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1Introduction

Yoichi Arai and Osamu Ogawa

Abstract
This comprehensive reference expounds the current state of hormone therapy 
and castration resistance of prostate cancer. Prostate cancer is the most  commonly 
diagnosed malignancy in men of Western countries. Previously, its incidence in 
Northeast Asia including Japan had been considered to be relatively low, but it 
has been dramatically increasing in recent years. Based on the Cancer Information 
Service of the National Cancer Center, there were 98,400 estimated new cases of 
prostate cancer in 2015, making the disease the leading cancer in Japanese men. 
Although most of the new cases are diagnosed in early stages, a significant pro-
portion of patients receive hormone therapy for metastatic disease or for relapse 
after local treatment. Thus the situation has gradually changed toward earlier and 
longer use of hormone therapy. The malignancy will finally form castration-
resistant prostate cancer (CRPC) despite the lack of testicular androgen.

This comprehensive reference expounds the current state of hormone therapy and 
castration resistance of prostate cancer. Prostate cancer is the most commonly diag-
nosed malignancy in men of Western countries. Previously, its incidence in Northeast 
Asia including Japan had been considered to be relatively low, but it has been dra-
matically increasing in recent years. Based on the Cancer Information Service of the 
National Cancer Center, there were 98,400 estimated new cases of prostate cancer 
in 2015, making the disease the leading cancer in Japanese men. Although most of 
the new cases are diagnosed in early stages, a significant proportion of patients 
receive hormone therapy for metastatic disease or for relapse after local treatment. 
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Thus the situation has gradually changed toward earlier and longer use of hormone 
therapy. The malignancy will finally form castration-resistant prostate cancer 
(CRPC) despite the lack of testicular androgen.

With advance in understanding on the molecular basis of hormone dependence 
and castration-resistant prostate cancer, many new androgen receptor-targeted 
agents have emerged. During the last decade, many evidences on hormone therapy 
have been accumulated from Japan. Interestingly some of these findings seem to be 
different from those reported from Western countries, suggesting the ethnic varia-
tion of outcome of hormone therapy. In this context, further accumulation of evi-
dence from Asian countries is warranted in this research field. In the chapters of this 
book, expert authors provide exhaustive interpretations of the evidence recently 
reported from Japan and provide important Asian perspectives on hormone therapy 
for PCa. In addition, some novel concepts of the treatment for CRPC are introduced. 
This work benefits not only Asian urologists but also their Western counterparts and 
all physicians and medical personnel who are involved in the treatment of PCa.

Y. Arai and O. Ogawa
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Recent Trends in Hormone Therapy 
for Prostate Cancer in Japan

Mizuki Onozawa and Hideyuki Akaza

Abstract
Advanced prostate cancer is usually treated by hormonal therapy. In contrast, 
localized disease can be treated by various approaches including radical prosta-
tectomy, radiation, hormonal therapy, and active surveillance. Wide variation in 
the treatment selection by era and country is a characteristic of prostate cancer. 
In this chapter, we review four large-scale observational studies across Japan 
conducted during different time periods. In Japan, the proportion of hormonal 
therapy as the treatment selection for newly diagnosed prostate cancer has 
decreased from 57% in 2000 to 40% in 2010, but it remains the most frequently 
selected treatment. During the same period, the proportion of metastatic disease 
for which hormonal therapy was the first treatment choice decreased from 21% 
to 11%, and that of patients with non-metastatic disease who selected hormonal 
therapy decreased from 46% to 32%. This lowered stage migration and shift 
toward radical treatment were the reasons for decrease in hormonal therapy in 
Japan. Regarding the type of hormonal therapy, the use of combined androgen 
blockade (CAB) increased from 59% in 2001–2003 to 74% in 2010.
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2.1  Introduction

Since Huggins and Hodges’ 1941 paper demonstrating the usefulness of hormonal 
therapy for prostate cancer [1], hormonal therapy has long played the central role in 
prostate cancer treatment. In Japan, Akakura et al. reported the results of their sur-
vey of 565 prostate cancer patients from nine institutions in 1988 [2]. According to 
that paper, about half of the patients were stage D, and the initial treatment was 
hormonal therapy in 62.6% of the patients [2]. However, clinical practice patterns of 
prostate cancer have dramatically changed since that era. Prostate-specific antigen 
(PSA) was introduced around 1990, enabling the early detection of prostate cancer 
[3], which resulted in lowered stage migration. The median patient age also fell.

At the same time, many new approaches were introduced that provide radical 
treatment with less invasiveness and a higher success rate. Regarding drug-based 
treatments for prostate cancer, luteinizing hormone-releasing hormone (LH-RH) 
agonist and nonsteroidal antiandrogens became available in the mid-1990s. It is thus 
important to assess how hormonal therapy has changed in the treatment of prostate 
cancer. In this chapter, with the use of data from a large observational study, we pres-
ent recent trends in hormonal therapy for prostate cancer in Japan and compared 
them with the trends in the USA. Only the trends observed over time regarding hor-
monal therapy used as the main treatment for prostate cancer will be covered.

2.2  Source of Data

Several studies have examined the initial prostate cancer treatment pattern in Japan. 
Tables 2.1 and 2.2 summarize the four large-scale real-world database studies con-
ducted across Japan that we review herein. The characteristics of these studies 
(referred to here as Japanese Urological Association [JUA] “JUA2000,” the Japan 
Study Group of Prostate Cancer [J-CaP] “JCaP2001-3,” “JUA2004,” and 
“JCaP2010”) and their background databases are summarized as follows.

 1. JUA2000
The subjects were 4529 prostate cancer patients diagnosed in 2000 from 173 
institutions across Japan [4]. The clinicopathological characteristics, initial treat-
ment pattern, and outcomes were determined. The study was managed by the 
Cancer Registration Committee of the Japanese Urological Association (JUA).

 2. JCaP2001-3
The database consists of 26,272 prostate cancer patients from 395 institutions 
across Japan for whom hormonal therapy was initiated between 2001 and 2003 
[5, 6]. In contrast to the other three studies discussed herein, this database included 
only patients treated with hormonal therapy. Thus, patients who received hor-
monal therapy as neoadjuvant or adjuvant therapy were included, but those treated 
by only radical treatment were not included. The study was managed by the non-
profit organization (NPO) Japan Study Group of Prostate Cancer (J-CaP), and it 
examined clinicopathological characteristics, treatment patterns, and outcomes.

M. Onozawa and H. Akaza
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 3. JUA2004
A total of 11,385 prostate cancer patients diagnosed in 2004 from 239 institu-
tions across Japan were included [3]. The patients’ clinicopathological charac-
teristics, treatment patterns, and outcomes were identified. The study, managed 
by the JUA, was the first large population report of survival data in Japanese 
prostate cancer patients [3].

 4. JCaP2010
This study was of 8291 prostate cancer patients from 140 institutions across 
Japan started treatment in 2010 [7]. Their clinicopathological background 
 characteristics and initial treatments were analyzed. Follow-up patient status was 
not included. The study was managed by the J-CaP.

Table 2.1 Background characteristics and initial treatment pattern in Japanese database study

Study name in this 
chapter
No. of patients
No. of institutions Distribution of

Age T stage N stage M stage Initial treatment
JUA2000
4529 patients
173 institutions

<70: nm 
(32.5)
<75: nm 
(26.8)
75≤: nm 
(40.7)

T0: 12 (0.3)
T1: 1145 
(25.3)
T2: 1739 
(38.4)
T3: 1193 
(26.3)
T4: 358 (7.9)

N0: 3569 
(78.8)
N1: 501 
(11.1)
Nx: 459 
(10.1)

M0: 3243 
(71.6)
M1: 964 
(21.3)
Mx: 322 
(7.1)

HT: nm (56.9)
Ope: 1240 
(27.4)
Radiation: nm 
(8.1)
AS/WW: nm 
(5.6)

JCaP2001-3
395 institutions

See 
Table 2.2

See Table 2.2 See 
Table 2.2

See 
Table 2.2

See Table 2.2

JUA2004
10,280 patients
239 institutions

T0: 5 (0.0)
T1: 4082 
(39.7)
T2: 3533 
(34.4)
T3: 2130 
(20.7)
T4: 451 (4.4)
Tx: 77 (0.7)

N0: 9237 
(89.9)
N1: 684 
(6.7)
Nx: 358 
(3.5)

M0: 8746 
(85.1)
M1: 1195 
(11.6)
Mx: 339 
(3.3)

HT: 4934 
(48.0)
Ope: 3212 
(31.2)
Radiation: 1625 
(15.8)
AS/WW: 485 
(4.7)
Other: 44 (0.4)

JCaP2010
8291 patients
140 institutions

<70: 3532 
(42.6)
<75: 2029 
(24.5)
75≤: 2729 
(32.9)

T1: 3442 
(41.5)
T2: 2957 
(35.7)
T3: 1516 
(18.3)
T4: 355 (4.3)
Unknown: 21 
(0.3)

N0: 7563 
(91.2)
N1: 640 
(7.7)
Nx: 88 
(1.1)

M0: 7425 
(89.6)
M1: 865 
(10.5)
Mx: 1 (0.0)

HT: 3337 
(40.2)
Ope: 2657 
(32.0)
Radiation: 1741 
(21.0)
AS/WW: 527 
(6.4)

Number represents patient number. Number in parenthesis represents percent
Abbreviation: AS/WW active surveillance or watch and wait, HT hormonal therapy, nm not men-
tioned, Ope prostatectomy

2 Recent Trends in Hormone Therapy for Prostate Cancer in Japan
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Table 2.2 Hormonal therapy in Japanese database study

Study name in 
this chapter
No. of patients 
treated by 
hormonal 
therapy Distribution of

Age T stage N stage M stage

Type of 
hormonal 
therapy

Type of 
castration

JUA2000
(No. of 
patients not 
described)

Not 
described

Not 
described

Not 
described

Not 
described

Not described Not 
described

JCaP2001-3
19,409 
patients

<70: 3954 
(20.4)
<75: 4811 
(24.8)
75≤: 
10,644 
(54.8)

T1: 4020 
(20.8)
T2: 6288 
(32.4)
T3: 7053 
(16.3)
T4: 1944 
(16.1)

N0: 
15,206 
(78.3)
N1: 2875 
(14.8)
Nx: 1224 
(6.3)

M0: 
13,244 
(68.2)
M1: 5288 
(27.3)
Mx: 773 
(4.0)

Castration 
mono: 5628 
(29.0)
CAB: 11,435 
(58.9)
AA mono: 
1513 (7.8)
Others: 833 
(4.3)

Surgical: 
1956 
(11.5)
Medical: 
15,107 
(88.5)

JUA2004
4934 patients

Not 
described

Not 
described

Not 
described

M0: 3582 
(72.6)
M1b: 
1061 
(21.5)

Castration 
mono: 1084 
(22.0)
CAB: 3313 
(67.1)
AA mono: 
223 (4.5)
CAB + other: 
209 (4.2)
AA + other: 
12 (0.2)
Others: 93 
(1.9)

Surgical: 
323 (6.9)
Medical: 
4364 
(93.1)

JCaP2010
3337 patients

<70: 651 
(19.5)
<80: 1706 
(51.1)
80≤: 980 
(29.4)

T1: 861 
(25.8)
T2: 1055 
(31.6)
T3: 1078 
(32.3)
T4: 329 
(9.9)

N0: 2671 
(80.0)
N1: 610 
(18.3)

M0: 2495 
(74.8)
M1: 841 
(25.2)

Castration 
mono: 700 
(21.0)
CAB: 2477 
(74.2)
AA mono: 
156 (4.7)
Others: 4 (0.1)

Surgical: 
151 (4.7)
Medical: 
3045 
(95.3)

Number represents patient number. Number in parenthesis represents percent
Abbreviations: AA antiandrogen, CAB combined androgen blockade, Castration castration, mono 
monotherapy

M. Onozawa and H. Akaza
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2.3  Trend in Hormonal Therapy as Main Treatment

2.3.1  Initial Treatment Patterns in Japan

Overall, the proportion of patients treated by hormonal therapy as the main treat-
ment has been decreasing over time (Fig. 2.1). In Japan, the proportion of prostate 
cancer patients treated by primary hormonal therapy was 57% of 4529 patients in 
JUA2000, 4934 (48.0%) of 10,280 patients in JUA2004, and 3337 (40.2%) of 8291 
patients in JCaP2010 [3, 4, 7]. In a study that was not nationwide, the practice pat-
tern in the mid-1980s in Japan revealed that as many as 62.6% of all patients and 
approx. 50% of stage B patients were treated by hormonal therapy [2]. It is thus 
clear that the proportion of hormonal therapy has markedly decreased in Japan, but 
hormonal therapy remains the most frequently chosen treatment for prostate cancer 
in Japan.

There are some explanations for the decrease in hormonal therapy use. Since 
primary hormonal therapy is used for various conditions, the possible explanations 
should be considered separately. These include the following:

Case 1: Definitive treatment for advanced disease
Case 2: Alternative treatment for aged or morbid patients with localized disease 

for which radical treatment can be applicable

JUA2000 [4] JUA2004 [3] JCaP2010 [7]

0
20

40
60

80
10

0

56.9

8.1

28.1

5.6

1.3

48.0

15.6

31.2

4.7

0.4

40.2

21.0

32.0

6.4

0.3

(%
)

Hormonal therapy

Radiation therapy

Radical prostatectomy

PSA surveillance

Others

Fig. 2.1 Time trend in initial therapy in Japan. Numbers in the graph represent percentages within 
each group. As the initial therapy for newly diagnosed prostate cancer in Japan, hormonal therapy 
made up a decreased proportion but it made up still a high proportion

2 Recent Trends in Hormone Therapy for Prostate Cancer in Japan
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Case 3: Preferred treatment for healthy non-aged patients with localized disease 
for which radical treatment can be applicable

Case 1 is an absolute indication for hormonal therapy, whereas Cases 2 and 3 are 
relative indications.

The proportion of metastatic disease is also decreasing over time. The proportion 
of M1 disease was 21.3%, 11.6%, and 10.5% in JUA2000, JUA2004, and JCaP2010, 
respectively [3, 4, 7]. As patients with M1 disease are usually treated by hormonal 
therapy (absolute indication), this lowered stage migration is one of the reasons for 
the decrease in hormonal therapy use. Over the past two decades, radical treatment 
for localized disease has progressed. For example, the use of anatomical prostatec-
tomy spread all over the world, and less-invasive to minimally invasive prostatec-
tomy became possible. Radiation therapy also became safe and effective. Therefore, 
more patients including aged and morbid patients can be successfully treated by 
these methods.

Regarding relative indications for hormonal therapy (Cases 2 and 3), 45.9% of 
approx. 2700 T1c-T3N0M0 patients in JUA2000, 39.8% of approx. 8400 T1-4N0M0 
patients in JUA2004, and 31.6% of over 7000 T1-3N0M0 patients in JCaP2010 [3, 
4, 7] were treated by hormonal therapy. The decrease in the use of hormonal therapy 
under relative indications is thus another reason contributing to the decrease in hor-
monal therapy use.

2.3.2  Treatment Pattern Difference Between Japan and the USA

As mentioned above, the continuing high percentage of hormonal therapy use in 
non-metastatic disease in Japan appears to be a unique feature in contrast to what is 
seen in the American practice pattern [8, 9]. The University of California, San 
Francisco (UCSF) Cancer of the Prostate Strategic Urologic Research Endeavor 
(CaPSURE) study demonstrated that among prostate cancer patients with T1-3a,Nx/
N0, and Mx/M0 disease whose treatment was initiated between 1989 and 2002, 
50% were treated by prostatectomy, 26% by radiation (13% externally and 13% 
internally), and only 14% by hormonal therapy [10].

However, there seems to have been a shift toward conservative management in 
the USA; data from the American Urological Association (AUA) Quality (AQUA) 
Registry in the USA revealed an increase in the use of hormonal therapy in that 
country. In the low-risk group, the proportion of hormonal therapy was 11.2% in 
2014, 19.0% in 2015, and 22.8% in 2016; in the high-risk group, the proportion of 
hormonal therapy was 31.1% in 2014, 41.2% in 2015, and 43.3% in 2016 [11].

Several research groups have observed a racial difference in the effect of hor-
monal therapy and have reported that outcomes after hormonal therapy have been 
better in Japanese compared to Caucasian men [12–14]. With regard to adverse 
events, many studies conducted in Western countries that include clinical guidelines 
have emphasized the side effects of hormonal therapy such as cardiovascular and 
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cerebrovascular events, diabetes mellitus, loss of bone mineral density, and more 
[15]. In Japan, such side effects associated with hormonal therapy are not often 
encountered; for example, a 2008 study demonstrated that hormonal therapy did not 
significantly increase the prevalence of osteoporosis in the Japanese population 
[16]. With regard to cardiovascular events, the incidence of cardiovascular death in 
patients treated by hormonal therapy was no greater than that expected in the gen-
eral Japanese population [17]. In light of these findings, it seems that Japanese urol-
ogists consider hormonal therapy appropriate for Japanese patients.

