigned a Gleason score. Before considering any 
local salvage treatment, residual tumor with minimal or no radiation change must be 
demonstrated on histopathology.

Once local recurrence has been proven, further effort should be made to rule out 
distant metastases. For this purpose, pelvic computed tomography (CT) or MRI and 
bone scan has been used to assess both regional and bone metastases. Perhaps, the 
most promising imaging tool for evaluation of biochemical recurrence after definitive 
RT is functional imaging using a small-molecule ligand of prostate membrane- specific 
antigen (PSMA) (Fig. 24.2). PSMA is a type II membrane glycoprotein with an extra-
cellular, transmembrane, and intracellular component. It is overexpressed in 90–100% 
of localized prostate cancer. Gallium-68 PSMA PET/CT has excellent tumor penetra-
tion, a high tumor to normal tissue ratio and ideal pharmacokinetics [17].

24.2.2  Prognostic Factors

The risk of micrometastases was estimated by reviewing the prognostic factors 
at initial treatment, as well as at the time of recurrence. Zelefsky et al. [1] stud-
ied 1650 patients with T1–T3 prostate cancer treated with median dose of 

a b

Fig. 24.1 Diffusion-weighted magnetic resonance images demonstrating (a) locally recurrent 
disease at central part and right posterolateral part of prostate and (b) basal anterior fibromuscular 
stroma
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75.6 Gy EBRT, and the authors reported that the predictors for distant metasta-
sis are PSA doubling time, Gleason score, and T-stage. Patients with a PSA 
doubling time of less than 6 months are least likely to benefit from local salvage 
treatment and may more appropriately be offered upfront systemic treatment. 
Nguyen et al. [18] suggested that patients most likely to benefit from local sal-
vage are those with an initial favorable presentation (cT1c–T2a disease, Gleason 
score ≤6, PSA level <10 ng/mL), initial PSA velocity <2 ng/mL/year, time to 
biochemical failure >3 years, PSA doubling time >12 months, and PSA at the 
time of salvage <10 ng/mL.

24.3  Salvage Brachytherapy

Local recurrence after definitive RT is often owing to insufficient irradiation dose. 
The dose–response relationship for EBRT has been demonstrated in multiple mature 
randomized clinical trials and the optimal effective dose from EBRT has not still 
been reached yet [19–23]. Studies comparing EBRT to brachytherapy, or to combi-
nations both, has demonstrated the superiority of brachytherapy in effective long- 
term outcomes [24–26].

24.3.1  LDR Brachytherapy

Brachytherapy is an ablative local approach appropriate for salvage local therapy, 
delivering a very high and conformal radiation dose to the prostate, while reducing 
exposure to the surrounding normal organs. However, re-irradiation increases the 
side effects significantly. For this reason, patients considered for salvage brachy-
therapy should have lower side effects at initial EBRT. The outcomes from salvage 
low-dose brachytherapy series are summarized in Table 24.1.

After salvage brachytherapy, the 5-year BCR-free survival rate is around 50% 
(range: 34–77%) [27–32]. However, more recent series show higher BCR-free sur-
vival rates approximately 70–75%, because of more appropriate patient selection. 
For patients with poor prognostic factors, such as prolonged prior hormonotherapy 
use, or castrate resistance, outcomes are not so favorable [33, 34].

a b

Fig. 24.2 Increased 68 Ga-PSMA ligand uptake (yellow area) representing tumors in patients 
with localized prostate cancer
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The optimal prescription dose and critical organ constraints have not been estab-
lished for salvage low-dose rate brachytherapy after prior EBRT. However, the pre-
scribed dose ranged from 110 to 145 Gy for 125-iodine implants and from 100 to 
120 Gy for 103-Paladium implants. The planned volume receiving 100% of the 
prescribed dose was 90–99%. The RTOG-0526 phase II trial on salvage low-dose 
rate brachytherapy after EBRT has completed accrual of 96 patients and will soon 
be reported. Although the planning target volume, V100 ≥98%, D90 ≤125%, and 
prescribed dose of 140 Gy with 125-I or 120 Gy with 103-Pd, were not dissimilar to 
prescription for a de novo implant, dose homogeneity requirements were very con-
servative, aiming to keep the implants “cool.” The volume of the prostate receiving 
150% of the prescribed dose (V150) was kept <45% and V200 <10%.

Acute side effects after low-dose rate salvage brachytherapy are comparable in 
nature to those after primary treatment. The genitourinary system toxicities, such as 
frequency and urgency, are the most common and return to baseline can take up to 
24–27 months [34, 35]. However, late toxicities are more frequently seen, late grade 
3 toxicities are observed in 10–25% of the cases [28, 30, 31]. Most commonly seen 
late toxicities include urethral strictures requiring dilatation or transurethral resection 
and less frequently, persistent hematuria. Although less frequent, late rectal toxicity 
may lead to greater morbidity. Grades 3 and 4 rectal toxicities are seen in 2–6% after 
salvage brachytherapy and mostly require colostomy [28, 30, 31, 36, 37].

Accurate spatial localization of recurrences enables focal salvage treatment, with 
the potential to reduce toxicity compared with whole-prostate salvage. Hsu et al. 
[38] performed focal salvage brachytherapy treatments using MRI, magnetic reso-
nance spectroscopy, and TRUS images for evaluation of the target volume in 15 
patients. Full dose was delivered to sites of recurrent disease without implanting the 
entire gland. This limited the dose to the remaining prostate, urethra, and rectum. 
After a median 24-month follow-up, there were two local failures, and the 3-year 
BCR-free survival rate was 71%. There were no ≥grade 3 gastrointestinal and geni-
tourinary toxicities, but 33% experienced grade 2 genitourinary toxicities. Peters 
et al. [39] reported results of mpMRI fused focal brachytherapy with a total of 
144 Gy prescribed to the gross tumor volume on MRI and dose constraints for the 
organs at risk were same as first brachytherapy application. The 3-year BCR-free 
survival rate was 60%, and no patients developed ≥grade 3 gastrointestinal system 
toxicity. Consequently, when compared with whole-prostate salvage, focal salvage 
brachytherapy has the potential to limit the rectal, urethral, and bladder doses and 
thereby reduce severe toxicity.

Table 24.1 Salvage low-dose rate brachytherapy series

Study (year)
Patient 
no

Median follow-up 
(months)

BCR-free 
survival CSS

Burri et al. (2010) 37 86 5 years 65%
10 years 54%

10 years 96%

Grado et al. (1999) 49 64 5 years 34% 5 years 79%
Moman et al. (2010) 31 108 5 years 20% 6 years 65%
Nguyen et al. (2007) 25 47 4 years 70%
Vargas et al. (2014) 69 60 5 years 74% 5 years 96%
Henriquez et al. (2014) 56 48 5 years 77%
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24.3.2  HDR Brachytherapy

High-dose rate brachytherapy involves the implantation of an array of treatment 
needles into the prostate under TRUS guidance. A single high-activity iridium-192 
source then negotiates each treatment catheter in turn, pausing at 3 mm intervals to 
deliver the required dose to target volumes with fraction sizes up to 19 Gy delivered 
in 15–20 min. This allows elegant control of the dose to both the target volume and 
to critical structures. Furthermore, treatment catheters can also be placed to include 
seminal vesicles and also any extracapsular extension. Although few series on high- 
dose rate brachytherapy series were reported, the efficacy seems to be equivalent to 
low-dose rate brachytherapy series, with less toxicities (Table 24.2).

Lee et al. [40] reported an estimated 2-year BCR-free survival rate of 89% in 21 
patients, and the authors reported a 14% grade 3 genitourinary toxicity, but no 
≥grade 2 gastrointestinal toxicity. Two other small series presented similar out-
comes with BCR-free survival rate of 65–71% without ≥grade 3 genitourinary and 
gastrointestinal toxicity [41, 42]. In a phase II study, Yamada et al. [43] reported a 
5-year BCR-free survival rate of 69% with single implant used in 42 patients to 
deliver 32 Gy in 4 fractions. Only three patients developed urethral stricture requir-
ing dilatation, and one patient developed urinary incontinence. A French group pre-
sented the results of focal high-dose rate salvage brachytherapy with “real-time 
transperineal ultrasound-targeted MRI/choline PET-guided brachytherapy.” They 
delivered 20 Gy in 2 fractions, with median prostate D90 value of 5.3 Gy and the 
median CTV D90 of 18.7 Gy. Among 15 patients treated, only one patient had BCR, 
but none developed acute ≥grade 2 gastrointestinal or genitourinary toxicity. 
However, median follow-up was only 11 months, so further follow-up is required to 
corroborate the outcomes.