2.3.3  Types of Hormonal Therapy in Japan

With regard to the type of hormonal therapy used in Japan, more patients were 
treated by combined androgen blockade (CAB) in the JCaP2001-3, JUA2004, and 
JCaP2010 studies, 58.7%, 71.4%, and 74.2%, respectively, and the type of hor-
monal therapy used was related to the extent of disease in all three studies [3, 6, 7]. 
In JCaP2001-3, the proportions of CAB used for stage II, III, and IV patients were 
roughly 55%, 60%, and 70%, respectively [6]. In JUA2004, 69.1% of 3490 patients 
with M0 disease and 84.1% of 941 patients with M1 disease received CAB [3]. In 
JCaP2010, 69.7% and 87.6% in M0 and M1 patients, respectively, and 67.4%, 
80.7%, and 86.9% of stage II, III, and IV disease, respectively, received CAB [7]. 
Thus, CAB use was positively associated with disease extent, and this has contrib-
uted to the increase in CAB use despite the lowered stage migration. Guidelines 
issued by the JUA reflect CAB’s superior effect on overall survival in  locally 
advanced disease and metastatic disease [18, 19]. Japanese urologists may thus 
accept CAB as safe and reliable, which would contribute to the increased use of 
CAB at all stages of prostate cancer.

2.3.4  Types of Castration

In Japan, the LH-RH agonists goserelin and leuprolide became available in 1991 
and 1994, respectively; the LH-RH antagonist degarelix became available in 2012. 
In the Akakura et al. report from Japan (1988), surgical castration had been used in 
approx. one-half of the patients that received hormonal therapy [2], whereas surgi-
cal castration had been used in 11.5% of over 17,000 patients who received medical 
or surgical castration in JCaP2001-3 [6], in 6.9% of approx. 4300 patients in 
JUA2004 [3], and 4.7% of approx. 3200 patients in JCaP2010 [7]. In JCaP2010, 
surgical castration was performed significantly more often in the patients with high-
risk disease as evaluated by the J-CAPRA risk assessment tool [20]: 33 vs. 1372, 43 
vs. 1023, and 66 vs. 584 in the low-, intermediate- and high-risk groups, respec-
tively; Cochran-Armitage trend test, p < 0.001 [7], indicates that disease risk was a 
trigger for the selection of surgical castration.

2 Recent Trends in Hormone Therapy for Prostate Cancer in Japan
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2.3.5  Types of Antiandrogen

In Japan, the steroidal antiandrogen chlormadinone acetate and the nonsteroidal 
antiandrogens flutamide and bicalutamide became available in 1983, 1994, and 
1999, respectively. In JUA2004, a steroidal antiandrogen was used in 433 patients, 
accounting for 15.6% of all antiandrogen use in the study’s patient series [3]. 
Although it is difficult to know the exact current prescription pattern of antiandro-
gens from the published literature, it appears that a nonsteroidal antiandrogen is 
being used in almost all of the prostate cancer patients in Japan at this time.

 Conclusion
Although hormonal therapy is not a curative treatment for advanced metastatic 
prostate cancer, it is reliable in terms of its very high response rate and its conve-
nience for patients. Hormonal therapy as a treatment for prostate cancer is well 
accepted in Japan, and, except for changes in the procedure such as the increase 
in CAB use and the decreases in orchiectomy and steroidal antiandrogen use, 
hormonal therapy has long been playing the central position in treatment. The 
proportion of hormonal therapy has been decreasing in Japan, but numerous 
patients are still treated with this hormonal therapy for prostate cancer in part 
because this cancer is one of the most frequently diagnosed male cancers in 
recent years [21]. In this sense, further observational studies designed to follow 
the changes in prostate cancer treatment patterns are necessary.
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Risk Assessment Among Patients 
Receiving Primary ADT for Prostate 
Cancer

Shiro Hinotsu

Abstract
Many risk assessment tools have been developed for prostate cancer patients. 
The risk classifications, for example, the D’Amico classification and NCCN 
classification, are widely used. In addition, a nomogram to predict pathological 
stage and prognosis has also been developed. In this chapter, J-CAPRA score for 
all stage of patients treated by androgen depletion therapy is explained in detail.

Keywords
Risk assessment · Nomogram · Risk score · Prognosis · Survival

Urologists and medical oncologists perform risk assessments of each patient and 
use the risk assessment tools in the situation of medical decision-making for select-
ing treatment options for urogenital cancers.

Many risk assessment tools have been developed for prostate cancer patients and 
are widely used (Table 3.1). The risk classification is based on the clinical practice 
guidelines used in each country. For example, the D’Amico classification [1] and 
NCCN classification [2] are presented in the Clinical Practice Guideline for Prostate 
Cancer prepared by the Japanese Urological Association [3]. In addition, a nomo-
gram to predict endpoints, such as the probability of a positive margin, has also been 
developed. Among the nomograms, Partin’s nomogram [4] is widely known. Since 
this nomogram was developed for patients in the USA, a study to verify Partin’s 
nomogram for Japanese patients [5] has been performed and is well known. Also, 
Kattan nomogram is also a well-known nomogram [6], validated by the Japanese 
patient data [7] and Chinese data [8]. Some nomograms present the probability of 
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observing the endpoint of each factor as a percentage, and others calculate the score 
of each factor and determine the probability from the total score.

Nomogram data are periodically updated in consideration of the changes in both 
the patient factors and improvements in diagnostic technology. Therefore, accurate 
assessment cannot be performed unless attention is paid to both the patients’ cohort 
and the results of the risk assessment based on the risk assessment tool. For example, 
the D’Amico classification was developed targeting prostate cancer patients without 
metastasis, so that it cannot be employed for patients with metastasis. Risk classifica-
tions developed using the data of patients in Western countries cannot accurately 
predict the outcome of all Japanese patients. Therefore, when using a risk assessment 
tool developed in the other country, it requires validation study involving patients 
from their own country and with various disease stages. In this chapter, the prognos-
tic grouping in the TNM classification and J-CAPRA score are explained taking into 
account that androgen depletion therapy (ADT) is administered for all stages.

3.1  TNM Classification

In the TNM classification for prostate cancer, the prognostic grouping using the 
PSA level, the Gleason score, and disease stage was introduced in the 7th edition 
[9]. The details of this prognostic grouping are shown in Table 3.2. Since this clas-
sification was developed using data collected in Western countries, it is not 

Table 3.1 Risk assessment tools

Name of tool Population Factors
Reference 
no.

D’Amico 
classification

No metastasis PSA, Gleason score, T stage [1]

NCCN 
classification

No metastasis PSA, Gleason score, T stage, (no. of 
positive core, % of positive core, PSA 
density for very low risk evaluation)

[2]

Partin’s 
nomogram

Prostatectomy Clinical stage, PSA, biopsy Gleason score [4]

Japanese 
nomogram

Prostatectomy Clinical stage, PSA, biopsy Gleason score [5]

Kattan 
nomogram

Localized Preoperative PSA, no. of positive cores, no. 
of negative cores, clinical stage, biopsy 
Gleason score

[6]

TNM 
classification 
(7th ed)
Prognostic 
grouping

All stages T, N, M, Gleason, PSA [9]

CAPRA Prostatectomy Age at diagnosis, PSA, biopsy Gleason 
score, T stage, % of positive core

[12]

J-CAPRA All stages
Treated by ADT

PSA, Gleason score, T stage, N stage, M 
stage

[11]
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necessarily accurate in predicting the outcomes of all patients worldwide. Moreover, 
although the categories are presented, the outcome of each category (e.g., 5-year 
survival rate) is not presented, so that the differences of prognosis among the risk 
classifications are unclear. Considering these points, the validation study was 
needed to identify the outcomes predicted using the TNM classification of prognos-
tic grouping. Kimura et al. performed a validation study [10] using the database of 
the J-CaP study, a large-scale and over 10 years cohort study conducted in Japan. 
They predicted the outcomes of 15,259 patients treated with ADT by applying their 
data to the prognostic grouping of the TNM classification. The validation study 
clarified that the accuracy of prediction for Japanese prostate cancer patients was 
improved by partially reclassifying the prognostic grouping and taking the one 
more factor of age at diagnosis of the patient into consideration. As noted in this 
study, a risk classification developed for a specific outcome may require validation 
using another patient population.

3.2  J-CAPRA Score

The J-CAPRA score was developed based on a joint study using both the database of 
the Japanese J-CaP Study Group and the US database of prostate cancer patients, 
CaPSURE, and was published in the Journal of Clinical Oncology in 2009 [11]. A 
risk classification, the CAPRA score, had already been developed in CaPSURE [12]. 
The variables used in the CAPRA score were the age at diagnosis, PSA at diagnosis, 
Gleason score of the biopsy, T stage, and percent of positive biopsy cores containing 
cancer. There were two problems with applying the CAPRA score directly to the 
J-CAP Study Group database of Japan. One was a marked difference in the age dis-
tribution between the Japanese and US patients, and the age score was added to the 
majority of Japanese patients. In that situation, including the age factor biased toward 
high risk for Japanese patients. The other was that the J-CaP Study Group database 
did not collect the data on the percent of positive biopsy cores containing cancer, and 

Table 3.2 Prognostic 
grouping of TNM 
classification

Prognostic group Factors and criteria
Group I T1a–c N0 M0 PSA < 10 Gleason <= 6

T2a N0 M0 PSA < 10 Gleason <= 6
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

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

Any T N1 M0 any PSA any Gleason
Any T any N M1 any PSA any Gleason
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when including the factor, this variable is missing in all Japanese cases. Therefore, it 
was decided to develop a new risk assessment tool without applying the CAPRA 
score to the Japanese data. Factors influencing the outcome were extracted from the 
data present in both J-CaP and CaPSURE database and included the Gleason score, 
PSA, T stage, N stage, and M stage. Each variable was scored from 0 to 3 corre-
sponding to the degree of the influence on the outcome considering the hazard ratio 
in the multivariate analysis (Table 3.3). Using this risk assessment tool, the J-CAPRA 
score is calculated from 0 to 12 in each patient. When progression-free survival was 
estimated using the scores from the Japanese and US patient databases, the outcomes 
were determined to be appropriately classified. In addition, the scores with close 
survival rates could be categorized. Scores of 0–2, 3–7, and 8 or higher were evalu-
ated as low, intermediate, and high risk, respectively.

A validation study [13] using the J-CAPRA score was performed by Kitamura 
et al. and included 319 ADT-treated prostate cancer patients not registered in the 
J-CaP Study Group. These patients were evaluated for risk using the J-CAPRA 
score, and all of the patients could be classified into low-, intermediate-, and high- 
risk groups with regard to progression-free survival, cause-specific survival, and 
overall survival. This finding clarified the usefulness of the J-CAPRA score for 
Japanese patients generally.

Using the J-CAPRA score, it is now possible to compare patients in the same risk 
category between Japan and the USA. Cooperberg et  al. [14] compared prostate 
cancer-specific survival, which was the outcome that eliminated the effect of the 
death from other causes, between the CaPSURE and J-CaP data, and showed that 
the outcomes of Japanese patients were favorable in all low-, intermediate-, and 
high-risk groups. Taking the age and the methods of ADT into consideration in a 
multivariate analysis, the hazard ratio was 0.52 (95% CI: 0.40–0.68). This study 
clarified the difference of prognosis treated with ADT between Japanese patients 
and patients in the USA applying the same risk assessment tool. Thus, the J-CAPRA 
score was a one of useful risk assessment tools for international comparisons.

Table 3.3 J-CAPRA score Factor Point
Gleason 2–6 0
Gleason 7 1
Gleason 8–10 2
PSA 0–20 0
PSA >20–100 1
PSA >100–500 2
PSA >500 3
T1a–T2a 0
T2b, T3a 1
T3b 2
T4 3
N0 0
N1 1
M0 0
M1 3
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3.3  Risk Assessment in the Next Generation

A sufficient observation period is necessary to prepare a risk assessment tool, 
because preparation of a database requires a prolonged time. Especially, prostate 
cancer patients have relatively favorable prognosis; survival data collection may 
require nearly 10 years. For example, the JCAPRA score was prepared using data 
of prostate cancer patients diagnosed between 2001 and 2003, and thus all patients’ 
risk using J-CAPRA score of overall survival were the risk of patients treated with-
out novel drugs introduced into clinical practice around 5 years. A research organi-
zation or system is necessary to construct a database with periodic data updates and 
should develop a method of data collection that is not a burden for urologists. 
There are some challenges to make a system of data transfer from hospital infor-
mation system to the electric data capture system. However, the data transfer sys-
tem is not completed now. In addition, once a risk assessment tool is prepared, the 
accuracy of the predicted risk has to be verified by a validation study. High-quality 
risk assessments will be made possible by the efforts of many researchers and 
clinicians.
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Patient-Derived Xenografts for Research 
on Hormonal Therapy of Prostate Cancer

Takahiro Inoue

Abstract
Patient-derived xenograft (PDX) models are characterized by direct transplanta-
tion of human tissues into immunocompromised mice. PDXs can highly pre-
serve the original histology, as well as the molecular and genetic characteristics 
of the original tumors. Recently, there are studies describing a large number of 
PDX models, representing a wide range of human cancers. PDX models have 
great potential to be used for both basic and clinical research and have resulted 
in an increase in the use for the analysis of tumor biology and for drug develop-
ment. However, establishment of prostate cancer PDX models is still limited, and 
existing PDX repositories, such as Jackson Laboratories, contain very few pros-
tate cancer PDX models, which cannot represent the molecular diversity of 
human prostate cancer. Herein, we will introduce representative prostate cancer 
PDX models, including our established models, and discuss potential usefulness 
together with future perspectives.

Keywords
Patient-derived xenograft · Prostate cancer · Hormonal therapy · Research · Basic 
Clinical

4.1  Introduction

Cancer cell lines or cell-line-derived xenograft (CDX) models have provided valu-
able information that has improved our understanding of cancer development and 
the mechanisms of drug actions. But majority of them have certain homogenous 
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morphology after long-term in vitro culturing that is quite different from human 
malignancies. Therefore, CDXs are not particularly predictive of human response to 
pharmaceutical agents. Additionally, limited availability of tissue for molecular 
studies and human prostate cancer cell lines that harbor both intact androgen recep-
tor (AR) expression and androgen dependency, which are hallmarks of PCa, have 
interfered PCa research. Patient-derived xenograft (PDX) models, surgically derived 
clinical tumor samples that are implanted in immunocompromised mice, more 
accurately reflect underlying tumor biology and heterogeneity of individual human 
cancers than CDXs [1, 2]. PDX models of PCa are also expected to recapitulate the 
complexity of human cancer with preserved cellular lineage hierarchy and tumor- 
stroma interaction [3–5]. Although some engraftment pressure is observed, PDX 
models seemingly preserve most of the genetic alterations as well as the histological 
characteristics of the original patient tumors in prostate cancer (PCa) at least for 
three to six passages [3]. They can be propagated for long periods of time in vivo, 
enabling the study of tumor progression. Indeed, treatment of PDXs reproduces 
clinical outcomes observed in the individual patient donors [6, 7]. Thus, PDXs have 
emerged as an important platform to elucidate new treatments and biomarkers in 
PCa research [8].

4.2  Establishment of Prostate Cancer Patient-Derived 
Xenograft Models

Schroeder et al. have first reported that PCa tissue can be transplanted on nude mice 
[9]. PDX models of PCa from fresh primary or metastatic human prostate tissue 
have been extensively described in the literature (Table 4.1) [3, 8, 10–28]. KUCaP-1 
was the first PDX model established in our department. It had W742C mutant AR, 
showed androgen dependency, and could grow with bicalutamide stimulation. This 
model is appropriate for studying antiandrogen withdrawal syndrome. Additionally, 
flutamide treatment regresses its growth, showing that it could replicate clinical 
situation of alternative androgen therapy [26, 30]. KUCaP-2 is an androgen-sensi-
tive model of PCa and expressed wild-type AR [27]. KUCaP-2 tumors can regress 
soon after castration of the host mice, and they restore their ability to proliferate 
within a few months. This mode is mimicking clinical castration-resistant progres-
sion, and it is suitable for revealing mechanisms of progression to castration-resis-
tant PCa (CRPC). Our recent reported PDX model, KUCaP-3, is an 
androgen-dependent tumor with H875Y AR mutation. KUCaP-3 is unique as these 
cells grew into cystic feature, which contained extremely high level of 
PSA. Therefore, it is a potential model for identifying secreted molecules for diag-
nostic and therapeutic markers in serum or other body fluids [28].

Obtaining fresh tumor tissue is difficult from primary localized prostate cancer, 
since tumor lesions are not easily macroscopically detected at the time of radical 
prostatectomy. Metastatic CRPC tissues are also difficult to obtain, and when 
acquired, they are often limited quantity. Most of the PDX models of PCa reported 
were derived and established from locally recurrent or metastatic 
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castration-resistant PCa tumors, because PDX engraftment rates are positively cor-
related with the clinical aggressiveness and metastatic potential of the original 
tumors. Localized tumors are intermediate- to low-grade malignancies in most 
cases, so the cells derived from the localized cancers seldom survive and grow both 
in vitro and in vivo. Therefore, it is difficult to study the transition mechanisms of 
truly hormone-naïve PCa to aggressive disease such as CRPC. However, Toivanen 
et al. and Lawrence et al. reported sophisticated methods for effectively xenograft-
ing localized prostate cancer tissue [31, 32]. They presented recombination of pros-
tate cancer tissues together with mouse seminal vesicle mesenchymes and 
xenotransplantation under renal capsule of the host mice. Not only the tissues main-
tained their original tumor characters including Gleason score and other pathologi-
cal features, but also they expressed AR and PSA. Moreover, the tumors can be 
grown for several months enabling us to evaluate the effectiveness of new therapeu-
tic drugs.

Several types of immunocompromised mice are available for xenografting 
human cancer tissues. The athymic (nude) mouse is most commonly used for PDX 
establishment, since it is less expensive to use than others and is hairless so it does 
not require shaving to evaluate the growth of a tumor in subcutaneous site. However, 
the presence of intact B cells and an intact innate immune system, including natural 
killer cells, inhibit efficient engraftment of human prostate cancer tissues. Severe 
combined immunodeficiency (Scid) mice are impaired in the development of mature 
T cells and B cells so they are more suitable for engraftment of prostate cancer tis-
sues than nude mice. But mature T cells and B cells develop in some scid mice when 
they get old and they have an intact innate immunity, including moderate NK cell 
activity. The nonobese diabetic (NOD) scid mice defects in both humoral and innate 
immunity, and are more receptive of prostate cancer tissues, but the shortcomings of 
this strain include the development of thymic lymphomas by 8–9 months old and a 
short life span [8].

The most commonly used site for engraftment is the subcutaneous space of the 
dorsal side of immunocompromised mice, since it is technically easier to handle, to 
monitor, and to evaluate compared to other methods below. But the subcutaneous 
implantation made the development of PCa PDX difficult with low success rates, 
partly owing to poor vascularization at the graft site. In contrast to the subcutaneous 
graft site, the subrenal capsule site is highly vascularized and associated with 
impressive tumor take rates [3]. Additionally, xenografts transplanted into the sub-
renal capsule preserve the characteristics of the parent tumor in terms of histopa-
thology, genetic changes, and biology [3]. Orthotopic engraftment models more 
accurately reconstitute an organ microenvironment preserving original tumor phe-
notypes [33]. However, this method is still technically challenging. Engraftment 
success of prostate tumors can also be affected by testosterone supplementation, 
since the hormonal microenvironment of mice is quite different from that of humans, 
which is particularly important when xenografting prostate tumors. In immunodefi-
cient adult male mice, total testosterone levels vary >100-fold in the same mouse 
measured longitudinally, which is quite different from total testosterone variation in 
the same eugonadal aging men, showing less than tenfold difference when 
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measured longitudinally. Only one-quarter of the intact mice had total testosterone 
values that reached the 95% reference range for eugonadal 40–80-year-old men, 
and one-quarter of the mice had total testosterone level in men with prostate cancer 
receiving androgen deprivation therapy [34, 35]. Moreover, values of biologically 
active free testosterone in 70% of the mice were below the International Society for 
the Study of the Aging Male value of 74 pg/mL, which is used as criterion for the 
diagnosis of hypogonadism in human males [34, 36].

4.3  Basic and Clinical Application of PDX Models 
for Understanding Resistance to Hormonal Therapy

Toivanen R et al. established a protocol in which co-grafting of primary tumors with 
mouse neonatal stroma under the kidney capsule of host NOD scid or NOD.
Cg-Prkdcscid Il2rgtm1Wjl (NSG) mice resulted in increased engraftment rate and 
growth in vivo [8, 31]. They engrafted 12 localized prostate cancer specimens from 
men who were naïve for hormonal therapy using their protocol and evaluate 
responses to androgen withdrawal by castrating host mice. They found that, after 
castration of host mice, residual populations of quiescent, stemlike tumor cells 
remained and these cells can regenerate by readministration of testosterone. These 
results show that residual populations of stemlike tumor cells preexist in localized 
PCa tissues before the onset of CRPC and characterization of these populations 
might bring us novel seeds for successful eradication of potential precursors to 
lethal CRPC disease.

Advances in next-generation sequence technology, including increased sequenc-
ing speed with high data accuracy and reduced cost per sample, enable the charac-
terization of the cancer genome in a time frame that is compatible with treatment 
decisions. Within many mutations detected in cancer samples, it is difficult and 
complicated to interpret this genomic information including evaluation of the 
actionability of each detected mutation, determination of the meaning of the action, 
and prioritization among multiple detected alterations. One way to resolve these 
difficulties is to combine genomic information gained from a patient’s tumor and 
PDX models to identify suitable treatments and to assess mechanisms of resistance 
to drugs and to develop biomarkers predictive of treatment outcome [8]. Indeed, 
drug studies involving panels of PDX models have identified molecular character-
istics of PDXs which are concordance between the response of the model and the 
response clinically against the same drug [7, 37]. However, the paucity of PCa 
PDX models hampered clinical application of the PCa PDX models, as avatar 
mouse models. From 2002 our laboratory has started xenografting prostate cancer 
tissues and collected 28 samples from 28 patients and implanted them subcutane-
ously into immunocompromised male intact mice. Of these, seven were success-
fully propagated beyond three passages for an overall take rate of 28% (unpublished 
data). Nguyen H et al. recently summarized LuCaP series and reported that among 
261 samples derived from 156 PCa patients, 26 were successfully propagated 
beyond three passages for an overall take rate of less than 10%, almost comparable 
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to our series [38]. They identified that LuCaP series represent the major genomic 
and phenotypic features of PCa in humans, including amplification of androgen 
receptor, PTEN deletion, TP53 deletion and mutation, RB1 loss, TMPRSS2-ERG 
rearrangements, SPOP mutation, hypermutations due to MSH2/MSH6 aberra-
tions, and BRCA2 loss. They evaluated responses of LuCaP series to androgen 
deprivation and docetaxel treatment and showed their heterogeneities of response 
to the treatments. Notably, AR amplification/activity and AR splice variants were 
detected as important mechanisms of resistance to ADT using LuCaP PDXs, sup-
porting the usefulness of enzalutamide and the needs to develop new AR N-terminal-
targeting drugs.

Neuroendocrine prostate cancer (NEPC) is an aggressive variant of prostate can-
cer, also termed anaplastic or small-cell carcinoma of the prostate due to the mor-
phological resemblance to small-cell lung carcinoma, that is often observed in 
biopsies of metastatic sites in patients with progressive CRPC after AR signaling 
targeting drugs and has been reported that incidence of this variant is rising [39, 40]. 
Thus, an improved understanding of the mechanisms of progression to prostatic 
NEPC is required. A unique PDX model of NEPC transdifferentiation, LTL331/
LTL331R model, has been reported [3, 41]. They found that the placental gene PEG 
10 is derepressed during the adaptive response to AR interference and subsequently 
upregulated in clinical NEPC. They also revealed that the AR and the E2F/RB path-
way dynamically regulate distinct posttranslational isoforms of PEG 10 at distinct 
stage of NEPC development and demonstrate that distinct PEG 10 isoforms pro-
mote cell proliferation and invasion of NEPC cells. The details of molecular patho-
genesis of NEPC are described elsewhere in this textbook.

4.4  Future Perspectives

The failure rate of engraftment of PCa tissues derived from human is still very high. For 
application in clinical practice as avatar models, tumor take rates need to be improved to 
60–70%, which is one of the main issues that needs addressing [8]. Subrenal capsule 
may be an appropriate engraftment site since it is highly vascularized [3]. However, the 
generation, propagation of PCa PDX tumors, and subsequent drug testing usually take 
4–6 months or more, which is usually not a feasible time frame for immediate applica-
tion in decision-making at clinical practice. Collaboration between research groups to 
investigate the best way to apply existing models and to continuously establish new ones 
is very important. It will enable the establishment and housing of an abundance of mod-
els with well-annotated biological and genetic data, which can provide a preclinical data 
that accurately predicts which drugs and drug combinations should be assessed clini-
cally for precision medicine. The need for reliable and optimal preservation methods for 
prostate cancer PDXs is indispensable. Lin et al. discussed that their LTL series of PDXs 
were frozen at early generations with 10% DMSO and might be able to be recovered 
with high tumor take rates in immunocompromised mice [3]. However, the precise pro-
cedures have not been described, and we should evaluate and establish more reliable 
methods for prostate cancer PDX cryopreservation.
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Abstract
Androgens deprivation therapy for prostate cancer (PCa) has been widely estab-
lished for the treatment of metastatic PCa cases and some localized PCa cases. 
With the discovery of LHRH agonists, it became possible to perform medical 
castration, and the range of options further expanded, but flare-up in progressive 
cases has been considered as a problem. As GnRH antagonists became available, 
we were able to begin the treatment without flare-up in advanced cases. In this 
chapter, we discuss the topics on LHRH agonists and antagonists and the rela-
tionships with adrenal androgens examined in our laboratory.

Keywords
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5.1  Impact of GnRH Antagonist and LHRH Agonist 
on the Gonadal Axis

5.1.1  First Impact: Discovery of LHRH Agonist

Since Huggins et al. reported in 1941 [1], the androgen sensitivity of prostate cancer 
(PCa) has been well established. Androgen deprivation therapy (ADT) has been the 
mainstay of therapy of PCa. Surgical castration and estrogen preparations were used 
early in the development of ADT, but estrogen preparations had been avoided to 
side effects such as cardiovascular event or thrombosis. Surgical castration is still in 
progress, but it is a problem that the effect of surgical castration is permanent, 
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continuous, and irreversible [2]. Schally’s achievement has resulted in a major turn-
ing point in hormonal therapy. Elucidation of the structure of luteinizing hormone- 
releasing hormone (LHRH) by Schally et al. at 1971 developed LHRH agonist [3]. 
LHRH agonist changed the mainstay of ADT. With the advent of LHRH agonist, it 
could be possible to perform medical castration to patients with limited administra-
tion period. LHRH agonist made it possible to combine radiation therapy and hor-
mone therapy for curative treatment. ADT by LHRH agonist has been widely spread 
afterward; Labrie et al. reported that surgical or medical castration alone had insuf-
ficient effect and effectiveness of combination therapy with antiandrogen agent [4]. 
In current, it is widely used for primary treatment of metastatic prostate cancer and 
relapse after radical therapy with the name combined androgen blockade (CAB). In 
the comparative study of CAB therapy and castration monotherapy conducted in 
Japan, the overall survival rate of CAB therapy using bicalutamide was significantly 
higher than that of castration monotherapy (hazard ratio: 0.78) [5, 6]. Whether or 
not to perform CAB for all cases of prostate cancer is considered to be controversial 
[7], leuprolide and goserelin have been used as LHRH agonists and have long 
played a major role of ADT for prostate cancer continues to be widely used today in 
Japan.

5.1.2  Second Impact: New Hope, GnRH Antagonist

With LHRH agonists, medical castration is as effective as bilateral orchiectomy, but 
main concern with the use of LHRH agonists for ADT is the clinical worsening of 
symptoms such as spinal cord compression, bone pain, and urethral obstruction due 
to a testosterone surge upon initiation of LHRH agonist treatment. Therefore, anti-
androgens are often used to reduce the risk of flare-up. However, the additional 
administration of an antiandrogen agent couldn’t inhibit flare-up of testosterone in 
the early stage of agonist administration, so clinical use of the gonadotropin- 
releasing hormone (GnRH) antagonist has been desired [8]. Abarelix, the first 
GnRH antagonist available clinically for treatment of PCa, showed safety profile 
comparable to that of the LHRH agonist, leuprolide, with or without bicalutamide 
[9]. However, abarelix had systemic allergic reactions [10]; the manufacturer with-
drew abarelix from the US market for related commercial reasons.

The next generation GnRH antagonist degarelix is a newly discovered agent that 
blocks GnRH receptors immediately and testosterone production rapidly, prevent-
ing a testosterone surge. Klotz et al. evaluated the efficacy and safety of degarelix 
vs. leuprolide for achieving and maintaining testosterone suppression in a 1-year 
phase III trial involving patients with prostate cancer in CS21 study. They showed 
that treatment with degarelix resulted in a rapid suppression of testosterone levels; 
by day 3, the median testosterone levels were ≤0.5 ng/mL in 96.1% and 95.5% of 
patients in the degarelix 240/80 and 240/160 mg groups, respectively (median tes-
tosterone levels 0.24 and 0.26 ng/mL, respectively) [8]. In the results of exploratory 
analyses of CS21 study, Thombal et al. showed patients with PSA >20 ng/mL had a 
significantly longer time to PSA recurrence with degarelix compared to leuprolide 
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(p = 0.04) [11]. From these research results, There are two major advantages of 
degarelix compared to LHRH agonist. Degarelix causes rapid suppression of testos-
terone, and there is no flare-up. Although degarelix seems to be suitable for intro-
duction of ADT for all PCa patients, it seems particularly that degarelix is suitable 
for safely introducing therapy in case of advanced PCa patients such as bone metas-
tasis is concerned for spinal cord compression or symptoms like dysuria or urinary 
retention accompanying from local PCa are strong. In CS21, overall frequency of 
adverse events was similar for degarelix and leuprolide. Injection site reactions 
were more frequent with degarelix 240/80 mg (35%) than with leuprolide (<1%), 
predominantly occurring after the first injection. Frequency of injection site reac-
tions decreased after the second time [8].

Various reports about secondary objectives in research of degarelix have been 
shown. There were fewer joint-related signs and symptoms, musculoskeletal events, 
and urinary tract events in the degarelix group compared to the leuprolide group [12]. 
One of the serious complications of ADT is the occurrence of cardiovascular events. 
Among men with pre-existing cardiovascular disease, the risk of cardiac events 
within 1 year of initiating therapy was significantly lower among men treated with 
degarelix compared with LHRH agonists (hazard ratio: 0.44; 95% confidence inter-
val, 0.26–0.74; p = 0.002) [13]. Degarelix has a profound and persistent FSH declin-
ing tendency, whereas agonist has a partial FSH lowering effect [8]. The clinical 
advantage of FSH suppression with GnRH antagonists is not fully studied. However, 
several studies on the relationship between FSH and PCa have been reported. Thus, 
FSH stimulates PCa cell growth in vitro [14]. FSH receptors occur on prostate tumors 
and the surface of tumor blood vessels and are expressed at higher levels on prostate 
versus normal tissue [15–17]. Also, FSH may affect the pathogenesis and progres-
sion of castration-resistant PCa [18]. Further studies are expected on the effect caused 
by the antagonist other than testosterone suppression.

5.1.3  Relationship Between LHRH Agonist and Adrenal 
Androgen

In the treatment of prostate cancer, we have already mentioned that suppression of 
pituitary-testicular axis testosterone is the main axis by LHRH agonist or antago-
nist. Suppression of adrenal androgens is also important as a target of therapy. 
Adrenal androgens account for about 10% of androgens in the physiologic state in 
males, and they are the main source of androgens after medical or surgical castra-
tion [19, 20]. Various drugs that interact with androgen receptors (ARs) have been 
developed and used clinically. In addition to “conventional” AR inhibitors, such as 
flutamide [21] and bicalutamide [22], enzalutamide prolongs survival time before 
and after chemotherapy [23, 24]. Abiraterone, an androgen biosynthetic enzyme 
inhibitor, also improves patient prognosis [25]. Adrenal androgens have been tar-
geted as key hormones for developing castration-resistant prostate cancer therapeu-
tics. Although circulating adrenal androgens mainly originate from the adrenal 
glands, the testes supply about 10% [26]. In addition, the role of aberrant expression 

5 Impact of GnRH Antagonist and LHRH Agonist on the Gonadal Axis



34

of the luteinizing hormone (LH) receptor in adrenal glands has been studied in 
patients with adrenocorticotropic hormone (ACTH)-independent Cushing’s syn-
drome [27–29]. However, the roles of LH and the presence of LH receptors in nor-
mal adrenal glands have not been fully studied. We examined the effect of LHRH 
agonist on changes in serum adrenal androgen levels [30]. Further, LH receptor 
localization was investigated in adrenal glands. This study included 47 prostate can-
cer patients. Table 5.1 shows the clinical characteristics of the enrolled patients. 
Testosterone (T), dihydrotestosterone (DHT), estradiol (E2), dehydroepiandros-
terone (DHEA), and androstenedione (A-dione) were measured by liquid 
chromatography- mass spectrometry (LC-MS/MS). Dehydroepiandrosterone- 
sulfate (DHEA-S) and ACTH were measured by the chemiluminescence enzymatic 
immunity assay (CLIA) and electrochemiluminescence immunity assay (ECLIA), 
respectively. A significant reduction in testosterone levels (97.5% reduction) was 
observed in LH-RH agonist-treated patients 6 months after the initiation of treat-
ment. In addition, levels of DHT, E2, adrenal androgen, DHEA-S, DHEA, and 
A-dione were reduced 6 months after the initiation of treatment (95.0%, 92.5%, 
26.4%, 26.5%, 26.5%, and 40.6% reduction, respectively). Twelve months after the 
initiation of treatment, a significant suppressive state was maintained, as measured 
by levels of T, DHT, E2, DHE-S, DHAS, and A-dione (98.0%, 95.1%, 91.3%, 29%, 
30.7%, and 41.6% reduction, respectively). Adrenal androgen levels 6 and 12 months 
after the initiation of treatment were significantly lower than those during the pre-
treatment period. ACTH levels showed an increasing trend at 6 months but were 
significantly increased at 12 months (126.3%). The changes in hormone levels dur-
ing the treatment are shown in Table 5.2. Serum adrenal androgen levels signifi-
cantly decreased after 6 and 12 months of treatment with LH-RH agonist. We also 
identified LH receptors in the adrenal cortex cells in the reticular layer by 
immunohistochemistry.