With the growing interest in high-dose rate brachytherapy salvage, there are 
some phase I and phase II ongoing trials. The inverse treatment-planning optimiza-
tion algorithm used for high-dose rate brachytherapy treatment planning allows a 
very high conformal dose and limits the dose to surrounding organs. Guidelines for 
dose, fractionation, and organs-at-risk constraints need to be further established.

24.4  Salvage Stereotactic Radiotherapy

Stereotactic body RT (SBRT) is another technique that is being investigated for 
local or locoregional salvage with its main advantage being a noninvasive procedure 
(Figs. 24.3 and 24.4). Image guidance is used for localization before delivery of a 

Table 24.2 Salvage high-dose rate brachytherapy series

Study (year) Patient no
Median follow-up 
(months)

BCR-free 
survival CSS

Lee et al. (2007) 52 60 5 years 51%
Jo et al. (2012) 11 29 2 years 64%
Tharp et al. (2008) 7 58 71% 71%
Yamada et al. (2014) 42 36 5 years 69% 5 years 90%
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highly conformal dose to the prostate (Fig. 24.5). In a phase II study, Fuller et al. 
[44] reported the outcomes of 29 patients treated with salvage SBRT, delivering 
34 Gy in five fractions with prostate coverage and organs-at-risk constraints similar 
to those used for high-dose rate brachytherapy, using fiducial-based image guidance 

Fig. 24.3 Regional pelvic lymphatic recurrence 2 years after completion of primary prostate 
radiotherapy. The 40 Gy dose distribution delivered in five fractions encompassing left iliac lym-
phatics (orange-red area)

Fig. 24.4 Para-aortic lymphatic recurrence 36 months after completion of primary prostate radio-
therapy. The 36 Gy dose distribution delivered in 6 fractions encompassing left iliac lymphatics 
(orange-red area)
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(Fig. 24.6). With a median 24-month follow-up, the 2-year BCR-free survival was 
82%, and ≥grade 2 genitourinary toxicity rate of 18%. Although still preliminary, 
these results suggest the possibility of PSA control with this noninvasive technique. 
However, particular attention should be paid to the accuracy of the SBRT methodol-
ogy, the dosimetric parameters, and the inevitable higher integral dose compared 
with brachytherapy.

a b

Fig. 24.5 (a) Ga-68 PSMA PET demonstrating local recurrence after definitive radiotherapy 
(arrow). (b) A decrease in Ga-68 PSMA enhancement after local salvage stereotactic 
radiotherapy
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Fig. 24.6 Dose distribution of local recurrent tumor treated with a total dose of 35 Gy delivered 
in seven fractions using stereotactic radiotherapy
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 Conclusions
Management of isolated asymptomatic local failure after definitive RT remains 
challenging. Although the most frequently used option is androgen deprivation 
therapy, local salvage options should be considered for highly selected patients 
with a reasonable chance of cure and sufficient life expectancy to appreciate the 
benefits. None of the available salvage treatments stands out as superior; the 
efficacies fall within the same range with 5-year BCR-free survival approxi-
mately 50%, with different toxicity profiles. Most published series were reported 
from single center, and only a few studies have mature follow-up. Furthermore, 
there are no randomized trials comparing different modalities. The ideal candi-
date for local salvage is one with a local recurrence that is aggressive enough to 
require treatment but is still potentially curable (Table 24.3). Among nonsurgical 
alternatives for salvage, the side effect profile can potentially be improved by 
adopting a focal-targeted treatment approach. With early detection and more sen-
sitive functional imaging for tumor localization and staging, the role for local 
salvage of RT failures would expand.
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25Functional Imaging-Guided 
Radiotherapy and Radiolabelled 
Targeted Therapies in Prostate Cancer

Gokhan Ozyigit, Sezin Yuce Sari, Pervin Hurmuz, 
and Ugur Selek

Abstract
Positron emission tomography (PET) imaging using PSMA ligand is a promis-
ing radiotracer in prostate cancer. Recent trials suggest its potential role in accu-
rate staging of high-risk prostate cancer and detecting metastases and 
local-regional relapses during biochemical recurrence with 68Ga-PSMA posi-
tron emission tomography/computed tomography (PET/CT). However, the data 
related with its role in radiotherapy are still lacking. Therefore, we summarized 
our experience with 68Ga-PSMA PET/CT guided hypofractionated stereotactic 
radiotherapy in patients with oligometastatic disease after biochemical recur-
rence. Radiolabelled targeted therapies gains popularity in the management met-
astatic bone disease in prostate cancer. We particularly review the applications of 
radium-223 chloride in prostate cancer patients in the light of available clinically 
relevant data.

25.1  Ga-68 PSMA PET/CT in Prostate Cancer

Positron emission tomography/computed tomography (PET/CT) is a hybrid imag-
ing technique combining functional and morphological data. Several radiotracers 
have been used for functional imaging of prostate cancer such as 18F-choline or 
11C-choline, 11C-acetate, and 18F-FACBC. However, most of them were found to 
have low sensitivity and specificity [1–5].
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Prostate cancer cells have significantly elevated expression of specific trans-
membrane protein called prostate-specific membrane antigen (PSMA). Several 
retrospective trials demonstrated its diagnostic value compared to other tracers 
(e.g., 18F-choline, 11C-choline) [1, 6–9]. Ga-68 PSMA PET/CT was found to be 
superior in staging of particularly intermediate-high-risk prostate cancer [7]. The 
ability of Ga-68 PSMA to detect early regional lymph node metastases makes 
possible the application of salvage therapeutic approaches such as salvage lymph-
adenectomy, functional imaging-guided radiotherapy with a potentially curative 
intent [10].

On the other hand, Ga-68 PSMA are not fully specific for prostate cancer, and 
some selected reports showed its increased uptake in thyroid adenoma, Paget’s dis-
ease, schwannoma, tuberculosis, adrenal adenoma, or sarcoidosis [11–14]. 
Additionally, celiac ganglia may show a significant Ga-68 PSMA uptake, which 
may be misinterpreted as lymph node metastases [15]. PSMA overexpression has 
also been reported in glioblastoma, hepatocellular carcinoma, lung cancer, renal cell 
carcinoma, and thyroid cancer [16–20].

25.2  Ga-68 PSMA-Guided Stereotactic Body Radiotherapy 
for Oligometastatic or Recurrent Prostate Cancer: 
Hacettepe Experience

We retrospectively evaluated the treatment results of 15 prostate cancer patients 
with oligometastatic disease (Unpublished data). The term oligometastasis 
encompassed the presence of five or less metastases. RT was delivered to the 
metastatic sites in the form of either SBRT or IGRT. Median age of the patients 
was 67 years (range, 58–79). At the time of initial diagnosis, median vPSA level 
was 15.3 ng/mL (range, 5–101 ng/mL) and median total Gleason score was 8 
(range, 6–9). Most of the patients (86%) had T3 disease, two patients (13%) had 
LN, and one patient had bone metastases. As a primary treatment nine patients 
(60%) had surgery. Thirteen patients received local RT. Primary local RT doses 
were 70–76 Gy in the definitive setting and 64–70 Gy in the adjuvant setting. 
Metastases were detected with gallium- 68 PSMA in all patients after the evi-
dence of rising PSA in the follow-up. Median number of metastatic lesions was 
2 (range, 1–4); six in regional LN’s (40%), four in bone (27%), and three in 
non-regional LN’s (20%). All the patients received ADT. Only one patient 
received chemotherapy. Most frequently used dose schedules were 5 × 6 Gy 
(47%) and 5 × 7 Gy (33%). With a median follow-up of 9.5 months, all of our 
patients are alive. No treatment-related acute or late toxicities were observed. 
Although the number of patients is small and the follow-up time is short, aggres-
sive treatment of oligometastatic prostate cancer patients seems to be effective 
and safe.