Table 5.1 Clinical 
characteristics of the patients

Characteristic
No. of patients 47
Age (year, mean ± SD) 67.7 ± 3.5
Initial PSA 
(median ± SD)

12.8 ± 10.3 ng/mL

Stage No. of patients
T1cN0M0 13 27.7%
T2N0M0 15 31.9%
T3N0M0 19 40.4%
Gleason score
GS 6 1 2.1%
GS 7 29 61.7%
GS ≧ 8 17 36.2%
Risk classificationa

Intermediate 16 34.0%
High 31 66.0%

Abbreviations: PSA prostate specific antigen
aD’Amico classification
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5.1.4  The Effect of Antagonist on Adrenal Androgen

We also examined the effects of a GnRH antagonist on changes in serum adrenal 
androgen levels [31]. This study included 47 prostate cancer patients. Pretreatment 
blood samples were collected from all of the patients, and posttreatment samples 
were taken at 1, 3, 6, and 12 months after starting the treatment. Serum was stored 
at −80 °C until measurements. T, DHT, E2, DHEA, and A-dione were measured by 
LC-MS/MS. DHEA-S was measured by ECLIA. Table 5.3 shows the clinical char-
acteristics of the enrolled patients. T levels decreased significantly (97.3% reduc-
tion) in GnRH antagonist-treated patients 1  month after initiating treatment 
compared to those at baseline. In addition, the lower T level was maintained until 
12  months after initiating treatment (97.1% reduction). DHT and E2 decreased 
1 month after initiating treatment (DHT, 93.2%; E2, 84.9% reduction, respectively), 
and these levels were maintained until 12 months after initiating treatment. DHEA-S 
and A-dione levels significantly decreased 1, 3, 6, and 12 months after initiating 
treatment and remained low until 12 months after the start of treatment (DHEA-S, 
23.9%; A-dione, 40.5% reduction, respectively). We did not observe a decrease in 
DHEA levels 1, 3, or 6 months after initiating treatment, but DHEA level was sig-
nificantly lower 12 months after treatment compared to baseline (15.4% reduction) 
(Table 5.4).

Table 5.2 Changes of hormone levels in prostate cancer patients treated with GnRH agonist

Pre 6 mo 12 mo Statistics
T
Measurement, ng/dL
Percentile change

387.0 ± 157.0 10.0 ± 5.0
−97.5%

8.0 ± 5.0
−98.0%

p < 0.01
Pre vs. 6 mo, 12 mo

DHT
Measurement, pg/mL
Percentile change

426.3 ± 199.6 21.4 ± 12.0
−95.0%

20.9 ± 11.1
−95.1%

p < 0.01
Pre vs. 6 mo, 12 mo

E2
Measurement, pg/
mL
Percentile change

16.3 ± 5.5 1.2 ± 1.0
−92.5%

1.4 ± 1.0
−91.3%

p < 0.01
Pre vs. 6 mo, 12 mo

DHEA-S
Measurement, μg/dL
Percentile change

146.0 ± 67.0 107.5 ± 47.6
−26.4%

103.6 ± 53.7
−29.0%

p < 0.01
Pre vs. 6 mo, 12 mo

DHEA
Measurement, ng/mL
Percentile change

1.89 ± 0.92 1.39 ± 0.67
−26.5%

1.31 ± 0.64
−30.7%

p < 0.01
Pre vs. 6 mo, 12 mo

A-dione
Measurement, ng/mL
Percentile change

0.390 ± 0.135 0.232 ± 0.109
−40.6%

0.228 ± 0.118
−41.6%

p < 0.01
Pre vs. 6 mo, 12 mo

Abbreviations: T testosterone, DHT dihydrotestosterone, E2 estradiol, DHEA dehydroepiandros-
terone, DHEA-S dehydroepiandrosterone-sulfate, A-dione androstenedione, Pre Pre treatment of 
GnRH antagonist, 6 mo, 12 mo, 6, 12 months after initiation of GnRH antagonist treatment
Percentile change indicates changes in comparison with pretreatment levels. Values are expressed 
as mean ± SD
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Cases of ACTH-independent adrenal hyperplasia have been reported [26, 27], 
and functional LH receptors have been discovered in patients with ACTH- 
independent Cushing’s syndrome [27, 28]. Those studies have shown that LH-RH 
agonist treatment reduces serum cortisol levels and demonstrated an association 
between cortisol production and the presence of LH receptors in the adrenal glands. 
Pabon et al. [32] identified LH receptors on the reticular layer of adrenal cortex cells 
and demonstrated the presence of the cytochrome P450 side-chain cleavage enzyme 
in the same cells. These findings suggest that LH-positive adrenal cortex cells are 
steroidogenic. Rao et al. [33] showed that in DHEA-S is produced in H295R adre-
nal cortical cells by LH via functional LH receptors. These findings suggest that LH 
may affect adrenal gland function and regulate the secretion of adrenal hormones.

We discovered that the adrenal cortex cells in the reticular layer were positive for 
LH receptors in patients treated with a LH-RH agonist (Fig. 5.1) [30]. Furthermore, 
we found that the correlation between ACTH and DHEA-S levels shifted to an 
inverse relationship during the treatment period. These findings suggest that reduced 
adrenal synthesis of androgens stimulates ACTH secretion through a feedback 
mechanism. Therefore, long-term GnRH antagonist treatment may reduce serum 
adrenal androgen levels via LH receptors. We speculated the existence of another 
mechanism by which GnRH antagonists inhibit adrenal androgen production 
directly via GnRH receptor protein in the adrenal glands. In addition to its expres-
sion in the pituitary gland, GnRH receptor is expressed in lymphocytes and many 
extra-pituitary tissues, including breast, ovary, and prostate [34]. Ziegler et al. [35] 
demonstrated that GnRH receptor is present in the adrenal glands at the mRNA and 

Table 5.3 Clinical 
characteristics of the patients

Characteristic
No. of patients 47
Age (year, mean ± SD) 73.6 ± 7.02
Initial PSA 
(median ± SD)

11.1 ± 489.1 ng/
mL

Stage No. of patients
T1cN0M0 8 17%
T2N0M0 14 29.8%
T3N0M0 9 19.1%
T4N0M0 2 4.3%
TanyN1M0 4 8.5%
TanyN0M1 5 10.6%
TanyN1M1 5 10.6%
Metastasis
All distant metastasis 10 21.2%
Bone metastasis 7 14.9%
Visceral metastasis 3 6.4%
Gleason score
GS 6 4 9%
GS 7 15 32%
GS≧8 28 59%

Abbreviations: PSA prostate specific antigen

Y. Miyazawa et al.
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protein levels in normal human adrenal tissues, adrenocortical and adrenomedullary 
tumors, and adrenal cell lines. Although the presence of GnRH receptor in the adre-
nal glands suggests that adrenal androgen production was suppressed via GnRH 
receptor, it is unclear how the receptor works in the adrenal glands. In summary, we 
found a significant decrease in adrenal androgen levels in patients treated with a 
GnRH agonist and antagonist for 12 months. Considering the existence of func-
tional LH receptors in cases of ACTH-independent Cushing’s syndrome or in 
human adrenal cortex cells, long-term GnRH antagonist administration may reduce 
serum adrenal androgen levels via LH receptors.
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6Controversies on Combined Androgen 
Blockade for Prostate Cancer

Atsushi Mizokami

Abstract
The key factor which is very important in order that prostate cancer proliferates 
is androgen. More than 90% of androgen is of testicular origin, and the remain-
der is of adrenal origin. Because much more androgen remained in prostate can-
cer tissue than in serum after castration, it was expected that combined androgen 
blockade (CAB) (castration plus antiandrogen) had a better prognosis than cas-
tration monotherapy. As a result, although it was suggested that CAB had better 
prognosis, the extreme superiority was not observed in CAB. However, this sig-
nificant difference was clear in Asia. CAB was superior to castration monother-
apy. The difference between Asia and Western countries may be due to the 
difference in dose of bicalutamide or race. Clinical trials to examine superiority 
of complete androgen blockade using adrenal androgen synthesis inhibitor or 
more powerful new antiandrogen instead of CAB as an initial treatment is ongo-
ing for advanced prostate cancer.

Keywords
Combined androgen blockade · Complete androgen blockade · Castration 
Prostate cancer

Hormone therapy for prostate cancer was first proposed by C. Huggins in 1941; the 
effectiveness of which has been confirmed, and Huggins was awarded the Nobel 
Prize.

Thereafter, the initial treatment for advanced prostate cancer has been primarily 
castration-based androgen deprivation therapy (ADT). The reason that ADT is 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-7013-6_6&domain=pdf
mailto:mizokami@staff.kanazawa-u.ac.jp


42

effective for prostate cancer is attributed to the presence of androgen receptors (AR) 
in the cytoplasm of prostate cancer cells. When the active androgen, dihydrotestos-
terone, binds to AR, AR becomes activated and translocates into the nucleus. AR 
causes the target gene to activate by binding to the target gene associated with 
growth, and ultimately dihydrotestosterone (DHT) acts as a growth factor. That is, 
contrarily, upon performing castration, androgen is depleted, which prevents the 
activation of and impedes the growth of AR, thereby producing an antitumor effect.

Hormone therapy has primarily been conducted on the basis of surgical castra-
tion up to the early 1990s; however, in the 1980s, luteinizing hormone-releasing 
hormone (LH-RH) agonists (such as leuprolide and goserelin) were developed 
(Fig. 6.1) [2–4]. Excessive administration of LH-RH agonists bind to LH-RH recep-
tors located in the pituitary gland then subsequently inhibit the expression of LH-RH 
receptors entirely, after which LH-RH cannot bind to the receptor, thereby inhibit-
ing the secretion of luteinizing hormone (LH) from the pituitary and lowering serum 
testosterone to levels comparable to surgical castration. Therefore, to date, chemical 
castration using LH-RH agonists has become common practice. Furthermore, in 
recent years, degarelix, an LH-RH antagonist with relatively a little inflammatory 
response and allergic reaction, has also been developed [5]. Upon administration of 
degarelix, LH-RH cannot bind to LH-RH receptors, thereby impeding LH secretion 
from the pituitary gland and reducing serum testosterone to levels similar to surgical 
castration.

When castration is performed, serum testosterone is reduced to below 10%; how-
ever, a small amount of testosterone remains. It is believed that more than 90% of 
serum testosterone is derived from the testis, while the remaining testosterone is 
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Fig. 6.1 The rationale for combination therapy consisting of castration plus an antiandrogen. 
ACTH Adrenocorticotropic hormone, CRH Corticotropin-releasing hormone, EGF Epidermal 
growth factor, IGF-1 Insulin-like growth factor-1, IL-6 Interleukin-6, KGF Keratinocyte growth 
factor, T Testosterone. Klotz L, A re-assessment of the role of combined androgen blockade for 
advanced prostate cancer. BJU Int (2004) [1]
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derived from the adrenal gland. It is believed that even small amounts of testoster-
one have an adverse effect on the growth of prostate cancer. Labrie et al. noted that 
following castration, there remains sufficient adrenal androgens DHEA and 
DHEA-S, and therefore not only the action of testosterone from the testis should be 
blocked, but adrenal androgen should be inhibited also; thus, they proposed the 
theory that maximal androgen blockade (MAB) should be performed [6]. 
Furthermore, Labrie et al. reported that in prostate cancer tissue following castra-
tion, androgen is only decreased to 60% and testosterone accounts for the remaining 
40%. In other words, it was suggested that even after castration, androgen is biosyn-
thesized in the prostate cancer tissue and peripheral tissue [7]. In other studies also, 
it is reported that even following castration, dihydrotestosterone (DHT) levels 
remained at 20–25% in the prostate cancer tissue [8, 9]. It is possible that even with 
less than 10% adrenal androgen, biosynthesis to DHT is promoted such as in pros-
tate cancer tissue and bones, and as a result, DHT levels greater than the serum level 
could have contribute to the growth of prostate cancer. In fact, one reason that hor-
mone-naïve prostate cancer progresses to castration-resistant prostate cancer 
(CRPC) is attributed to the involvement of adrenal androgen, and therefore as the 
treatment for CRPC, abiraterone acetate, an inhibitor of adrenal androgen synthesis, 
is used, and the effectiveness of which has been confirmed [10].

However, in the 1980s, there were no drugs capable of sufficiently inhibiting the 
production of adrenal androgen, and therefore physicians believed that MAB should 
be performed by using antiandrogens that block DHT synthesized from adrenal 
androgen in prostate cancer tissue. Consequently, several clinical trials were per-
formed to confirm the effectiveness of MAB combining castration and antiandrogen 
therapy. In these trials, castration was performed by surgical castration or LH-RH 
agonists. Furthermore, as the antiandrogen, the steroid cyproterone acetate or non-
steroids nilutamide or flutamide were used (Fig. 6.2) [11]. In a meta-analysis sum-
marizing the data of these 27 studies (of 8275 patients, 88% had metastatic prostate 
cancer, and 12% had localized advanced prostate cancer), the 5-year survival rate 
was 23.6% for castration monotherapy, in contrast to 25.4% for MAB, and while 
negligible, MAB had a better survival rate; however, there was no significant differ-
ence ([SE 1.3], log-rank 2p  =  0·11) [11]. This meta-analysis revealed that upon 
analyzing according to each antiandrogen agent, in MAB using cyproterone acetate, 
the 5-year survival rate for MAB was significantly poorer (MAB: 15.4% vs. castra-
tion 18.1%, [SE 2·4], log-rank 2p = 0.04). On the other hand, in MAB using nilu-
tamide or flutamide, the 5-year survival rate was significantly improved (MAB: 
27.6% vs. castration: 24.7%, [SE 1·3], log-rank 2p  =  0.005). Furthermore, in a 
single- center trial comparing leuprolide monotherapy against MAB combining leu-
prolide and flutamide in 603 patients with stage D2 prostate cancer, compared to 
leuprolide monotherapy, MAB showed improved progression-free survival (PFS) 
(16.5 vs. 13.9  months, p  =  0.039) and median survival (35.6 vs. 28.3  months, 
p = 0.035) [12]. Moreover, in this clinical trial, the rate of improvement in symp-
toms at 12 weeks after the start of treatment was superior for MAB. Thereafter, 
bicalutamide was developed, which is a nonsteroidal antiandrogen that has affinity 
to AR that is four times more potent than hydroxyflutamide [13]. A trial was 
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conducted comparing MAB combining LH-RH agonist and bicalutamide against 
MAB combining LH-RH agonist and flutamide in 813 patients with stage D2 pros-
tate cancer [14]. As a result, the PFS and hazard ratio for survival in the bicalu-
tamide combination group were 0.93 (95% confidence interval [Cl] 0.79–1.10, 
p = 0.41) and 0.87 (95% Cl 0.72–1.05, p = 0.15), respectively. While there was no 
significant difference concluded for the bicalutamide combination group, the results 
were good. Furthermore, on the basis of the results consolidating the PCTCG meta- 
analysis results [11] and the data from Schellhammer et al. [14], it was reported that 
MAB combining bicalutamide and castration for stage D2 prostate cancer was more 
effective than castration monotherapy with a hazard ratio of 0.8 (95% CI of 0.66–
0.98) (Fig. 6.3) [1]. However, in Western countries, trials to directly compare MAB 
using bicalutamide against castration monotherapy have not been conducted for 
ethical reasons. In the results of these meta-analyses, while MAB using nonsteroi-
dal antiandrogens was 3–5% superior to castration monotherapy, the difference was 
not so great. Given the side effects, at present MAB is rarely administered in Western 
countries [16].

On the other hand, MAB has a different status in Japan compared to Western 
countries. Bicalutamide became available in Japan in 1998. A Japanese phase II 
study using bicalutamide compared the effectiveness and safety of bicalutamide at 
50 mg/day, 80 mg/day, and 100 mg/day, with the best results obtained for 80 mg/

100 Androgen suppression only
Androgen suppression + antiandrogen

Time since randomisation (years)

80

60

40

20

0
0 5 10

23.6%

25.4%

6.2%

5.5%

Absolute
difference
1.8% (SE 1.3)

8000 prostate cancer patients in
27 trials of antiandrogen (nilutamide,
flutamide, or cyproterone acetate)

Treatment better
by 0-7% (SE 1.1)
Logrank 2p>0.1

P
ro

po
rt

io
n 

al
iv

e 
(%

)

Fig. 6.2 10-year survival in the 27 randomised trials of MSB vs. AS alone. Maximum androgen 
blockade in advanced prostate cancer: an overview of the randomised trials. The Lancet (2000) [11]
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day, and thus in Japan, the administered dose of bicalutamide is set at 80 mg/day 
[17]. Thereafter, a prospective clinical trial was conducted for LH-RH agonist 
monotherapy, in contrast to combination therapy using LH-RH agonist and bicalu-
tamide (combined androgen blockade, CAB, or MAB) (Fig. 6.4) [18]. The results 
of this clinical trial revealed that overall survival was predominantly improved in 
the CAB group than with monotherapy (hazard ratio, 0.78; 95% CI, 0.60–0.99; 
p = 0.0498; log-rank test: p = 0.0425). Upon performing a subgroup analysis, over-
all survival for stage C/D1 patients was predominantly improved more with CAB 
than with LH-RH agonist monotherapy (p = 0.0041), and for stage D2, there was no 
particular difference observed. On the basis of the results of this clinical trial and 
that Japanese people have a high incidence of liver function impairment due to flu-
tamide, as the initial treatment for advanced prostate cancer, in Japan CAB using 
bicalutamide has gained popularity.

Furthermore, in the Japanese Study Group of Prostate Cancer (J-CaP) study, fol-
low-up observation of 10 years or more after the initial treatment was performed for 
26,272 patients with prostate cancer enrolled at 385 institutions from 2001 to 2003. 
Among these patients, 5618 patients with metastatic prostate cancer were examined, 
and as a result, for stages N1 M0, M1a, M1b, and M1c, the CAB group had signifi-
cantly better overall survival than then non-CAB group (Table 6.1) [19]. Why does 
the response to hormone therapy for prostate cancer differ in Japan compared to 

Schellhammer et al [8]:
bicalutamide plus castration
versus flutamide plus castration

PCTCG meta-analysis [3]:
flutamide plus castration
versus castration alone

New analysis:
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Fig. 6.3 HRs and 95% CI for overall survival for bicalutamide plus castration vs. flutamide plus 
castration, flutamide plus castration vs. castration alone, and for bicalutamide plus castration vs. 
castration alone. Schellhammer et al. [14]: bicalutaimide plus castration vs. flutamide plus castra-
tion. PCTCG meta-analysis [15]: flutamide plus castration vs. castration alone. New analysis: 
bicalutamide plus castration vs. castration alone. Klotz L, A re-assessment of the role of combined 
androgen blockade for advanced prostate cancer. BJU Int (2004) [1]
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Western countries? Bicalutamide is administered at a dose of 50 mg/day in Western 
countries, in contrast to 80 mg/day in Japan, which is a higher dose of 1.6- fold. In the 
results of the phase II study of bicalutamide in Japan, effectiveness was higher for 
80  mg/day than 50  mg/day [17]. The fact that bicalutamide is administered at a 
higher dose in Japan could explain the effectiveness of MAB in Japan.
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On the other hand, in a retrospective analysis conducted in China, for nonmeta-
static prostate cancer, there was no significant difference observed in the overall 
survival between MAB (castration + bicalutamide or flutamide) and castration 
monotherapy. However, for metastatic prostate cancer, overall survival was clearly 
superior for MAB than for castration monotherapy (51.49  ±  16.83 vs. 
45.26  ±  17.15  months, respectively; hazard ratio 0.794; 95% CI 0.627–0.954; 
p = 0.006) (Fig. 6.5) [20]. Taking this report also into account, responsiveness to 
hormone therapy appears better compared to that in Western countries. Thus, why 
does responsiveness to hormone therapy for prostate cancer differ between Western 
and Asian countries? This could possibly be attributed to ethnic differences. The 
overall survival and cancer-specific survival in prostate cancer patients who received 
hormone therapy for prostate cancer was better for Japanese-American men than 
Caucasian men living in Hawaii (p = 0.001 and 0.036) [21]. Furthermore, in an 
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analysis using the Surveillance, Epidemiology, and End Results (SEER) registry, 
the median overall survival of patients who received hormone therapy was better for 
Asian patients than for other ethnic groups (30 months vs. 24–25 months, p < 0.001) 
[22]. Sensitivity to hormone therapy differs according to different ethnic groups, 
and therefore depending on ethnicity, the question of whether monotherapy or CAB 
is better might need to be considered.

In an effort to achieve a more reliable complete androgen blockade in CAB 
(MAB), some clinical studies are currently underway of the use of abiraterone ace-
tate, which inhibits adrenal androgen synthesis completely, and LH-RH agonist, 
rather than antiandrogens. One clinical study showed the addition of abiraterone 
acetate and prednisone to castration in patients with newly diagnosed high-risk, 
metastatic, castration-sensitive prostate cancer significantly increased overall sur-
vival compared to the placebo group (castration only) (not reached vs. 34.7 months) 
(hazard ratio for death, 0.62; 95% CI, 0.51–0.76; p < 0.001) [23]. This clinical trial 
indicates that complete androgen blockade from the initial treatment might prolong 
overall survival. Physicians, however, must consider adverse effects of complete 
androgen blockade as an initial treatment and also the sequential treatment when 
castration-sensitive prostate cancer becomes CRPC after complete androgen 
blockade.
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7Adrenal Androgen in Prostate Cancer

Yasuhiro Shibata

Abstract
Recent progress in hormone determination method in prostate tissue had revealed 
that adrenal androgen exists abundantly in the prostate even after androgen depri-
vation therapy (ADT) for the treatment of prostate cancer. Dehydroepiandrosterone 
(DHEA) is the most existing adrenal androgen in prostate after ADT that serves 
as the substrate for the production of more active androgens by steroidal metabo-
lism enzymes. Production of active androgens participates in cancer proliferation 
to become castration-resistant Pca (CRPC).

Keywords
Prostate cancer · Adrenal androgen · Metabolism · Enzyme · Castration resistant

7.1  Introduction

Since the prostate is an androgen-dependent organ, androgen is deeply involved in the 
development and progression of prostate cancer (PCa). Therefore, since Dr. Huggins, 
who received the Nobel Prize in 1966, discovered the effect of castration on PCa [1], 
androgen deprivation therapy (ADT) has been used widely as a standard treatment for 
advanced PCa. PCa regresses in almost all cases after initial ADT, but most patients have 
PCa relapse while continuing treatment and develop castration- resistant PCa (CRPC). 
There are various theories such as elevated expression and sensitivity of the androgen 
receptor (AR), activation of the coactivator, phosphorylation of the ligand-independent 
AR, and transmission of the proliferation signal without AR intervention [2]. The 
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involvement of adrenal androgen is another  theory. More than 90% of testosterone, the 
main active androgen in adult men, is derived from the testes, while the remaining 5% is 
said to originate from adrenal- derived androgens. Since testis-derived androgens are 
almost completely suppressed when ADT is administered, adrenal-derived androgens 
are involved in the proliferation of PCa after ADT.

Early studies reported that bilateral adrenalectomy or hypophysectomy results in 
pain relief in the majority of patients with CRPC and objective improvements in 
one-third of them [3]. Medical adrenalectomy with aminoglutethimide or ketocon-
azole also showed similar responses in patients with CRPC [4, 5]. In clinical prac-
tice, combined androgen blockade (CAB), which uses an oral antiandrogen in 
addition to surgical or medical castration, was developed to suppress the action of 
adrenal androgens and is reported to improve the survival rate [6, 7]. In addition, the 
effectiveness of abiraterone acetate, an inhibitor of the steroid metabolizing enzyme 
CYP17A1 that is involved in the synthesis of dehydroepiandrosterone (DHEA) in 
the adrenal gland, has been confirmed [8]. These facts suggest that adrenal-derived 
androgens are involved in the proliferation of PCa, especially CRPC.

7.2  Evaluation of Prostate Androgen Concentration by 
Highly Sensitive Quantitative Analysis

Regarding adrenal-derived androgens and PCa, it is important to establish the accu-
rate quantification method for prostate tissue steroid hormones. It is difficult to pre-
cisely evaluate tissue hormones, but recent advances in analytical methods using 
liquid chromatography–tandem mass spectrometry (LC-MS/MS) with chemical 
derivatization and purification of the target hormones have enabled prostate hor-
mone quantification from a small amount of tissue with high sensitivity and reli-
ability. Using this method, it is possible to quantify multiple hormones simultaneously 
in a very small amount of tissue such as a needle biopsy specimen.

A brief explanation of the actual quantification is as follows. After tissue homog-
enization, internal standards labeled with an isotope were added, and the steroidal 
fraction was extracted. The fraction was purified as shown in Fig. 7.1.

This highly sensitive quantitative method was validated, and the lower analytical 
limit was 2 pg for dehydroepiandrosterone (DHEA) and 1 pg for androstenedione 
(Adione), androstenediol (Adiol), testosterone (T), and dihydrotestosterone (DHT). 
Details of the quantification method were reported previously [9].

Figure 7.2 shows the results of the prostate tissue androgen analysis of PCa 
patients, PCa patients after ADT, and patients with benign prostatic hypertrophy, 
using the quantification method. After ADT, blood T level rapidly decreased to 
5–10% of the normal level, followed by a decrease in prostate T and DHT levels. In 
contrast, DHEA, an adrenal-derived androgen, is invariant and exists at a consider-
ably higher concentration than other androgens. Adione and Adiol are also unaf-
fected by ADT, suggesting the conversion from substrate DHEA. Furthermore, even 
after ADT, T and DHT in the prostate existed at 29% and 8% of the pretreatment 
levels, respectively [9].
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7.3  Hormone Metabolism in the Prostate

Steroid hormones are metabolized by the metabolic enzyme shown in Fig. 7.3, and 
active androgens are produced in the tissue. Hormonal treatments alter the hormone 
compositions in the prostate that may affect the enzymatic activity in the tissue.

For example, in clinical practice, when a 5α-reductase inhibitor is administered 
to a patient with benign prostatic hyperplasia, T accumulates due to the suppression 
of metabolism of T to DHT, while the reverse metabolism from T to Adione is 
enhanced. In the metabolic analysis of tissues using isotope label substrates, metab-
olism from T to Adione is enhanced 42 times the normal level. The accumulation of 
substrate T and metabolism of T to Adione results in increased concentrations of T 
and Adione to 70 and 11 times the normal level, respectively [10]. This finding 
indicates that metabolism is enhanced by an increase in converting enzyme activity, 
mainly HSD17B2, which is responsible for the metabolism of T to Adione (Fig. 7.4). 
In this manner, when the hormone composition in the tissue is changed by hormone 
treatment, a subsequent change in enzyme activity occurs.

7.4  Role of Adrenal-Derived Androgens in PCa

As described above, when ADT is administered, T and DHT levels in the prostate 
rapidly decrease, and the hormone composition changes. DHEA derived from the 
adrenal gland exists abundantly in the prostate even after ADT. The androgen recep-
tor in CRPC is thought to be hypersensitive, so although the androgenic activity of 
DHEA is low, it contributes to PCa progression [11].

pulverized tissue

homogenized tissue

Oasis MAX cartridge

androgen fraction

lnertSep Sl cartridge

application to LC-MS/MS

derivatization of androgens with picolinic acid

estrogen fraction

extraction with ethyl acetate

Internal standards (T-d3, DHT-d3,
DHEA-d4, Adiol-d4, P-C3)

10 times volume of distilled water

Fig. 7.1 Flow sheet of the 
analytical method 
(quotation from Ref. no. 
[9])

7 Adrenal Androgen in Prostate Cancer



54

e 10

5

0

*

PCa
(n=14)

PCa with ADT
(n=6)

BPH
(n=20)

C
on

ce
nt

ra
tio

n 
(n

g/
g 

tis
su

e)

a b

c d

100 1.0

0.5

0

0.215

10

5

0

0.1

0

PCa
(n=14)

PCa with ADT
(n=6)

BPH
(n=20)

PCa
(n=14)

*

PCa with ADT
(n=6)

BPH
(n=20)

PCa
(n=14)

PCa with ADT
(n=6)

BPH
(n=20)

PCa
(n=14)

PCa with ADT
(n=6)

BPH
(n=20)

50

C
on

ce
nt

ra
tio

n 
(n

g/
g 

tis
su

e)
C

on
ce

nt
ra

tio
n 

(n
g/

g 
tis

su
e)

C
on

ce
nt

ra
tio

n 
(n

g/
g 

tis
su

e)
C

on
ce

nt
ra

tio
n 

(n
g/

g 
tis

su
e)

0

Fig. 7.2 Levels of DHEA (a), Adione (b), Adiol (c), T (d), and DHT (e) in PCa, PCa with ADT, 
and BPH (quotation from Ref. no. [9]). The gray-shaded areas represent the upper and lower quar-
tiles, with the black bar representing the median intensity of the samples within each group. 
*p < 0.05

Y. Shibata



55

Cholesterol

Pregnenolone

DHEA

17-OH Pregnenolone

Testosterone

Androstenediol Androstenedione

Dihydrotestosterone

CYP11A1

Progesterone

17-OH progesterone

CYP17A1
hydroxylase

HSD3B 1,2

HSD3B 1,2

SRD5A

HSD3B 1,2

HSD3B 1,2
CYP17A1

lyase

CYP17A1
lyase

CYP17A1
hydroxylase

HSD17B 

Androstanediol
(3α-diol) 

Estradiol
CYP19A1

DHEA-S
STS

HSD17B

Estrone
CYP19A1

HSD17B 

AKR1C

RL-HSD
Androsterone

HSD17B3

Fig. 7.3 Steroid pathway and metabolic enzymes

a Evaluation method of hormone metabolism in prostate tissue
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Fig. 7.4 Prostate tissue hormone metabolism analysis (quotation from Ref. no. [10]). The conver-
sion of T to 4-androstene-3,17-dione and DHT in the prostate tissue was analyzed using 13C-labeled 
T combined with LC-MS/MS hormone determination (a). The conversion of 13C-T to 13C-DHT 
was significantly suppressed in the DUTA group (b, p < 0.0001). Conversion of 13C-T to 13C-4- 
androstene-3,17-dione was significantly accelerated in the DUTA group (c, p < 0.0001). LC-MS/
MS liquid chromatography–tandem mass spectrometry, HSD17B2 hydroxysteroid 17-beta dehy-
drogenase 2, SRD5A steroid 5-alpha reductase, CMA chlormadinone acetate, DUTA dutasteride, 
DHT dihydrotestosterone, Adione 4-androstene-3,17-dione, T testosterone
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All of the enzymes required for the production of DHT from DHEA exist in the 
prostate gland, and produced T and DHT may contribute to PCa progression. 
El-Alfy et al. demonstrated that 3-hydroxysteroid dehydrogenase (3-HSD), which 
catalyzes conversion of DHEA into Adione, and type 5 17-HSD, which catalyzes 
conversion of Adione into T, are expressed in the stromal fibroblasts in the prostate 
[12]. Nakamura et al. have revealed that types 5 17-HSD and 5-reductase, which 
catalyze conversion of T to DHT, are expressed in the majority of PCa [13]. 
Mizokami et al. demonstrated that PCa stromal cells and LNCaP cells coordinately 
activate AR via the synthesis of T and DHT from DHEA [14]. Stanbrough et al. 
reported that the expressions of metabolic enzymes such as HSD3B2, AKR1C3, 
SRD5A1, and AKR1C2 involved in androgen production are elevated in relapsed 
PCa and its metastatic bone marrow. As a result of increased activity of these 
enzymes involved in androgen synthesis, metabolism to Adiol, Adione, T, and DHT 
occurs in an intracrine manner in the PCa tissue even after ADT [15]. Montgomery 
et al. revealed that tissue T levels in metastases of PCa from anorchid men were 
significantly higher than those in primary PCa from untreated eugonadal men [16]. 
Locke et  al. used the LNCaP xenograft model to show that the expression of 
enzymes involved in androgen synthesis was partly increased during the course of 
CRPC development [17]. Since DHEA was the most existing androgen precursor in 
PCa tissues after ADT, these findings suggested that the enhanced intraprostatic 
synthesis of T and DHT from adrenal androgens, especially DHEA, might account 
for the development of CRPC from androgen-dependent PCa after ADT.