We have presented our three selected cases treated with SBRT as follows:
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25.2.1  Case 1

A 65-year-old male was diagnosed with prostate cancer in 2010, when he had a 
PSA level of 9.6. Pathologic specimen after robotic prostatectomy revealed a 
T3aN0M0 adenocarcinoma with a Gleason score (GS) of 4 + 4 = 8. Perineural 
invasion was present, and surgical margins were positive. No adjuvant treatment 
was administered at that time. He was admitted to us with a rising PSA. The PSA 
level was increased to 0.3 in July 2013, and we applied 66 Gy of intensity modu-
lated radiation therapy (IMRT) in 33 fractions was administered via Novalis fol-
lowed by 1-year androgen deprivation therapy (ADT). His PSA was 1.31 in January 
2016. His Ga-68 PSMA PET/CT revealed a left parailiac lymph node (LN) of 
16 × 19 mm (SUVmax: 5.85) (Fig. 25.1). In March 2016, 35 Gy (7 Gy/day in five 
fractions) stereotactic body radiotherapy (SBRT) was administered to the left para-
iliac LN via Novalis (Fig. 25.2). On his last control in September 2016, his PSA 
was <0.005 ng/mL, and there was no evidence of disease. We observed no acute or 
late toxicity.

25.2.2  Case 2

A 59-year-old male patient with a PSA level of 38 ng/mL was diagnosed with pros-
tate cancer in 2007. His transrectal biopsy of prostate gland revealed an adenocarci-
noma with a GS of 3 + 3 = 6 with perineural invasion. His stage was cT3bN0M0. 
After 9 months of ADT, his PSA decreased to 0.19 ng/mL. Between April 2008 and 
May 2008, 70 Gy of 3D conformal RT was administered in 35 fractions. ADT was 
completed to 2 years. In October 2014, his PSA level increased to 4.3 ng/mL, and 
Ga-68 PSMA PET/CT revealed a pathologic right parailiac lymph node (LN) 
(SUVmax: 10.5) (Fig. 25.3). Between March 2015 and April 2015, 30 Gy in 5 

Fig. 25.1 Ga-68 PSMA PET/CT revealed a left parailiac lymph node (LN) of 16 × 19 mm 
(SUVmax: 5.85)
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Fig. 25.2 SBRT Plan of Case 1: 35 Gy (7 Gy/day in 5 fractions) stereotactic body radiotherapy 
(SBRT) was administered to the left parailiac LN via Novalis

Fig. 25.3 Ga-68 PSMA PET/CT revealed a pathologic right parailiac lymph node (LN)  
(SUVmax: 10.5)

G. Ozyigit et al.



403

fractions SBRT was administered to the right external iliac LN via Novalis 
(Fig. 25.4). In his last follow-up, his PSA level was 0.3 ng/mL on January 2017 with 
no evidence of disease. We observed no acute or late toxicity.

25.2.3  Case 3

A 76-year-old male was diagnosed with prostate cancer after his PSA level was 
found to be 10 ng/mL in 2011. Prostatic biopsy revealed an adenocarcinoma with a 
GS of 4 + 3 = 7. His stage was cT3bN0M0. After 3 months of ADT, 74 Gy IMRT 
was administered to the prostate and proximal seminal vesicles between June 2011 
and August 2011.

In February 2016, his PSA level increased to 5 ng/mL, and Ga-68 PSMA PET/
CT revealed recurrence in left external iliac LN (SUVmax: 5.4) (Fig. 25.5). On 
February 2016, he received 35 Gy in five fractions SBRT to the recurrent area 
(Fig. 25.6). While prostate cancer-free, he was succumbed to brain metastasis of 
small cell lung cancer in November 2016.
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Fig. 25.4 SBRT Plan of Case 2: 30 Gy in 5 fractions SBRT was administered to the right external 
iliac LN via Novalis
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Fig. 25.5 Ga-68 PSMA PET/CT revealed recurrence in left external iliac LN (SUVmax: 5.4)
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Fig. 25.6 SBRT Plan of Case 3: 35 Gy in five fractions SBRT delivered to the recurrent area
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25.3  Radiolabelled Targetted Therapy with Radium-223 
Dichloride

Radium-223 dichloride, an alpha-particle emitting radiotherapeutic drug, acts mim-
icking calcium at bone metastases with increased bone turnover in order to form 
complexes with hydroxyapatite. The Food and Drug Administration (FDA) has first 
approved radium-223 dichloride treatment, provided by Bayer HealthCare 
Pharmaceuticals Inc. (Xofigo Injection), on May 15, 2013 for the castration- resistant 
prostate cancer patients who have symptomatic bone metastases without any vis-
ceral metastasis. FDA approval was due to the randomized, double-blind, placebo- 
controlled trial randomly enrolling 541 patients to receive intravenous 50 kBq/kg 
radium-223 dichloride (1.35 μCi/kg) per month prescribed for six cycles plus best 
standard of care (local external radiotherapy, corticosteroids, antiandrogens, estro-
gens, estramustine, or ketoconazole) versus 268 patients to receive a placebo plus 
best standard of care. The interim analysis demonstrated statistically significant 
overall survival improvement with radium-223 dichloride (14 vs 11.2 months; haz-
ard ratio: 0.70; p = 0.00185) in addition to a delay benefit in time-to-first symptom-
atic skeletal event [21–25].

Radium-223 dichloride is recommended to be prescribed at a dose of 50 kBq/kg 
by a relatively slow intravenous injection approximately over 1 min administered 
every 4 weeks to a total of six doses [21–25]. The intravenous access line or cannula 
needs to be flushed with isotonic saline before and after injection. The product 
radioactivity concentration (1000 kBq/mL; 27 μCi/mL) at the reference date (single- 
use vials containing 6 mL of solution in market) is important in dose calculation as 
well as decay correction factor for physical decay of radium-223. Typical activity of 
a treatment is below 8000 kBq with low external radiation exposure due to handling 
of patient doses. As radium-223 primarily emits 95.3% of its energy as alpha- 
particles, fractions emitted as beta particles and gamma radiation are 3.6% and 
1.1%, respectively. The gamma radiation and its daughters allow for the accurate 
radioactivity measurement of radium-223 dichloride as well as the detection of 
contamination.

The major organs with highest expected absorbed radiation doses are bone 
(mainly osteogenic cells), red marrow, and upper & lower large intestine walls [21]. 
Therefore, the clinician should be aware of most common (≥10%) adverse reactions 
of nausea, vomiting, diarrhea, and peripheral edema, in addition to anemia, neutro-
penia, lymphocytopenia, leukopenia, and thrombocytopenia; while risk of bone 
marrow failure or continuing pancytopenia risks are around 2%. Hematologic eval-
uation at baseline and prior to every dose of radium-223 dichloride must be per-
formed; ensuring mandatory counts of absolute neutrophil ≥1.5 × 109/L, platelet 
≥100 × 109/L and hemoglobin ≥10 g/dL at first injection, and absolute neutrophil 
≥1 × 109/L, the platelet ≥50 × 109/L at subsequent administrations [22–25]. Though 
no inadvertent overdosing has been reported during clinical trials, it is necessary to 
know that there is no specific antidote. If there is an unfortunate inadvertent over-
dosing happens, medical counter measures such as aluminum hydroxide, barium 
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sulfate, calcium carbonate, calcium gluconate, calcium phosphate, or sodium algi-
nate can be considered in addition to general supportive measures [21–24].

Sartor et al. documented the randomized phase 3, double-blind, ALSYMPCA 
trial, which enrolled patients to receive either six intravenous injections of 50 kBq/
kg radium-223 (614 patients) or matching placebo (307 patients) [24]. Symptomatic 
skeletal events happened in 33% of radium-223 group and 38% of placebo group 
with longer time to first symptomatic event with radium-223 (median: 15.6 vs 
9.8 months; hazard ratio: 0.66; p = 0.00037). The requirement of external radio-
therapy for bone pain and spinal cord compression decreased with radium-223 in 
comparison to placebo; however, radium-223 did not significantly reduce symptom-
atic pathological bone fracture risks or tumor-related orthopedic surgical interven-
tion [25]. Therefore, radium-223 should be considered one of viable options for 
symptomatic bone metastases in case of castration-resistant prostate cancer patients.