DHT produced in the prostate is thought to activate the AR of PCa cells, which 
are androgen hypersensitive. To suppress the action of this androgen, abiraterone 
acetate, a CYP17A1 inhibitor that inhibits the synthesis of adrenal androgens, or 
MDV 3100, an AR antagonist that has high antagonistic activity against various 
affinity and mutant androgen receptors, has been clinically applied and demon-
strated useful. Accordingly, trace amounts of active androgens produced in the pros-
tate are becoming increasingly important to treatment strategies for PCa.

 Conclusion

The importance of adrenal-derived androgens in PCa proliferation is obvious 
from the effectiveness of clinical application of abiraterone acetate, a CYP17A1 
inhibitor involved in DHEA synthesis in the adrenal gland. This adrenal-derived 
androgen is abundant even after ADT and metabolized in the PCa tissue to T and 
DHT, activates the AR, and then affects PCa proliferation and progression. This 
is particularly true in cases of PCa that become CRPC.

Furthermore, in recent years, it has been reported that the tumor itself in 
CRPC tissues expresses the enzymes involved in androgen synthesis from cho-
lesterol, enabling de novo production of active androgens. The development of 
further new treatment strategies targeting the control of steroid metabolism in the 
tissues is eagerly awaited.
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8Intermittent ADT for Prostate Cancer

Koichiro Akakura

Abstract
Intermittent ADT (androgen deprivation therapy) was proposed to prolong 
androgen dependency of prostate cancer and was found to possess potential ben-
efits of reduced toxicities during the off-treatment period. For application of 
intermittent ADT, ADT with LHRH agonist or antagonist is introduced, and 
those who show PSA response are candidates of intermittent ADT. Then ADT is 
terminated, and serum PSA and testosterone are measured every 3–6 months. 
When PSA reaches a certain level, ADT is resumed. This cycle of on- and off- 
treatment is repeated. According to systematic reviews and meta-analyses com-
parisons between intermittent versus continuous ADT, no significant difference 
was revealed in terms of overall survival, time to progression, and cancer-specific 
survival. There was a tendency favor of intermittent ADT for adverse effects and 
QOL. Therefore, intermittent ADT is considered as one of the standards of care 
for prostate cancer patients who show PSA failure after curative therapy or have 
advanced disease. Tasks to be resolved are to establish selection of good candi-
dates and to determine an optimal and personalized method of intermittent ADT.
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8.1  Introduction

For the management of advanced prostate cancer, hormone therapy has been uti-
lized as a principal modality of treatment. Since surgical castration was introduced, 
hormone therapy continues to be one of the most common strategies effected by 
means of androgen deprivation therapy (ADT). Although the initial effect of ADT is 
prominent, progression to androgen-independent status (castration-resistant pros-
tate cancer) often occurs within a few years. Therefore, several attempts have been 
made to maintain the androgen-dependent status of the tumor for as long as possi-
ble. In addition, a variety of adverse effects may be associated with ADT, which 
include hot flush, sexual dysfunction, metabolic disorders, and osteoporosis. The 
long-term use of ADT would contribute to the development of those adverse effects. 
Intermittent ADT was proposed to prolong androgen dependency of prostate cancer 
[1] and was found to possess potential benefits of reduced toxicities during the 
 off- treatment period.

8.2  Concept of Intermittent ADT

In general, adenocarcinoma of the prostate shows androgen dependency; the tumor 
develops and grows in the presence of androgen and regresses through apoptosis by 
deprivation of androgen. However, the regressed tumor progresses after a while and 
becomes androgen independent. In in vitro and in vivo experiments using androgen- 
dependent tumor models, androgen dependency can be maintained in the presence 
of androgen; androgen-dependent cancer cell lines can be serially cultured in the 
physiological concentration of androgen in the medium, and androgen-dependent 
xenografts are successfully transplanted into the male hosts. However, long-term 
deprivation of androgen causes these cancer cells to become androgen independent. 
Androgen deprivation could be a trigger for progression to an androgen- independent 
status. Therefore, it is hypothesized that when the androgen-dependent tumor 
regresses following androgen deprivation, if androgen is replaced again, the tumor 
might recover the potency of apoptosis induced by androgen deprivation. 
Accordingly, it is expected that, by repeated cycles of androgen deprivation and 
replacement, androgen dependency of the tumor could be maintained for a longer 
time period (Fig. 8.1) [1].

8.3  Intermittent ADT in Animal Models

Shionogi carcinoma is an androgen-dependent mouse mammary tumor; surgical 
castration of a tumor-bearing male mouse results in regression of the tumor through 
induction of apoptosis. Using the Shionogi model, four to five  cycles of tumor 
regression and regrowth were obtained by repeated androgen deprivation and 
replacement [1]. In a human prostate cancer cell line, LNCaP, which is transplanted 
into nude mice, serum PSA level was maintained in an androgen-dependent manner 
for a longer period by intermittent ADT, compared with continuous ADT [2]. On the 
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contrary, in an androgen-sensitive but -independent rat prostate cancer xenograft, 
the Dunning R3327H tumor, intermittent ADT was inferior to continuous 
ADT. Intermittent ADT in the Dunning tumor demonstrated cycles of stabilization 
and growth of the tumor during on- and off-treatment periods, respectively (Fig. 8.2) 
[3]. Therefore, to obtain the benefits of intermittent ADT, the tumor must be strictly 
androgen dependent; the tumor regresses by androgen deprivation.

8.4  Clinical Experiences of Intermittent ADT

The development of reversible hormonal agents such as LHRH agonists/antagonists 
or antiandrogens and prevalence of serum prostate-specific antigen (PSA) as a reli-
able and feasible tool for monitoring made it possible to apply ADT intermittently. 
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Based on the promising results of investigational research using an androgen- 
dependent animal model, our group in Vancouver reported 47 cases of prostate can-
cer treated with intermittent ADT [4]. Thereafter, a number of clinical experiences 
of intermittent ADT have been published for various stages of prostate cancer by 
different methods and for different durations of ADT [5]. Most of the studies dem-
onstrated promising results and emphasized improved QOL by intermittent ADT 
[6]. Moreover, a recent report described a lower risk of heart failure and fracture in 
intermittent ADT than in continuous ADT [7].

8.5  Randomized Controlled Trials and Meta-analyses/
Systematic Reviews Comparing Intermittent Versus 
Continuous ADT

Several randomized controlled trials (RCT) have been conducted to compare the 
efficacy of intermittent and continuous ADT (Table 8.1) [8–16]. All trials except for 
the SWOG 9346 trial [13] showed similar or non-inferior outcomes with intermit-
tent ADT than those with continuous ADT. On the other hand, most trials pointed 
out the benefits of intermittent ADT with regard to adverse effects and QOL.

In the SWOG 9346 trial [13], overall survivals had been compared between 
intermittent versus continuous ADT in the metastatic prostate cancer patients. The 
median overall survivals were 5.1 years in intermittent ADT and 5.8 years in con-
tinuous ADT, and the hazard ratio was estimated to be 1.09 (90% confidence inter-
val, 0.95–1.24). Since the obtained 90% confidence interval exceeded 1.20 (the 
upper boundary for non-inferiority), non-inferiority of intermittent ADT was not 
supported compared to continuous ADT. In this study, the included cases consisted 
of metastatic patients only, and the PSA level to resume ADT was set at 20 ng/
mL. Thus, it is suggested that intermittent ADT would not be suitable for the far- 
advanced prostate cancer patients with systemic metastasis.

Crook et al. reported the result of RCT in a patient who demonstrated PSA fail-
ure after definitive radiotherapy for prostate cancer [11]. The hazard ratio of overall 
survival was estimated to be 1.03 (95% confidence interval, 0.87–1.22), showing 
non-inferiority of intermittent ADT compared to continuous ADT.

The comparisons between intermittent and continuous ADT in several system-
atic reviews and meta-analyses of RCTs were published [17–22]. No significant 
difference was revealed in terms of overall survival, time to progression, and cancer- 
specific survival. There was a tendency favor of intermittent ADT for adverse effects 
and QOL.

A recently reported randomized controlled trial showed that in patients with a 
rising PSA after curative therapy, immediate ADT significantly improved overall 
survival compared with delayed ADT [23]. In this trial, the majority of patients had 
been treated with intermittent ADT in both arms (immediate ADT arm, 67%; 
delayed ADT arm, 65%). Therefore, for patients with PSA failure after curative 
therapy, if systemic therapy is considered, immediate initiation of intermittent ADT 
would be recommended.
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8.6  Clinical Guidelines Concerning Intermittent ADT

Although intermittent ADT has been previously classified as an experimental 
method of treatment, the latest guidelines strongly recommend intermittent ADT 
especially for patients who demonstrate PSA failure after treatment with curative 
intent. Guidelines on prostate cancer by the European Association of Urology rec-
ommend that if salvage ADT (postprimary radiotherapy) is started, intermittent 
ADT is offered to responding patients, and that in asymptomatic M1 patients, inter-
mittent ADT is offered to highly motivated men. According to NCCN Guidelines 
Version 2.2017 on prostate cancer, in ADT for biochemical failure without metasta-
sis, men who choose ADT should consider intermittent ADT.

8.7  Methods of Intermittent ADT

Generally, ADT with LHRH agonist or antagonist is utilized for intermittent hor-
mone therapy, and the majority of guidelines recommend suppression of testoster-
one for application of intermittent hormone therapy. Although a few attempts have 
been made to use antiandrogen or estrogen intermittently [24, 25] and such method 
of intermittent hormone therapy has potential benefits of less adverse effects and 
cost, there has been no confirmed evidence to demonstrate the usefulness of inter-
mittent administration of antiandrogen or estrogen. There is no consensus on the use 
of combined androgen blockade (LHRH agonist/antagonist plus antiandrogen) for 
intermittent ADT. However, it may be advised to add antiandrogen at induction of 
LHRH agonist of each cycle of ADT to prevent the flare-up phenomenon by a tran-
sient increase in serum testosterone.

For monitoring, serial (every 3–6 months) measurements of serum PSA are rec-
ommended along with assessment of symptoms. When consecutive increase in 
serum PSA is observed during the ADT period, or clinical evidence of disease pro-
gression is demonstrated, intermittent ADT should be considered as failure for the 
patient and they should be moved to continuous ADT.

8.8  Advantages and Disadvantages of Intermittent ADT

With intermittent ADT, it is possible to achieve several benefits. The incidence and 
degree of adverse effects of ADT decrease or improve by intermittent ADT. Most of 
the adverse effects, including sexual dysfunction, hot flush, and fatigue, cease dur-
ing the off-treatment period, and the risk of cardiovascular events and osteoporosis 
may be reduced by intermittent ADT [7]. Several domains of the quality of life are 
improved by stopping ADT [6]. From the economical point of view, cost of treat-
ment is reduced by intermittent ADT, compared to continuous ADT as far as the 
same agent is used. Finally, it may be expected that intermittent ADT will achieve 
prolonged progression-free and overall survival.
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As for the disadvantages of intermittent ADT, during its application, frequent 
measurements of serum PSA and testosterone are required. Although there is no 
certainty whether the prostate cancer will be cured by ADT, chances of cure might 
be missed by stopping the therapy. Although serum PSA is thought to be a useful 
marker for monitoring the disease status, there is a risk of developing progression 
without elevation of serum PSA during intermittent ADT.

8.9  Future Directions for Intermittent ADT

Intermittent ADT was initially used for patients with metastatic or advanced pros-
tate cancer. However, recently observed stage shift to early disease, probably due to 
the prevalence of serum PSA measurements, resulted in a dramatic increase in the 
number of curative therapies used, such as radical prostatectomy and radiotherapy. 
In recent times, a number of patients develop PSA failure after curative therapy. 
Some of these patients are treated with ADT and may be under control for a long 
time period. Therefore, adverse effects of ADT will be serious problems for those 
patients, and intermittent ADT could be an option for the long-term management of 
prostate cancer patients without metastasis. In general, it is supposed that intermit-
tent ADT has been widely used in localized, locally advanced, metastatic, or recur-
rent prostate cancer patients for the purpose of QOL improvement and cost reduction 
[26].

Meta-analysis studies demonstrated significant factors for progression-free sur-
vival for patients treated with intermittent ADT [27]. However, good candidates for 
intermittent ADT are still unknown. Moreover, a number of questions are still to be 
answered: Which is the appropriate method of ADT for each patient, LHRH ago-
nist, LHRH antagonist, antiandrogen alone, or combined androgen blockade? At 
which PSA levels should therapy be terminated and restarted? To resolve these, 
accumulation of clinical data is crucial. Recent studies of mathematical models of 
intermittent ADT may be able to determine the future course of each patient by a 
precise analysis of PSA kinetics [28–30]. This model will be extremely useful for 
the establishment of personalization of intermittent ADT, selection of good candi-
dates, and optimization of the method and duration of ADT for each patient.
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9Prognostic Significance of Monitoring 
Serum Testosterone in Primary ADT 
for Prostate Cancer
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Abstract
In the 1940s, Charles Huggins et al. published a paper describing the clinical 
benefits of surgical castration and estrogen administration in prostate cancer 
patients. Later, Huggins was awarded the Nobel Prize to acknowledge the impor-
tance of his findings in this field. Since that time, androgen deprivation therapy 
(ADT) remains a standard therapy for metastatic prostate cancer. Although the 
main aim of ADT is the control of the serum testosterone (TST) level below the 
castration level, a series of evidences indicated the clinical significance of con-
trolling the serum TST level even below the standard castration level. In terms of 
TST production, multiple pathways exist, such as “classical pathway” and “back-
door pathway.” Upregulation of such pathways, even inside the tumor, contrib-
utes to the acquisition of castration resistance. Thus, monitoring serum TST 
levels provides us further understanding of tumor behavior in individual patients. 
In this chapter, we will discuss the prognostic significance of monitoring serum 
TST levels in primary ADT for prostate cancer.
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9.1  Introduction

The serum testosterone (TST) level was a significant factor associated with other 
clinical variables in prostate cancer. In earlier pieces of evidence, pretreatment TST 
levels were related to the Gleason score [1–4], pathological stage [5–7], and risk of 
biochemical failure after radical prostatectomy [8]. In the case of metastatic prostate 
cancer, androgen deprivation therapy (ADT) is the mainstay of treatment [3, 9, 10]. 
According to current clinical guidelines, the castrated TST level during androgen 
deprivation therapy for prostate cancer is defined as TST <50 ng/dL [11]. However, 
this was established more than 40 years ago, when the TST tests were limited [10].

9.2  The Significance of Lower Testosterone Level  
Below 50 ng/dL

A recent advance in chemiluminescence has made it possible to accurately measure 
serum TST levels even below 50 ng/dL. The nadir serum TST level below 20 ng/dL 
has been reported whether it is surgically or medically castrated. Van et al. indicated 
that medically castrated men had significantly lower TST levels (median 4.0 ng/dL) 
than those surgically castrated (median 9.2 ng/dL) [12]. Several studies provided 
evidence about the correlation between castration level and prognosis [9, 10, 13]. 
The most clinically significant castration level during ADT remains controversial. 
Morote et al. reported the clinical significance of breakthrough TST increases of 
20 ng/dL and 50 ng/dL (Table 9.1) [10]. They argued that absence of breakthrough 
below TST 20 ng/dL is a good predictive factor for survival free of androgen-inde-
pendent progression [10]. They also mentioned patients who achieved nadir TST 
below 32 ng/dL showed favorable prognosis. They reported the clinical significance 
of the lower castration level for the first time. Perachino et al. revealed a direct cor-
relation between the risk of death and TST at 6 months (29 ng/dL; median) during 
ADT (p < 0.05) [13] (Table 9.1). Bertaglia et al. reported the clinical significance of 
TST levels after 6 months of ADT, and they concluded that a TST level <30 ng/dL 
was a favorable prognostic factor for survival [9] (Table 9.1). In the case of evidence 
with regard to the combined androgen blockade (CAB), Yasuda et al. reported that 
the mean TST levels did not show a significant relationship with time to PSA pro-
gression, cancer-specific survival, and overall survival (OS) [14] (Table 9.1). On the 
other hand, Kamada et al. reported nadir TST <20 ng/dL was the best predictor for 
OS in patients on CAB. Furthermore, it takes about 1 year (median, 11.3 months) to 
reach the nadir TST level on CAB [15]. These results were in accordance with the 
result of Klotz et al. reporting the clinical significance of minimum (nadir) testoster-
one levels within the first year of ADT. It also supported the prognostic impact of 
lower TST levels below 20 ng/dL [16].