 Conclusion
Prostate cancer cells have significantly elevated expression of specific transmem-
brane protein called prostate-specific membrane antigen (PSMA). Several retro-
spective trials demonstrated its diagnostic value compared to other tracers. Ga-68 
PSMA PET/CT is superior in staging of particularly intermediate-high-risk pros-
tate cancer. On the other hand, it should be kept in mind that Ga-68 PSMA are not 
fully specific for prostate cancer, and some selected reports showed its increased 
uptake in some benign conditions. The ability of Ga-68 PSMA to detect early 
regional lymph node metastases makes possible the application of salvage thera-
peutic approaches such as salvage lymphadenectomy, functional imaging-guided 
radiotherapy with a potentially curative intent. Radium-223 dichloride, an alpha-
particle emitting radiotherapeutic drug, acts mimicking calcium at bone metasta-
ses with increased bone turnover in order to form complexes with hydroxyapatite. 
The Food and Drug Administration (FDA) has first approved radium-223 dichlo-
ride treatment, provided by Bayer HealthCare Pharmaceuticals Inc. (Xofigo 
Injection), on May 15, 2013 for the castration-resistant prostate cancer patients 
who have symptomatic bone metastases without any visceral metastasis. 
Radium-223 should be considered one of viable options for symptomatic bone 
metastases in case of castration- resistant prostate cancer patients.
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Quality Assurance of Modern 
Radiotherapy Techniques in Prostate 
Cancer Treatment

Vildan Alpan, Yücel Sağlam, and Steven Kirsner

Abstract
Prostate cancer is one of the most prevalent malignant diseases that occur among 
men with a new case diagnosed every 2.2 min, affecting one in six men their 
lifetime. Radiotherapy has been a vital part of the treatment of prostate cancer 
with three-dimensional conformal radiotherapy (3DCRT) as the historical stan-
dard. By utilizing techniques such as intensity-modulated radiation therapy 
(IMRT) or volumetric modulated arc therapy (VMAT) with image-guided radio-
therapy (IGRT), the amount of normal tissue treated can be reduced and thus 
limit this increased toxicity. These types of treatments use the multi-leaf collima-
tor to create a sequence of small apertures to deliver a high dose to the tumor. The 
treatment plans are created so that a high dose is given to the target while keeping 
dose to organs at risk low. This requires a treatment planning system (TPS) that 
has the capabilities of inverse planning to generate such treatment fields. The 
inverse planning engine uses as input contours of the targets and OARs to gener-
ate an optimal plan. With new technologies comes a new set of quality assurance 
(QA) tasks that need to be performed to ensure that what is being planned in the 
TPS is actually what is delivered to the patient. In this chapter, we will encom-
pass the simulation, planning, and treatment of tumors located in the prostate 
region. In addition we will discuss the QA methods of each component of the 
radiation therapy process when treating tumors in the prostate region.
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26.1  Patient Simulation

26.1.1  Setup and Immobilization

Prior to beginning radiation treatment, all patients undergo a 3DCT simulation. 
A few days before CT simulation, several marker seeds are be inserted into 
prostate tumor volume. These markers help to more precisely locate prostate 
during each radiation treatment session. CT simulation allows us to visualize 
the tumor and other anatomy in 3D. CT numbers are proportional to electron 
density, which is necessary in heterogeneous dose calculation algorithms. 
Patients are brought to the simulator and positioned on the CT couch. At this 
point, immobilization devices are created to make sure that the patient can be set 
up in a reproducible position for treatment. Patient immobilization is a key com-
ponent to the radiation treatment process. Complex treatments are good only if 
they are treating the area that is intended. That includes setting the patient up in 
an accurate, reproducible, and comfortable manner for the patient so that they 
can be positioned in the exact same way each day they come for treatment. 
Patients are simulated with CT in supine position on a flat tabletop. A custom-
formed Vak-Loc bag is utilized to ensure consistent setup and stabilization. The 
bladder at time of simulation is filled to a degree that are maintainable and 
reproducible for daily treatment [1]. These immobilization devices must com-
fortably allow the patient to be positioned reproducibly each day during the 
course of radiation therapy [2–4].

26.2  Patient Planning

Historically prostate tumors were treated, with either an AP/PA beam arrangement 
and/or a series of oblique beams. Treatment plans were run utilizing manually 
 collected single contours and calculations were performed with the use of heteroge-
neity corrections. As technology has evolved, so have the treatment planning 
 strategies. Complex treatment plans using intensity-modulated radiation therapy 
techniques (IMRT) and volumetric-modulated arc therapy (VMAT) with full 
 heterogeneity corrections has now become the standard [5–7]. The advances in 
imaging techniques and delivery techniques have aided in supporting the  evolvement 
of treatment of tumors in the pelvic region. The advances in technology of imaging 
have been complemented by the improvements and advanced technology in 
 treatment delivery. The primary focus on this improved technology has been the 
advent and development of the multi-leaf collimator (MLC). IMRT and VMAT 
 utilize the MLC on the linear accelerator to create small and complex beam  apertures 
to deliver a high dose to the target while minimizing dose to surrounding tissues. 
These delivery methods are now standard of care for patients with prostate cancer 
and other pelvic malignancies. All of these advanced delivery techniques require a 
treatment planning system that can perform accurate dose calculations utilizing full 
heterogeneity corrections.
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26.3  Consideration of Tumor Margins During the Planning 
Process

The type of imaging modality used at simulation, the treatment method to be used, 
the amount of tumor motion, and setup uncertainties should dictate the size of the 
margins placed on the tumor volume when generating the treatment plan. These 
margins are necessary to account for the fact that the tumor is not in the exact posi-
tion it was at simulation for the reasons described above. Accounting for these 
uncertainties and/or tumor motion will ensure that the tumor will receive the full 
prescribed dose. ICRU 62 [8] describes a series of target volumes that are generated 
during the planning process. The first of which is the gross tumor volume (GTV), 
which is the gross disease visible on the CT data set. The clinical target volume 
(CTV) is generated by adding a margin around the GTV to account for microscopic 
disease that is not visible on the CT scan. An internal margin (IM) is added to the 
CTV to account for tumor and physiological motion to generate the internal target 
volume (ITV). Finally, expanding the ITV by a margin to account for geometric 
uncertainties in treatment generates the planning target volume (PTV).

Similar to the imaging process, the type of treatment and the immobilization 
devices used will also play a role in how treatment margins will be used to generate 
the PTV [9–11]. If margins are going to be reduced during the planning process, an 
increase in the imaging used to verify this reduced margin. The use of daily setup 
verification images will become necessary.

26.4  Practice of Plan Quality Evaluation

It is the physician’s responsibility to make clinical decisions regarding plan genera-
tion and plan evaluation. Upon completion of the treatment planning process, it is 
the physicist’s responsibility to ensure the overall quality of the treatment plan [12]. 
This involves several tasks, (1) overall physics evaluation of the treatment plan, (2) 
evaluation of planning criteria and dose volume constraints, and (3) independent 
verification of the dose calculation.

To evaluate the plan from a physics perspective, one must understand the limita-
tions of the dose calculation algorithm. While this is not a comprehensive list of 
questions to ask for each treatment plan, the following provide examples of what 
should be evaluated as part of a physics plan check. Is the proper dose prescribed by 
the physician displayed on the CT slices in the treatment plan? Is the proper dose 
per fraction and number of fractions correct along with the correct energy? Is the 
dose normalization point located within the beam apertures and positioned where 
there is electronic equilibrium? Are the beams entering the patient on an overly 
sloped surface? Are the beam apertures sufficiently sized or overmodulated to 
ensure an accurate dose calculation? Was the correct CT data set used for dose com-
putation? Were heterogeneous dose calculations used? These by no means are a 
complete list of items to look for, but it is the physicist’s responsibility to ensure that 
what is generated by the TPS accurately depicts the intentions of the directives 
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given by the physician. Published DVH criteria are available for reference [13]; 
however, an institution may wish to develop and implement their own set of DVH 
criteria. In this case these criteria must be spelled out in the treatment planning 
directives. While there are circumstances where the DVH criteria may not be met, 
good clinical practice should include a review of the DVH constraints of each plan 
that is generated. If a DVH criteria is outside of those used in clinical practice, this 
should be discussed with the physician before the initiation of treatment.

26.5  TPS Dose Calculation Verification

Generating a treatment plan that is an accurate representation of what the linear 
accelerator can actually deliver first requires accurate imaging information and sec-
ondly requires accurate beam modeling. Validating the treatment planning system’s 
beam model is a critical component to the radiotherapy process [14, 15]. This task 
is completed prior to the release of the treatment planning for use in the clinical 
environment. A major component of the beam model verification and commission-
ing involves the verification of the dose computation algorithm [16, 17]. For static 
beams, common practice is to perform a hand calculation of the monitor unit set-
tings based on basic machine parameters, percent depth doses (PDDs) or tissue- 
maximum ratios (TMRs), output factors, inverse square correction, etc. This can be 
done either manually or with the use of automated software to perform such tasks. 
For more complex delivery techniques such as IMRT or VMAT deliveries where 
many irregularly shaped beam apertures are used in the patient’s treatment, mea-
surements should be performed by delivering actual treatments planned with the 
linear accelerator. Several software vendors make products that can compute dose 
for IMRT and VMAT fields as a second check on the MU settings and the dose 
delivered. Once the commissioning of the beam modeling process is complete a 
routine QA program should be implemented. This comprehensive QA program 
should verify that the treatment planning system continues to perform as it did at the 
time of acceptance and commissioning of the system. The initial commissioning of 
the system as well as the QA program should include the following: (1) verification 
that the CT to density table is generated properly, (2) the TPS is able to accurately 
compute dose to simple and complex geometry fields as compared with measured 
data, (3) output factors generated by the TPS are accurate, (4) the contouring tools 
still perform accurately, (5) DVH generation remains accurate, and (6) data transfer 
to the record and verify system maintains the integrity of the intended treatment 
fields. These tests should be performed on a routine basis and are particularly impor-
tant after an upgrade to the TPS software is made. Finally, in all cases, every patient 
and independent check of the treatment plan should be performed. This can be done 
with simple manual calculations of MU settings for simple cases. These manual 
calculations are prone to errors in that a typical photon beam in the prostate cavity 
traverses different areas of density often traveling between areas having different 
densities. In addition, irregularly shaped, small fields will lead to in accurate hand 
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calculation of MU settings. Recently, secondary check software programs have 
been developed that are capable of a full 3D heterogeneous dose calculation. Such 
systems similar to the TPS will perform a full 3D dose calculation and indepen-
dently compute the MU settings. These systems can provide information on both 
MU and dose calculations as well as DVH information. Such comprehensive sys-
tems are a valuable tool in verifying the TPS dose calculation [18, 19].

26.6  Patient-Specific QA

One of the most important part of prostate treatment with IMRT or VMAT is 
patient- specific QA. IMRT and VMAT treatment techniques have highly 
 conformal dose distributions though MLC shape, gantry speed, and dose rate. 
Patient-specific QA is required to deliver the actual dose with accuracy [20]. 
There are several methods for patient-specific QA. Generally routine QA method 
for plan verification is done on a LINAC in a specific phantom using small volume 
ion chamber and an electrometer to measure the absolute dose or film dosimetry 
for relative dose [21]. Also two dimensional array (2D) and electronic portal 
imaging devices (EPID) which is known as portal dosimetry are used for perform-
ing patient- specific QA. New-generation EPID systems has amorphous silicon 
detectors. This system uses the portal imager to acquire fluence patterns of the 
patient treatment fields [22]. This data can be used to compute the dose and com-
pare it to the TPS [23]. Recently, three-dimensional (3D) verification system 
which provide patient anatomical structure information is being start to use for 
patient-specific QA. These system captures the log files generated from the treat-
ment machine and compute dose to the patient CT data set, which can be com-
pared to the dose computed in the TPS.

These systems have advantage and disadvantage. Single-ion chamber is advanta-
geous in terms of availability in different shapes and sizes, good dosimetric response, 
absolute dose measurement and easy calibration. It is a disadvantage in terms of 
measurement in a single-point measurement. Generally, single-ion chamber is used 
with film measurement. Films advantages are excellent spatial resolution and 
cheaper than other dosimetric systems. But it depends on the film processor and 
storage conditions. Also it may vary from one batch of film to another. EPID can be 
accounted for at different gantry angles and needs no processor, and data acquisition 
takes less time. EPID provides good spatial resolution like film. But its resolution 
depends upon MV detector which needs to be properly calibrated [22].

Ion chamber, film, and 2D diode array measurements are direct measurement 
methods [24]. Log file in order to 3D QA methods is not direct measurement 
method. Log file-based IMRT and VMAT QA systems take the log files of the treat-
ment machine [25–27]. These systems compute dose using an independent com-
puted algorithm. These systems provide 3D dose comparison as computed on a 
heterogeneous data set. Also IMRT and VMAT QA can detect data transfer errors 
or data errors comes from the TPS to the treatment machine.
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26.7  Patient Setup and Delivery

26.7.1  Setup and Pretreatment Imaging

We can deliver higher radiation doses than conventional radiation treatment meth-
ods to the prostate treatment with IMRT or VMAT. (The margin given to planning 
target volume can be reduced while significantly minimizing dose to normal 
structures.)

The prostate gland’s position is affected by changes in the bladder or rectum. Its 
position may change depending on whether bladder is full or empty or rectum filling 
with gas. Changes of the prostate gland’s localization causes to geographic miss.

To reduce the risk of geographic miss, we make sure that the patient position on 
the couch is the same as that in the simulation and planning process to guarantee 
that dose is delivered accurately. An image guidance system is used to reduce setup 
uncertainties and allows correcting the target localization.

Image guidance radiotherapy systems are used cone beam computer tomography 
(CBCT), MV imaging (EPID), transabdominal ultrasound, tracking of implanted 
gold fiducial markers, and orthogonal planar KV imaging for verify the prostate 
daily before treatment [28–30].

Electronic portal imaging modality uses low-energy photon beam to image the 
patient in the treatment position. The electronic portal imaging panel used to take 
the image from the transmission photons through the patient. Open field and treat-
ment fields images combination is used to verify the patient positioning before the 
treatment.

For kV imaging, a kilovoltage (kV) X-ray and detector are mounted to the linear 
accelerator. For verification, AP and lateral images are taken with kV tube and used 
to verify patient setup before the treatment. Same time, kV imaging systems is used 
to acquire a cone beam CT (CBCT). CBCT images are taken using a flat panel 
detector by rotation of a kV source mounted on the linear accelerator. Obtained 3D 
images is used for verification of patient setup. CBCT is good choice for IGRT 
because it is taken high-resolution images of the target. Also CBCT provides infor-
mation about the shape and location of organs at risk such as the bladder and rec-
tum. However, it takes longer time than (2D) portal imaging (EPID) or orthogonal 
planar kV imaging.

Prostate localization using fiducial markers is increasing. Gold fiducial markers 
are placed inside the prostate before the simulation process. It is contoured on the 
planning system. After cone beam CT (CBCT), the fiducial markers are matched to 
a reference CT [31–33].

Ultrasound (US) imaging for prostate radiation therapy localization was used 
in the late 1990s. Its advantages are its ability to detect soft tissue targets, low 
cost, noninvasive process, and portability [9, 10]. But image quality depends on 
the user’s experience, and the differences in localization can be sown by different 
users [34–37].
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Electromagnetic transponders are the first localization system to provide objec-
tive localization. Electromagnetic transponders implanted within the prostate is 
used for prostate localization. Three transponders implanted in the prostate are 
detected as electromagnetic. Monitoring of the prostate position follows after radia-
tion therapy. Electromagnetic transponders provide user-independent method of 
localizing the prostate gland in patients. However, it gives no information about the 
target or organs at risk [38].

26.8  End-to-end Testing of the Treatment Process

End-to-end test of the system should be done before starting treatment of the 
prostate. Each component of the treatment process should be checked. All imag-
ing system, treatment planning, and recording and verification systems should 
be checked if working. For this purpose, phantom images are acquired from the 
CT scan, sent to treatment planning system, planned, and sent to recording and 
verification system. Before the treatment, phantom is placed on the treatment 
couch, CBCT and kV images are taken, and the phantom setup and treatment 
delivery are verified. If all system works, second end-to-end system should be 
created independently to evaluate the treatment process. Phantom sent from 
independent center is simulated, generated plan and treatment delivery. Then, 
phantom is sent back to the independent center, and it is evaluated and final 
result is sent back to the site.