S. Sakamoto



71

9.3  The Difference in Clinical Outcome Between GnRH 
Antagonist and LHRH Agonist

The gonadotropin-releasing hormone (GnRH) antagonist degarelix was noninferior 
to the luteinizing hormone-releasing hormone (LHRH) agonist for the proportion of 
the patients to achieve castration levels [17]. However, based on the meta-analysis 
of the current five randomized control trials, degarelix seems to have a clinical 
advantage over the LHRH agonist. Prostate-specific antigen (PSA) progression-free 

Table 9.1 Levels of serum TST and prognosis in patients treated with androgen deprivation 
therapy

Authors Morote [10]
Perachino 
[13]

Bertaglia 
[9]

Yasuda 
[14]

Kamada 
[15] Klotz [18]

Year 2007 2010 2013 2014 2015 2015
n 73 129 153 69 225 626
Age 70.7 75 71 70 73 73.2
cT ≥3 13.7 – 67.3 – 65.2 –
GS ≥8 31.5 37.2 37.8 – 57.0 –
Metastatic 
ca. (%)

0.0 100.0 35.3 – 60.3 0.0

Pretreatment 
(%)

31.5 – 64.9 0.0 0.0 –

CAB (%) 38.4 0.0 0.0 100.0 100.0 –
TST 
evaluation

Breakthrough At 6 
months

Lower in 
two tests

Mean Nadir Nadir/
median/max 
at 12 months

PFS
50 ng/dL ○ NE Χ NE NE Nadir/

median/
maximum

32 ng/dL ○ NE NE Χ Χ NE

20 ng/dL ○ NE Χ Χ Χ Nadir/median

OS/CSS
50 ng/dL NE NE Χ NE NE Nadir/

maximum
40 ng/dL NE ○ NE NE NE NE

30 ng/dL NE NE ○ Χ ○ NE

20 ng/dL NE NE ○ Χ ○ Nadir

15 ng/dL NE NE NE Χ NE NE

8 ng/dL NE NE NE NE Χ NE

○: p < 0.05; Χ: p ≥ 0.05
NE no related evidence
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survival (PFS) and OS were improved in the degarelix group (HR: 0.71, p = 0.017; 
HR: 0.47, p = 0.023, respectively). OS was particularly improved with degarelix in 
patients with baseline TST levels >2 ng/mL (HR: 0.36, p = 0.006) [18]. Degarelix 
also seems to have an advantage over the LHRH agonist concerning disease-related 
adverse events overall, including joint-related signs and symptoms, musculoskeletal 
events, and urinary tract symptoms [18]. The difference may be explained by the 
distinct mode of action of degarelix compared with LHRH agonists. First, degarelix 
causes rapid and consistent TST suppression. Micro-surges of TST mediated by the 
re-administration of the LHRH agonist may potentially have an adverse effect on 
the prognosis. Second, although the precise role of extra-pituitary GnRH receptor 
expressions is not yet clear, a number of extra-pituitary tissues including peripheral 
blood mononuclear cells and prostate cancer cells express GnRH receptors [18]. 
Third, degarelix provides consistent follicle-stimulating hormone (FSH) suppres-
sion compared with LHRH agonists [17]. Inhibition of FSH is considered to have 
significance with regard to tumor growth, bone resorption, and control of adipocytes 
and obesity. A number of mechanistic differences may affect the prognostic advan-
tage of the GnRH antagonist over the LHRH agonists.

9.4  Intratumoral Androgen Synthesis

In spite of maintenance under the castration level, the majority of prostate cancer 
patients will develop castration resistance. One of the critical factors of castration 
resistance is the development of a compensatory TST production mechanism during 
androgen deprivation therapy, proposed as an intratumoral androgen synthesis. It has 
shown in mouse xenograft models that TST levels within metastasis cancer under 
castrated conditions are even higher than the TST levels within primary cancer under 
noncastrated conditions [19]. The TST level within the metastatic tumor was suffi-
cient to activate the androgen receptor-mediated pathway to further promote the 
tumor growth even under castrated conditions. The reason behind this seems to be 
mediated by alteration in genes encoding steroidogenesis which mediates intratu-
moral steroidogenesis. The castration-resistant metastatic tumor showed a significant 
increase in the expression of FASN, CYP17A1, HSD3B1, HSD3B2, CYP17A1, 
SDKR1C3, and HSD17B3, key enzymes required for the metabolism of progestins to 
adrenal androgens and subsequent conversion to TST.  Another mechanism is the 
increased production of dihydrotestosterone (DHT) without the usage of TST as a 
substrate, called alternate “backdoor pathway.” Classically, DHT is created as a 
result of the metabolism of TST; however, in the case of the backdoor pathway, DHT 
is created by the progesterone metabolism mediated through the upregulation of 
SRD5A1 and RDH5 in the metastatic tumor (Fig. 9.1) [20]. Although not statistically 
significant, the patients with high nadir TST (≥20 ng/dL) had more bone metastatic 
lesion compared to those with low nadir TST (<20 ng/dL) [15]. The nadir TST level 
during androgen deprivation therapy may potentially indicate the amount of intratu-
moral TST production mediated by primary and metastatic cancer lesions.
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9.5  Significance of TST Suppression at Early Stage 
of Prostate Cancer

A series of evidence indicated that reduced serum TST levels under primary ADT in 
castration-sensitive prostate cancer (CSPC) patients result in favorable prognosis 
[15, 16]. However, there has been a controversy concerning TST suppression, 
whether (1) the reduction of serum TST itself has a therapeutic significance or (2) 
the cases reduced serum TST is the one to have prolonged survival.

An essential mechanism to escape from cancer control by androgen ablation 
therapy includes the intracellular steroid precursors to androgen by prostate cancer 
cells. Abiraterone acetate is a selective, irreversible CYP17 inhibitor that is critical 
in the production of androgen in the testis, adrenal gland, and tumor cells. The 
recent two reports based on the therapeutic utility of abiraterone acetate as the pri-
mary treatment may provide a practical answer. Fizazi et al. reported that abiraterone 
acetate with 5 mg of prednisolone prolonged OS compared to control (HR 0.62, 
p < 0.001) in high-risk metastatic CSPC patients (having at least two of the follow-
ing: Gleason score of 8 or more, three bone metastases, and the presence of visceral 
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Fig. 9.1 Schematic outline of the steroidogenic pathway from cholesterol to dihydrotestosterone, 
including classical and backdoor pathways. Inside the prostate cancer cells, genes such as HSD3B1, 
CYP17A1, AKR1C3, SRD5A1, and SRD5A2 were upregulated and activate the TST/DHT synthesis 
in the classical pathway. Upregulation of SRD5A1, SRD5A2, and RDH5 contributes to DHT pro-
duction, independent of TST, through the backdoor pathway
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metastasis) [21]. James et al. also reported a clinical advantage of primary treatment 
with abiraterone acetate in various stages of CSPC patients even includes 28% of 
nonmetastatic status. Abiraterone prolonged OS in all the patients (HR0.63, 
p < 0.001). The prognostic advantage of abiraterone acetate seems to be regardless 
of metastatic status, with an HR of 0.75  in nonmetastatic and 0.61  in metastatic 
patients [22]. These data indicated clinical significance of complete TST suppres-
sion at the early stage of prostate cancer treatment. Furthermore, these data may as 
well provide the evidence that reduction of TST comes first to extend the survival of 
prostate cancer patients.

9.6  Future Directions

Current pieces of evidence indicating control of low serum TST levels seem to be 
the key to mediate favorable prognosis in patients treated with ADT. On the other 
hand, in prostate cancer, adrenal and intratumoral sources of androgen stimulate 
tumor growth, which cannot be controlled by LHRH analogs and GnRH antago-
nists. Although the mechanisms are quite different, novel androgen receptor (AR)-
targeted agents such as abiraterone acetate and enzalutamide are potentially able to 
suppress extragonadal TST-mediated activation of AR.  As the early use of abi-
raterone showed survival advantage [21, 22], treatment with intensive blockade of 
TST-AR axis during the primary treatment of CSPC may become the standard ther-
apy in future. On the other hand, treatment with novel AR-targeted drugs is known 
to create AR splicing variants in over 95% of patients when detected with circulat-
ing tumor cells (CTCs) in the patients’ blood [23]. The early use of novel AR-targeted 
drugs may potentially induce rapid development of castration resistance in some 
patients. It may be ideal to establish a marker to identify those who will benefit or 
not benefit from the primary intensive treatment among prostate cancer patients.
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Abstract
The racial differences in clinical outcome after hormone therapy for prostate 
cancer, especially between Caucasians and Japanese, are discussed in this chap-
ter. Several studies reported better survival in Asians than Caucasians, after hor-
monal therapy, in the United States. A marked racial difference in clinical 
outcome after hormonal therapy was observed in our study between Japanese 
and Caucasians in Hawaii. The efficacy of hormone therapy is not uniform with 
regard to different countries or races. These findings support both existing guide-
lines endorsing hormone therapy in Asia and those which caution its use in 
Western countries.
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10.1  Introduction

The incidence of prostate cancer is increasing worldwide. It is well known that the 
incidence of prostate cancer is markedly different among various races and coun-
tries. Prostate cancer is the most commonly diagnosed cancer in Western countries 
[1]. Asians, especially, Japanese and Chinese, have prostate cancer incidences lower 
than Caucasians [2]. Interestingly, the prostate cancer incidence in Japanese 
Americans is intermediate between Japanese living in Japan and Caucasians in the 
United States [3] (Fig. 10.1). The reasons for the risk differential are unknown. The 
lower incidence among Japanese born in the United States compared with US 
whites may mean that Japanese immigrant’s descendants retain some genetic and/or 
lifestyle characteristics that make their risk for prostate cancer less than that of US 
whites. If the prostate cancer’s behavior is due to any genetic differences related to 
race, this may result in different clinical responses to treatment. Also, prostate can-
cer is well known as an androgen-dependent cancer, and some studies indicate that 
the different character of prostate cancer in each race might be associated with the 
different hormonal environments [4, 5]. This may influence the effectiveness of 
hormone therapy in different races. Only few publications have compared prostate 
cancer treatment and patient survival among different ethnic groups. Several studies 
indicate that race is a prognostic factor for African-American and White men. But 
the differences in survival between Asian and White men are not well known.

In this chapter, we will discuss the racial differences in clinical outcome after 
hormone therapy for prostate cancer, especially between Caucasians and Japanese.

White (US Connecticut)

120

100

80

60

40

20

0
1960-1963 1960-1964 1968-1972 1973-1977 1978-1982 1983-1987 1988-1992 1993-1997 1998-2002 2003-2007

Japanese (Hawaii)

Japanese (Miyagi)

Year of diagnosis

R
at

e 
pe

r 
10

0,
00

0

Fig. 10.1 Time trend in prostate cancer incidence

T. Fukagai et al.



79

10.2  Impact of Ethnicity on the Survival of Men with Prostate 
Cancer in the United States

Several studies reported different clinical outcomes among various ethnicities in the 
United States. Many studies reported the higher mortality and poor prognosis of 
African-American men with prostate cancer after various treatment modalities. 
There have been just a few studies reporting the clinical outcome of prostate cancer 
in Asian ethnic groups in the United States. A study in the 1970s reported better 
5-year- relative survival rates for prostate cancer in Japanese and Chinese American 
men than Caucasian men in the United States [6]. McCracken et al. investigated 
cancer incidence and mortality for five Asian-American ethnic groups in California 
in order of population size (Chinese, Filipino, Vietnamese, Korean, and Japanese). 
In this study, all Asian ethnic groups showed lower mortality than non-Hispanic 
whites in California. These studies indicate Asian-Americans with prostate cancer 
had longer life expectancies than Caucasians in the United States [7]. The report 
from the National Cancer Institute (NCI) introduced 5-year relative survival by 
race/ethnicity and stage in 1983–1993. This monograph showed similar 5-year rela-
tive survival in Japanese Americans and whites with localized prostate cancer. But 
interestingly, Japanese Americans showed higher 5-year relative survivals (about 
50%) than whites (about 30%) with prostate cancer with distant metastasis [8]. 
Recently, Bernard investigated the impact of ethnicity on the outcome of men with 
metastatic, hormone-sensitive prostate cancer [9]. This study showed that Asian 
men have superior median overall survival (OS) and prostate cancer-specific mor-
tality for distant, de novo, metastatic PCa than men of other races in the SEER data. 
The superior survival of Asians in the SEER results from this study suggests a pos-
sible biologic difference between the races with respect to the risk of relapse after 
therapy for localized disease and responsiveness to therapy given potentially similar 
environmental exposures in this US population. One large cohort study of patients 
with prostate cancer who received androgen deprivation therapy (ADT) demon-
strated better survival among Asians and Hispanics than among whites or African 
Americans [10]. The best survival rates were observed among Asians, who had a 
37% lower risk of mortality than whites, after adjusting for prognostic factors such 
as tumor characteristics, treatments, and sociodemographic data.

10.3  Comparison of Clinical Outcome of Prostate Cancer 
Among Various Ethnics in Hawaii

10.3.1  Comparison of Clinical Outcome Between Caucasians 
and Japanese

As previously stated, few publications have compared prostate cancer treatment and 
patient survival between Caucasian and Asian men. Young et al. reported with SEER 
program data that Japanese had higher survival for prostate cancer [6]. But the rea-
son for this was not established, and survival was not examined by the type of 
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treatment received. We have investigated racial differences in clinical outcome after 
treatment for prostate cancer in Hawaii [11]. The findings of our research are as 
follows.

During 1992–2001, 2074 prostate cancer patients were registered in Tumor 
Oncology Registry, of The Queen’s Medical Center, Honolulu, Hawaii, USA. Of 
these prostate cancer patients, 642 Japanese men and 465 Caucasian men were 
included. We divided these patients according to race and treatment methods, pros-
tatectomy, radiation therapy, hormone therapy, or no treatment (watchful waiting), 
and compared the clinical outcomes between Caucasians and Japanese. Clinical 
information was obtained from the hospital tumor registry. All living patients were 
followed to the end of 2001, and none were lost to follow-up. Age, stage, Gleason 
score, race, and pretreatment PSA values were abstracted. The Caucasian and 
Japanese patient groups were similar in terms of age, clinical stage, pretreatment 
PSA levels, and Gleason scores. We could not find any significant differences in 
clinical outcome after treatment with prostatectomy or watchful waiting (Fig. 10.2).

We investigated the prognosis of Caucasian and Japanese patients with hormone 
therapy in detail. The specific type of hormone therapy each patient received (con-
ventional surgical, medical castration alone, or combined androgen blockade (CAB)) 
was not available. Details of the patient characteristics of the two ethnic groups are 
given in Table 10.1. None of the patients received definitive surgical or radiation 
therapy. Differences in patient characteristics between the two groups were calcu-
lated using t-test and the chi-square test. The clinical endpoint was survival. The 
Kaplan-Meier method was used for overall and cause-specific survival curves, which 
were compared using log-rank statistics. Age, stage, Gleason score, race, and pre-
treatment PSA values were assessed as to their interdependence and correlation with 
the clinical course using Cox’s proportional hazard regression model. The hospital’s 
Institutional Research Board approved the study. Median follow-up was 51 months 
(range 2–126) for Japanese-American men (JAM) and 36 months (range 2–88) for 
Caucasian men (CM). There were no statistically significant differences in patient 
characteristics between the two groups (Table 10.1). Forty five JAM and 32 CM died 
during the follow-up period. At 60 months, the overall survival rate was 65.5% for 
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JAM and 41.7% for CM (p = 0.01). JAM who received hormone therapy had a better 
overall and cause-specific survival rate compared to CM (p = 0.001 and p = 0.036, 
respectively) (Fig. 10.3). For patients with metastasis (CM: 15, JAM: 37) and with-
out metastasis (CM: 44, JAM: 68), the overall survival rate was higher in JAM 
(p = 0.032 and 0.007, respectively). We examined the simultaneous influence of five 
covariables (age, clinical stage, race, Gleason score, and pretreatment PSA) on time 
to death. Race was a significant prognostic factor on multivariate analysis (p = 0.03) 
along with pretreatment PSA (p = 0.03). The findings suggest a difference in the 

Table 10.1 Baseline characteristics of ethnic groups

Japanese
(n = 105)

Caucasian
(n = 59) p value

Age
Median (range) 77 (53–92) 77 (51–90)
Mean ± SD 75.8 ± 8.1 76.5 ± 8.2 0.55
PSA
Median (range) 46.1(3.9–9783) 16.2 (0.6–4000)
Mean ± SD 351.1 ± 1437.4 152.3 ± 583.9 0.355
Clinical stagea

I 0 (0%) 0 (0%)
II 53 (50%) 37 (63%) 0.1b

III 10 (10%) 1 (2%)
IV 42 (40%) 21 (36%)
Gleason score
2–6 14 (13%) 8 (14%)
7 33 (31%) 18 (31%)
8–10 52 (50%) 31 (53%)
Unknown 6 (6%) 2 (3%)
Median (range) 8 8
Mean ± SD 7.7 ± 1.2 7.7 ± 1.4 0.883

aClinical stage followed by 1997 UICC’s TNM classification
bχ-square test
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effectiveness of hormone therapy of prostate cancer in JAM living in Hawaii com-
pared to CM living in Hawaii. As far as we know, this is the only study comparing 
the prognosis, particularly after hormone therapy, between Caucasians and Japanese 
in the United States. Our study consisted of a relatively small number of patients, and 
the information on progression-free survival rate was not available. All patients were 
treated by the same group of urologists in a single institution, with follow-up man-
agement in cases of relapses. It is also unlikely that only one ethnic group, the 
Japanese, had a large proportion of CAB treatment because both ethnic groups had 
almost the same clinical background and were treated by the same urologists. 
Therefore, we believe that our study findings are significant even though we did not 
have the information on progression-free survival.