 Conclusion
One of the most important part of prostate treatment with IMRT or VMAT is 
patient- specific QA. IMRT and VMAT treatment techniques have highly confor-
mal dose distributions though MLC shape, gantry speed, and dose rate. To be 
able to deliver the actual dose with the planned accuracy, patient-specific QA is 
required. There are several methods for patient-specific QA. Generally routine 
QA method for plan verification is done on a LINAC in a specific phantom using 
small volume ion chamber and an electrometer to measure the absolute dose or 
film dosimetry for relative dose. Also two-dimensional array (2D) and electronic 
portal imaging devices (EPID) which is known as portal dosimetry are used for 
performing patient- specific QA. New-generation EPID systems have amorphous 
silicon detectors. This system uses the portal imager to acquire fluence patterns 
of the patient treatment fields. This data can be used to compute the dose and 
compare it to the TPS. Recently, three-dimensional (3D) verification system 
which provide patient anatomical structure information is being start to use for 
patient-specific QA. These systems capture the log files generated from the treat-
ment machine and compute dose to the patient CT data set, which can be com-
pared to the dose computed in the TPS.
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27Radiation-Induced Toxicity and Related 
Management Strategies in Urological 
Malignancies

Sezin Yuce Sari, Melis Gultekin, Pervin Hurmuz, 
Gozde Yazici, Fadil Akyol, and Gokhan Ozyigit

Abstract
The lower abdomen and pelvis encompass several organs at risk (OAR), some of 
which are vital and are inevitably affected during radiotherapy (RT). In this chap-
ter, the contouring recommendations and dose-volume constraints of the rectum, 
bowel bag (i.e., the whole small and large bowel together with their meso), uri-
nary bladder, penile bulb, proximal femurs, and sacral plexus will be discussed 
in order to spare these OARs as much as possible during the RT of urological 
malignancies. Among these OARs, the bowel bag, penile bulb, and sacral plexus 
are serial organs in which the maximum point dose affects the function of the 
whole organ. On the other hand, the rectum, bladder, and femurs are in a parallel 
structure for which the mean dose to a specific volume is more important than the 
maximum dose. In order to interpret the dose-volume histograms (DVH) pre-
cisely, the accurate delineation of OARs is crucial.

27.1  Rectum and Sigmoid Colon

Dose-volume constraints in this chapter have been derived from the studies of 
Emami, Radiation Therapy Oncology Group (RTOG) protocols and guidelines, and 
the reviews of Quantitative Analyses of Normal Tissue Effects in the Clinic 
(QUANTEC). The most commonly used scoring systems for toxicity are the RTOG 
scoring criteria and the Common Terminology Criteria for Adverse Events (CTCAE) 
(Cox et al., Int J Radiat Oncol Biol Phys 31:1341–6, 1995; Program CTE. Common 
Terminology Criteria for Adverse Events. Version 4.0. Washington, DC: Division of 
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Cancer Treatment and Diagnosis, National Cancer Institute, National Institutes of 
Health, Department of Health and Human Services, 2009).

27.1.1  Contouring

The RTOG has reported recommendations on the delineation of the anorectum 
and sigmoid colon in their “Pelvis Normal Tissue Consensus Contouring 
Guidelines” [3]. They recommend marking the anal verge with a radiopaque 
marker at the time of simulation and delineating the anorectum from this point at 
the inferior until the rectum loses its round shape in axial images at the superior 
and becomes elongated where it is connected to the sigmoid at the anterior. 
However, the rectum is usually delineated alone while treating genitourinary 
(GU) tumors (Fig. 27.1). In this case, the authors define the inferior border of the 
rectum as the level where the levator muscles fuse with the external sphincter 
muscles or where the mesorectal fat/space can no longer be seen. When the rec-
tum is present in the bowel bag in axial slices, it should be included into the bowel 
bag as a part of it. Otherwise, it should be excluded from the bowel bag. The 
sigmoid colon ends before it connects to the ascending colon laterally.

The QUANTEC data also recommend the superior border as the rectosigmoid flex-
ure and inferior border as the level of the anal verge, the level of or 2 cm below the 
ischial tuberosities or above the anus which is the caudal 3-cm part of the intestines [4]. 
The authors start the delineation of the rectum from the superior portion of the anal 
verge at the inferior until the sigmoid colon curve moving anteriorly is seen at the supe-
rior. In some studies, the superior and inferior border of the rectum was recommended 
to be 1 cm below and above the target volume or treatment fields, respectively. The 
rectum should be empty at the simulation process in order to prevent systematic errors 
in the planning target volume (PTV) coverage. The whole anorectal wall should be 
outlined in the OAR contouring [5]. Some authors delineate the rectum together with 
its perirectal contents [6, 7]. In the study of Peeters et al. [8], it was shown that the DVH 
of the anorectal wall reflected the risk for rectal bleeding and high stool frequency, 
whereas the DVH of distal 3 cm of the anal canal wall was better associated with the 
risk of fecal incontinence. It should not be forgotten that the rectum can move inter- and 
intra-fractionally due to rectal filling, intestinal gas, and bladder filling.

27.1.2  Dose-Volume Constraints and Toxicity

Acute rectal toxicity can occur during or soon after RT presenting as pain, diarrhea, rectal 
distention, cramping, and superficial ulceration. Late toxicity generally occurs years after 
RT and is presented with rectal stricture, diminished compliance, frequent bowel move-
ments, and even fecal incontinence in case of anal musculature damage. The severity of 
these toxicities varies and somewhat affects the quality of life (QOL) of the patient.

It should be kept in mind that elder patients with comorbidities such as diabetes, 
inflammatory bowel disease, or prior abdominal surgery are at increased risk of 
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Fig. 27.1 Delineation of the rectum
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rectal toxicity [9–12]. Furthermore, in the RTOG 9406 trial, the rate of rectal toxic-
ity was reported to increase with larger PTV [13]. Additionally, patients that observe 
severe acute rectal toxicity are also more susceptible to late toxicity [12, 14]. 
Therefore, managing the symptoms of acute rectal toxicity can decrease the rate of 
late toxicity.

Studies mostly reported late grade ≥2 rectal toxicity with doses over 60 Gy to 
the full length of the rectum, and it is rare with doses ≤45 Gy in conventional 
fractions. The routinely recommended volumes for the rectum as an OAR for 
three- dimensional (3D) treatment planning are V50 <50%, V60 <35%, V65 <25%, 
V70 <20%, and V75 <15%. These constraints decrease the risk of grade ≥2 late 
rectal toxicity to <15% and grade ≥3 late rectal toxicity to <10% for prescriptions 
up to 79.2 Gy in conventional fractions [4]. Higher doses are more related to the 
development of rectal toxicity; therefore, decreasing the V70 and V75 is more effi-
cient than decreasing the V50 or V60. In IMRT treatment, low to intermediate dose-
volume constraints are better achieved, and the rectal toxicity is expected to be 
lower [15].

The RTOG keeps the 50% volume of the rectum <55 Gy in the ongoing 0712 
trial on bladder cancer; 50% <50 Gy and 25% <66.6 Gy in the ongoing 0621 trial 
on prostate cancer; 50% <60 Gy, 35% <65 Gy, 25% <70 Gy, and 15% <75 Gy in the 
ongoing 0415 trial on prostate cancer; and 55% <40 Gy and 35% <65 Gy in the 
ongoing 0534 trial on prostate cancer. In the RTOG 0631 trial on spine stereotactic 
body RT (SBRT), the maximum dose to the rectum is recommended 18.4 Gy and 20 
cc <14.3 Gy with a single fraction of 16 Gy [16].

Higher doses to a large volume of the rectal wall increase the toxicity risk. Storey 
et al. [17] reported 37% risk of grade ≥2 rectal toxicity in prostate cancer patients 
that received at least 70 Gy to >25% of the rectal wall, whereas the risk was reduced 
to 13% in patients that received the same dose to <25% of the rectal wall. In the 
update of this study, the incidence of grade 2 rectal toxicity was 46% and 14% in the 
respective patients [18]. Zelefsky et al. [15] reported the 10-year rate of grade ≥2 
rectal toxicity 9% in patients with prostate cancer. Although higher total doses were 
administered via intensity-modulated RT (IMRT), rectal toxicity was observed sig-
nificantly lower in patients that received IMRT compared to patients that received 
3D conformal RT (5% vs. 13%).

When rectal abnormalities are identified on endoscopic imaging in a patient that 
received RT, the cause is most likely this treatment. Biopsy should not be per-
formed in this case because of the risk of chronic infection, delayed healing, and 
ulceration. It should also be kept in mind that colonoscopy should be postponed 
until 1 year after pelvic RT if there is no urgency for it. Acute rectal bleeding is 
usually self- limited. However, 3–10% of patients may require medical manage-
ment with anti- inflammatory suppositories and antibiotics. In severe cases endo-
scopic coagulative therapies or even surgical diversion can be administered. Initial 
treatment for late radiation proctitis is the same as for acute proctitis. If the symp-
toms and rectal bleeding persist, laser treatment of rectal telangiectasis or ulcers is 
frequently beneficial. If conservation management fails, a colostomy may be 
required.
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27.2  Bowel Bag

27.2.1  Contouring

The RTOG recommends delineating the bowel bag from the most inferior bowel 
loop at the inferior or above the rectum, whichever is most inferior [3]. If the rectum 
enters the bowel bag at any slice in axial images, it should be included into the 
bowel bag. Delineation of the bowel at each slice is strongly recommended as the 
bowel is highly mobile except for the duodenum and regions with postsurgical 
adhesions. A prone position with a belly board can reduce the volume of small 
bowel receiving high dose (Fig. 27.2) [19].

Fig. 27.2 Delineation of the bowel bag (intestines)
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All muscles, bones, and other organs in the abdomen and pelvis should be 
excluded while delineating the bowels [3]. However, these organs can be left inside 
if the treatment planning system (TPS) does not allow subtraction. Using an oral 
contrast 30 min prior to scanning in order to distinguish the small bowel (i.e., the 
loops containing contrast) from the colon, vessels, and lymph nodes is also 
recommended.

27.2.2  Dose-Volume Constraints and Toxicity

Radiotherapy can cause mucositis in the small bowel in 1–2 weeks and can be pre-
sented as cramping and diarrhea. Late complications of RT often occur within 3 
years and include persistent diarrhea, ulceration, obstruction, fistula, bleeding, and 
fibrosis which may require emergency surgery. Malabsorption of nutrients can also 
be observed in the long follow-up. Following the treatment of initial complications, 
patients are at risk for other complications for their whole life.

Emami et al. estimated the 5% risk of toxicity at 5 years (TD5/5) and 50% risk at 5 
years (TD 50/5) for 1/3 of the small-bowel irradiation 50 Gy and 60 Gy and for the 
whole organ 40 Gy and 55 Gy, respectively [20]. It has clearly been shown that con-
current chemotherapy significantly increases the risk of acute small-bowel toxicity 
[21–23]. Larger RT fields also negatively affect the rate of toxicity; para-aortic irra-
diation significantly increases the risk compared to pelvic irradiation [24]. Although 
some studies reported reduced toxicity rates with preoperative RT compared to post-
operative RT, Birgisson et al. reported the opposite after a long follow- up [25–28]. 
As a conclusion, the rate of late severe small-bowel toxicity was reported 2–9% with 
50 Gy in conventional fractionation and 25 Gy in 5 fractions to a partial volume.

The QUANTEC recommends keeping the volume of small bowel receiving 
≥15 Gy <120 cc when bowel loops are delineated [29]. On the other hand, if the entire 
volume of peritoneal space is delineated, the volume receiving >45 Gy should be 
<195 cc. Keeping the volume of small bowel that receive higher doses as little as pos-
sible is also important. The RTOG recommends the percentage volume of the small 
bowel receiving ≥52 Gy should be 0 in the treatment of prostate cancer [30]. In RTOG 
0529 for anal cancer and the ongoing RTOG 0822 for rectal cancer, the maximum 
dose to the small bowel is recommended <50 Gy [31]. RTOG 0529 also recommends 
keeping the 200 cc of the small bowel <30 Gy, 150 cc <35 Gy, and 20 cc <45 Gy.

When SBRT is to be applied, different constraints have been recommended for 
varying number of fractions. Three patients observed severe small-bowel toxicity in 
a SBRT study on liver metastasis, and all three patients received 30 Gy in 3 fractions 
[32]. The rate of duodenal ulcer was 12.5% in patients treated with 45 Gy conven-
tional RT followed by a single fraction of 25 Gy SBRT for pancreatic cancer [33]. 
In another study on pancreatic cancer with 25 Gy in a single fraction, the rate of 
toxicity increased when the volume of small bowel receiving >12.5 Gy was >30 cc 
[34]. If SBRT is administered, QUANTEC recommends the volume receiving 
>12.5 Gy should be <30 cc in a single fraction, and the maximum point dose should 
be kept <30 Gy in 3–5 fractions [29].
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27.3  Urinary Bladder

27.3.1  Contouring

The delineating of the urinary bladder as an OAR is the least challenging issue as it 
can easily be identified in the computed tomography (CT) images (Fig. 27.3). The 
RTOG recommends delineating the bladder “inferiorly from its base to superiorly to 
its dome” [3]. When there is contrast in both the bladder and small bowel, analyzing 
the coronal and sagittal views is recommended in order to distinguish the dome of the 
bladder from the bowel [3]. The trigone is more difficult to identify on CT images 
though. While some authors recommend delineating the entire bladder together with 
the urine inside, others only contour the bladder wall alone excluding the urine [35].

Fig. 27.3 Delineation of the urinary bladder
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The most important problem about the delineation of the bladder is that it is 
highly distensible, and it can move with respiration, bowel filling, or positioning. 
Many patients cannot undergo RT with a constant bladder volume in every fraction. 
Studies reported that the bladder (and the tumor) can move up to 4 cm and its vol-
ume can vary up to 44% [36, 37]. The QUANTEC offers a “SimDVH” which is the 
bladder volume in a single CT image, to underline that a true dose distribution for 
the bladder cannot be obtained [35].

27.3.2  Dose-Volume Constraints and Toxicity

Radiotherapy-related acute toxicity such as dysuria, frequency, urgency, and hema-
turia usually resolves within a few months. Late toxicity includes long-term above-
mentioned symptoms and may even be more severe with contracture, spasm, 
reduced flow, incontinence, fistula, obstruction, ulceration, and necrosis. These 
symptoms can also be originated from the urethra. Late toxicity occurs more fre-
quently in patients that suffered acute toxicity during RT and that had GU morbidity 
or intervention prior to RT [38, 39]. Green et al. reported the incidence of inconti-
nence 5% with transurethral prostate resection (TURP) before definitive RT com-
pared to 1% in patients without TURP [40]. Hypofractionation, older age, hormonal 
therapy, and concurrent chemotherapy also increase the rate of grade ≥2 toxicity 
[41–43]. However, 65 Gy to the tumor concurrently with cisplatin was reported to 
not increase the rate of long-term urinary toxicity [44].

In patients with bladder cancer, the whole bladder dose varies between 40 and 
69.4 Gy and the partial bladder dose 12–57.5 Gy leading to severe toxicity rate of 
0–31% [43, 45–49]. In prostate cancer trials, on the other hand, severe toxicity rate 
was 13–20% after treatment doses of 78–81 Gy [15, 50]. The QUANTEC recom-
mends the dose limits in the ongoing RTOG 0415 trial which are the volume receiv-
ing >80 Gy should be under 15%, >75 Gy under 25%, >70 Gy under 35%, and 
>65 Gy under 50% [35].

27.4  Penile Bulb

27.4.1  Contouring

The RTOG recommends delineating the portion of the bulbous spongiosum of the 
penis immediately inferior to the GU diaphragm, and not extending this structure 
anteriorly into the shaft or pendulous portion of the penis (Fig. 27.4) [3]. The authors 
state that the penile bulb is best visualized with T2 magnetic resonance imaging 
(MRI) or CT with contrast in the urethra as an oval-shaped structure posterior to it 
[51]. It is surrounded with the crura, corpus spongiosum, and the levator ani muscle. 
It is the most proximal portion of the penis just inferior to the prostate. Common 
errors in the delineation of the penile bulb include contouring it anterior to the ure-
thra or symphysis pubis; too small in diameter; not round but triangular, trapezoidal, 
or rectangular in shape; too anteriorly; or too superior and close to the prostatic apex.
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27.4.2  Dose-Volume Constraints and Toxicity

The penile bulb itself is not a part of the erectile apparatus but an anatomic surrogate 
for periprostatic tissue likely to receive high doses of RT. Erectile dysfunction (ED) 
has an incidence of 24% after brachytherapy (BT), 40% after BT and external RT 
(ERT), and 45% after ERT alone [52]. However, it can also occur with increasing 
age, previous pelvic surgery, hormonal therapy, and comorbidities such as diabetes, 
hypertension, and atherosclerotic heart disease [39, 53, 54]. Therefore, it is not easy 
to attribute ED to RT alone. The RT dose and irradiated volume of the penile bulb 
are also effective in the development of ED [55]. The potency rate decreases gradu-
ally in time [56].

Fig. 27.4 Delineation of the penile bulb
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The International Index of Erectile Function (IIEF) can be used to assess ED 
[57]. Fisch et al. [58] reported the rate of ED 0%, 80%, and 100% in patients whose 
D70 is 0–40, 40–70, and >70 Gy, respectively. Mangar et al. [53] showed that the risk 
of ED significantly increases when the D90 is ≥50 Gy. Wernicke et al. [55], on the 
other hand, reported an increased risk of ED when the D30 is ≥67 Gy, D45 ≥63 Gy, 
D60 ≥42 Gy, and D75 ≥20 Gy. Roach et al. [59] found that a median dose of 52.5 Gy 
to the penile bulb significantly increased the rate of ED.

Based on the studies stated above, the QUANTEC recommends limiting the 
mean dose to 95% of the penile bulb volume <50 Gy [60]. They also offer keeping 
the D70 <70 Gy and D90 <50 Gy. In case of ED development after RT, sildenafil 
administration significantly improves erectile function [61].

27.5  Proximal Femurs

27.5.1  Contouring

The proximal femurs are contoured beginning at the lowest level of bilateral ischial 
tuberosities at the inferior to the top of the ball of the femur, including the trochan-
ters at the superior (Fig. 27.5) [3]. Common errors in the delineation of proximal 
femurs include only contouring the ball of the femoral head, not contouring inferi-
orly to the lowest level of the ischial tuberosities, contouring unnecessarily below 
the ischial tuberosities, not contouring the trochanters, not conforming to the round 
shape of the ball of the femur or drawing it too large or small, and using the auto- 
threshold contouring tools in the TPS and not editing the resulting errors.

27.5.2  Dose-Volume Constraints and Toxicity

Increased dose to the femoral head and neck can result in fractures and even necro-
sis at a long-time follow-up. Patients usually complain about persistent low back 
pain. Cigarette smoking, osteoporosis, concurrent chemotherapy, and RT dose 
increase the risk of toxicity [62]. The per-patient incidence of femoral neck fracture 
was found 4.8% with a cumulative incidence of 11% at 5 years and 15% at 10 years 
in gynecological cancer patients that received 45–63 Gy pelvic and inguinal RT 
[62]. In another trial, the rate of insufficiency fracture was 1.7% in median 12 
months in patients with cervical cancer that received 50.4–55.8 Gy ERT followed 
by 24 Gy BRT [63]. In the ongoing RTOG 0529 trial on anal cancer, 50% of the 
volume is recommended to be <30 Gy, 35% <40 Gy, and 5% <44 Gy. In the ongoing 
RTOG 0822 trial on locally advanced rectal cancer, 40% of the volume is kept 
<40 Gy and 25% <45 Gy, and mean dose <50 Gy. In the RTOG 0712 trial on bladder 
cancer, the mean dose is recommended <45 Gy. Another RTOG recommendation is 
also keeping the 5% volume <50 Gy [30].

It should be kept in mind that insufficiency fractures can be misdiagnosed as 
metastases on positron emission tomography (PET)/CT. If insufficiency fracture 
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occurs, it usually resolves within a year with nonsteroidal anti-inflammatory drugs 
and rest. In unresponsive cases, sacroplasty can be applied.

27.6  Sacral Plexus

27.6.1  Contouring

Yi et al. published a study on the delineation and dose distribution of the lumbosa-
cral plexus in patients with rectal and anal canal cancers treated with IMRT [64]. 
They recommended delineating the lumbosacral plexus (LSP) from L4-L5 verte-
brae interspace at the superior to the level of the sciatic nerves at the inferior using 

Fig. 27.5 Delineation of the proximal femurs
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the psoas, iliacus, piriformis, obturator internus and gluteus maximus muscles, 
common and internal iliac vessels, and adjacent vertebral bodies and sacral bones as 
landmarks. According to the authors, the entire lumbar foramina should be con-
toured at the L4 and L5 levels, the L4 root by including the space defined by the 
psoas muscle at the anterior and lateral and the facet joint/posterior vertebral body 
elements at the posterior, and the L5 root using the common iliac vein and psoas 
muscle at the anterior, the iliacus muscle at the lateral, and the vertebral body and 
sacrum at the posterior (Fig. 27.6). Below this level, they recommend the sacroiliac 
joint as the lateral border. When it comes to the sacral level, the borders are the iliac 
vessels at the anterior, the iliacus muscle and sacroiliac joint at the lateral, the sacral 

Fig. 27.6 Delineation of the sacral plexus (cyan: psoas muscle, blue: piriformis muscle, magenta: 
iliacus muscle)
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ala at the posterior, and the medial border of the S1 foramen at the medial. At the 
level of the origin of the piriformis muscle, the LSP should be delineated with bor-
ders of the iliac vessels at the anterior, the iliacus muscle and iliac wing at the lat-
eral, and the piriformis muscle at the posterior. At the lower margin of the greater 
sciatic foramen, the borders of the LSP are the obturator internus muscle and ischial 
spine at the anterior, the piriformis muscle at the lateral, the gluteus maximus mus-
cle at the posterior, and the medial border of the obturator internus muscle at the 
medial. Below the pirifomis muscle, they recommend delineating the space between 
the obturator internus muscle at the anterior and the gluteus maximus muscle at the 
posterior and extending the medial and lateral borders by 1–2 cm. They recommend 
ending the delineation of the LSP at the level of the superior border of the femoral 
neck at the inferior.

Fig. 27.6 (continued)
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27.6.2  Dose-Volume Constraints and Toxicity

Radiation-induced lumbosacral plexopathy is a rare condition that can occur in 
patients treated for pelvic tumors with doses of 60–67.5 Gy with an incidence of 
1–7% [65, 66]. It presents with lower extremity pain, weakness, dysesthesia, and 
numbness, and can lead to paresis, paralysis, and urinary and/or fecal incontinence 
[64]. The risk significantly increases when the LSP receives >70–79 Gy [67]. Tunio 
et al. [68] reported 8% incidence of lumbosacral plexopathy in cervical cancer 
patients treated with 50.4–59 Gy ERT with concurrent chemotherapy followed by 
21 Gy BRT. They found the Dmean and Dmax to be 52.9 Gy and 59.6 cGy and V40, V50, 
V55, and V60 61.8%, 44.4%, 8%, and 1.8% in patients with RT-induced plexopathy, 
respectively, and all these were significantly associated with the development of this 
toxicity, together with point doses >50 Gy. The ongoing RTOG 0631 trial on spine 
SBRT recommends the mean dose <18 Gy and 5 cc of the LSP <14.4 Gy with a 
single fraction of 16 Gy.

It is important to distinguish this toxicity from tumor recurrence. Thomas et al. 
[69] reported that while leg weakness occurs earlier in radiation-induced plexopa-
thy, pain was the initial symptom in tumor recurrence. In parallel with this finding, 
electromyographic abnormalities are more frequently seen in patients with radiation- 
induced plexopathy. If neurologic deficit develops, it is irreversible and there is no 
effective therapy other than supportive care.

Conclusion
Most data in the literature of RT toxicity in GU cancers are based on conven-
tional fractionation. Data on advanced RT techniques have been accumulated. It 
is important to apply the recommended dose-volume constraints in order to mini-
mize toxicity.
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