10.3.2  Comparison of Clinical Outcome After Hormone Therapy 
Among Other Races

After finding that Japanese patients showed better prognosis after hormone therapy, 
we investigated the clinical outcome after hormone therapy in other races. This 
research is ongoing. We found 126 Filipino and 36 Chinese who had hormone treat-
ment from same tumor registry in Hawaii. We compared these patients’ clinical 
outcome with that of Caucasians and Japanese. Interestingly, Chinese men show 
almost the same prognosis as Japanese and better prognosis than CM.  Filipinos 
show worse prognosis after hormonal therapy than Japanese but better than CM 
(Fig. 10.4).

Fig. 10.4 Overall survival rate after hormone therapy according to race: comparison among 
Japanese, Caucasian, Chinese, and Filipino in Hawaii
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10.4  Comparison of Clinical Outcome After Hormone 
Therapy Between Japanese in Japan and US Population

Do Japanese prostate cancer patients in Japan have longer survival after hormone 
therapy than US prostate cancer patients? It is difficult to compare the clinical out-
comes between Japanese and US patients because of large differences in prostate 
cancer screening in each country. The proportion of early-stage prostate cancer at 
diagnosis has increased in the United States following introduction of the PSA test.
Currently, about 50% of men in the United States have a prostate-specific antigen 
(PSA) test annually, and about 75% of men have had a PSA test [12]. On the other 
hand, although some Japanese prefectural and city government offices have con-
ducted prostate cancer screening, nationwide the percentage of municipalities con-
ducting prostate cancer screening is still not large. The increase in early-stage 
cancer, detected in the US medical system, has not yet appeared in the Japanese 
medical system; thus, Japanese prostate cancer patients have more advanced stage, 
higher-grade prostate cancer at diagnosis. Consequently, Japanese prostate cancer 
patients had worse prognosis than US patients.

A recent report by Cooperberg and Akaza successfully compared clinical out-
comes after hormone therapy between Japanese and US patients [13]. They com-
pared data directly between men receiving hormone therapy (primary androgen 
deprivation therapy (PADT)) in the US Cancer of the Prostate Strategic Urologic 
Research Endeavor (CaPSURE) registry and the Japanese Cancer of the Prostate 
(J-CaP) registry database. Competing risk regression was used to assess prostate 
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cancer-specific mortality (CSM), adjusting for Japan Cancer of the Prostate Risk 
Assessment (J-CAPRA) score and other patients’ backgrounds. Despite different 
risk profiles between the cohorts, CSM was similar on univariate analysis (log-rank 
p = 0.88). On multivariable regression, the subhazard ratio for CSM was 0.52 for 
J-CaP vs. CaPSURE (95% confidence interval 0.40–0.68) (Fig.  10.5). Men on 
PADT in Japan have less than half the adjusted CSM than those in the United States. 
This study also showed that at each level of risk according to J-CAPRA score, out-
comes were substantially better in J-CaP compared with CaPSURE (log-rank, 
p < 0.001).

10.5  Discussion

We reviewed some studies, including our research, that compared clinical outcomes 
of Caucasian and Asian prostate cancer patients. These studies indicated that Asian 
prostate cancer showed longer survival and better response to hormone therapy than 
Caucasian men in Western countries. Our additional study of other ethnic groups in 
Hawaii has also shown different prognosis after hormonal therapy. Chinese men 
show almost the same prognosis as Japanese and better prognosis than CM. Filipinos 
show worse prognosis after hormonal therapy than Japanese but better than 
CM. Interestingly, the prognosis after hormonal therapy is inversely correlated with 
the prostate cancer incidence of the ethnic group. As previously noted, the incidence 
of prostate cancer within ethnic groups may relate to the exogenous or endogenous 
hormonal environment, which in turn may also relate to the differences in the effec-
tiveness of hormonal therapy. However, the reasons underlying these differences are 
poorly understood, as there are many factors that could influence the treatment out-
comes of hormone therapy.

We will now explore some factors that influence the ethnic differences of clinical 
outcomes after hormone therapy for prostate cancer.

10.5.1  The Different Sensitivities for Hormone Therapy 
with Various Genetic Change

It is well known that prostate cancer shows various genetic changes associated with 
progression [14, 15]. The findings may indicate different sensitivities for hormonal 
therapy in Japanese. Several studies have shown racial differences in CAG repeat 
alleles [16, 17]. Irvine et al. found that the prevalence of short CAG alleles was 
highest in African-American men with the highest risk for prostate cancer, interme-
diate in intermediate-risk non-Hispanic whites, and lowest in Asians at very low risk 
for prostate cancer [16]. Bratt et al. found an association between long CAG repeat 
length and a good response to hormonal therapy [17]. These findings may explain 
our results showing better prognosis in Japanese after hormonal therapy, corre-
sponding to the low prevalence of short CAG and the high prevalence of long CAG 
in Asians. However, other studies report conflicting results. Suzuki et al. found that 
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shorter CAG repeat length was correlated with better response to hormonal therapy 
and prognosis in Japanese prostate cancer patients [18]. Others also note a higher 
frequency of short CAG repeat length in African-American men compared with 
whites and Asians, but no difference in CAG repeat length between whites and 
Asians [19–21]. Another racial difference in association with androgen levels is 
5α-reductase activity. Ross et al. measured serum testosterone, dihydrotestosterone 
(DHT), and metabolites of DHT among young American blacks and whites and 
native Japanese [ 4]. In this study, both black and white men had significantly higher 
serum levels of DHT metabolites than did native Japanese men. The influence of the 
different serum levels of DHT metabolites on the effectiveness of hormone treat-
ment is unclear but may potentially have an influence on the different effectiveness 
of hormone treatment between Japanese and Caucasian men. Fujimoto et al. inves-
tigated the association between genetic variations in SLCOs which are polymorphic 
genes that actively transport testosterone [22]. Their study reported that active 
androgen transport genotypes of SLCO2B1 (GG allele) occurred more frequently in 
African and Caucasian populations than in Japanese and Han Chinese populations. 
Their data suggest that SLCO2B1 rs12422149 variants could provide prognostic 
value for prostate cancer patients treated with ADT and influence ethnic differences 
in response to ADT. These molecular differences may be the influence resulting in 
the different sensitivity to ADT. Further studies are needed to clarify the relation 
between CAG repeat alleles, 5α-reductase activity, genetic variations in SLCOs, 
and response to hormonal therapy.

10.5.2  Fewer Side Effects Associated with Hormone Therapy 
in Asian Patients with Prostate Cancer

It is well known that hormone therapy has side effects. The side effects associated 
with hormone therapy of sexual dysfunction and hot flashes have been known for 
decades. More recently, we have become aware of other side effects of hormone 
therapy: skeletal complications, cardiovascular complications, periodontal disease, 
and cognition. Whereas these complications are significant and may be associated 
with increased overall morbidity, skeletal and cardiovascular complications are par-
ticularly concerning because of their impact on morbidity as well as mortality. One 
of the putative reasons for the ethnic morbidity and mortality differences may be 
fewer side effects, especially bone fracture and cardiovascular disease, associated 
with hormone therapy in Japanese.

It has been demonstrated that the administration of ADT reduces bone mineral den-
sity (BMD), which leads to the increased risk of bone fracture. Also, it is well known 
that bone fracture was associated with increased mortality risk [23]. Several studies 
reported hormone treatment produces accelerated bone loss in Japanese patients as 
well in Western countries [24]. But originally the incidence of hip fracture in Japan is 
apparently lower than for whites living in north Europe or North America [25]. Hip 
fractures usually occur after a fall, and differing incidence rates of falls might explain 
the observed differences in hip fracture rates. To explore this hypothesis, Aoyagi et al. 
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investigated falls and related conditions among community- dwelling people in Japan 
and compared the prevalence of falls to Japanese Americans living in Hawaii and to 
published studies of Caucasians [26]. This study reported that compared with native 
Japanese, the age-standardized prevalence of falls among Japanese Americans was 
similar but about twice as high for Caucasians. Considering these results, there is the 
possibility that the incidence of bone fractures after hormone therapy in Japanese may 
be lower than in Caucasians. Consequently, this may influence the longer survival seen 
in Japanese prostate cancer patients treated with hormone therapy.

Another significant side effect that may be associated with increased overall 
mortality is cardiovascular complications. But this issue is still controversial. Some 
studies reported a small increased risk of cardiovascular disease in patients under-
going ADT. But some studies did show significantly increased risk. Nanda et al. 
reported that hormone therapy is significantly associated with an increased risk of 
all-cause mortality among men with a history of coronary artery disease (CAD)-
induced heart failure (CHF) or myocardial infarction (MI) but not among men with 
no comorbidity or a single CAD risk factor [27]. These studies were all from 
Western countries, but basic cardiovascular health is better in the Japanese popula-
tion. The ischemic heart disease mortality of Japanese is much lower than in Western 
countries [28]. This overall better cardiovascular health in Japanese prostate cancer 
patients may induce better clinical outcomes after hormone therapy. In fact, Akaza 
et al. demonstrated that the incidence of cardiovascular death in Japanese patients 
registered in J-CaP database from 2001 to 2003 and treated with leuprorelin was no 
greater than that expected in the general Japanese population [29]. Fewer side 
effects may be contributing to the longer survival of Japanese prostate cancer 
patients after hormone therapy.

 Conclusions

A marked racial difference in clinical outcome after hormonal therapy was 
observed in our study between Japanese and Caucasians. A prospective study 
with larger number of patients will be necessary to elucidate the differential 
effectiveness of hormone therapy of prostate cancer in different races, especially 
between Japanese and Caucasians. The role of hormone therapy may be different 
depending on the country or race. These findings support both existing guide-
lines endorsing hormone treatment in Asia including Japan and those which cau-
tion its use in the US and European countries.
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Abstract
Radical prostatectomy (RP) is one of the treatment options for patients with 
localized prostate cancer (PCa). The biochemical recurrence rates in patients 
with high-risk PCa who underwent RP alone remain high. To date, the clinical 
benefit, especially with respect to survival, of neoadjuvant therapies, including 
androgen deprivation therapy (ADT) or chemotherapy, remains unclear. Several 
prospective, randomized controlled trials showed higher rates of organ-confined 
disease, reduced rates of extracapsular extension, and reduced rates of positive 
surgical margins. Although the patients who received neoadjuvant ADT achieved 
better local tumor control, there were no differences in overall survival (OS) or 
biochemical recurrence-free survival (BRFS). Patients with locally advanced or 
seminal vesicle invasion PCa who underwent adjuvant ADT after RP achieved 
improved 10-year BRFS, local recurrence-free survival, systemic progression- 
free survival, and cancer-specific survival. However, there was no significant dif-
ference in OS.  On the contrary, the BRFS rate was higher in high-risk PCa 
patients treated with neoadjuvant chemohormonal therapy (CHT) than in those 
treated with RP alone. Neoadjuvant CHT with subsequent RP might reduce the 
risk of biochemical recurrence.
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11.1  Introduction

Radical prostatectomy (RP) is one of the treatment options for patients with local-
ized prostate cancer (PCa). Although the goal of RP is complete removal of all 
cancer cells [1], biochemical recurrence (BCR) rates in patients with high-risk PCa 
[2] who underwent RP alone remain high, between 55 and 70% [3, 4]. In addition, 
Loeb et al. reported that 13% of patients with high-risk PCa developed metastatic 
disease and 6% died of PCa [5]. Treatment options for high-risk PCa include exter-
nal beam radiation therapy (RT) with androgen deprivation therapy (ADT); trimodal 
therapy with a combination of brachytherapy, external beam RT, and ADT; and RP 
with neoadjuvant or adjuvant therapy. In several randomized trials, combination 
therapy with RT and ADT has been demonstrated to improve oncological outcomes, 
including overall survival (OS) and biochemical recurrence-free survival (BRFS), 
compared with RT alone [6, 7]. In contrast, the clinical benefit, especially with 
respect to survival, of neoadjuvant therapies, including ADT or chemotherapy, 
remains unclear. This review describes the clinical and oncological outcomes in 
patients with PCa who received neoadjuvant or adjuvant ADT.

11.2  Neoadjuvant Therapy

Neoadjuvant therapy is established as one of the treatment options for several 
malignancies, including bladder cancer [8], breast cancer [9], and cervical cancer 
[10]. Treatment in the neoadjuvant setting has several potential benefits: to eradicate 
the risk of micrometastases outside the surgical field, to achieve better local tumor 
control, to reduce the incidence of positive surgical margins after RP, and to assess 
treatment effect in the surgical specimens.

11.2.1  Neoadjuvant ADT

Several prospective, randomized controlled trials showed that neoadjuvant ADT 
resulted in higher rates of organ-confined disease, reduced rates of extracapsular 
extension, and reduced rates of positive surgical margins [11–13]. Although the 
patients who received neoadjuvant ADT achieved better local tumor control, there 
were no differences in the OS or BRFS [1, 11, 12].

Shelley et al. reviewed ten randomized clinical trials of neoadjuvant ADT used 
for localized or locally advanced PCa between 1996 and 2004 (Table 11.1) [13]. 
The authors showed that neoadjuvant ADT before RP did not improve OS (odds 
ratio [OR] = 1.11; p = 0.69) despite a significant reduction in the positive surgical 
margin rates (OR = 0.34; p < 0.001) and significant improvements in other clinical 
variables, including lymph node involvement, pathological stage, and organ- 
confined disease rates [13]. Regarding oncological outcomes, neoadjuvant ADT 
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resulted in a marginal significant reduction in BRFS (OR = 0.74; p = 0.05) [13]. The 
authors concluded that neoadjuvant ADT is associated with significant clinical ben-
efits for improved local control but does not result in improved OS [13].

O’Shaughnessy et al. reported chronological changes in the rates of neoadju-
vant ADT use before RP [14]. The use of neoadjuvant ADT before surgery 
increased from 6.7% in 1993 to a peak of 17.6% in 1996 [14]. In contrast, the fre-
quency of neoadjuvant ADT use decreased to 13.6% of the patients who underwent 
RP in 1997 and continued to decline to 12.4% in 2000, 8.6% in 2003, 6.9% in 
2005, and 4.6% in 2007 [14]. The downward trend in the use of neoadjuvant ADT 
after 1996 was due to several reports showing no evidence of benefit in terms of 
disease recurrence, metastasis, or death [1, 11, 12, 14]. In addition, an increased 
risk of osteoporotic fractures in patients who received ≥5 doses of ADT has been 
reported [15], and the risks of cardiovascular and metabolic morbidity were found 
to be increased as long-term consequences of androgen deprivation [16, 17]. Thus, 
the evidence of increased harm from ADT may account for the decreased use of 
neoadjuvant ADT.

Table 11.1 Summary of randomized studies of neoadjuvant androgen deprivation therapy and 
prostatectomy

Trial Country Inclusion criteria Interventions
Gleave 2001 
[1]

Canada Stage T1b, T1c, T2. 
Gleason grades <6. No 
limit on PSA

3 months’ ADT followed by RP 
versus 8 ADT therapy followed 
by RP

Soloway 
2002 [11]

United States Age <75 years, PSA 
<50 mg/mL. Normal bone 
scan. Stage T2b

RP only versus 3 months’ ADT 
followed by RP

Klotz 2003 
[12]

Canada Stages T1–T2. Prostatic 
acid phosphatase <1.8 u/
mL, PSA <50 ng/mL

RP alone versus 3 months’ 
ADT followed by RP

Schulman 
2000 [30]

Italy Stage T2–T3. PSA 
<100 ng/mL

RP alone versus 3 months’ 
ADT followed by RP

Aus 2002 [5] Sweden/
Denmark

Stage T1b–3a. Aged 
<75 years

RP alone versus 3 months’ 
ADT followed by RP

Dalkin 1996 
[31]

United states PSA >4.0 ng/mL. Stage 
T1c, T2a, T2b

RP alone versus 3 months’ 
ADT followed by RP

Prezioso 
2004 [32]

Italy Stage T1a–T2b RP alone versus 3 months’ 
ADT followed by RP

Labrie 1997 
[33]

Canada Stage B0–2, C1–2 RP alone versus 3 months’ 
ADT followed by RP

Selli 2002 
[34]

Italy Stage T2–T3 RP alone versus 3 months’ 
ADT followed by RP versus 
6 months’ ADT followed by RP

Van Der 
Kwast 1999 
[35]

The 
Netherlands/
Canada

Stage T1–T3 3 months’ ADT followed by RP 
versus 6 months’ ADT 
followed by RP

PSA prostate-specific antigen, ADT androgen deprivation therapy, RP radical prostatectomy
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11.2.2  Neoadjuvant Chemohormonal Therapy

To improve the oncological outcomes for high-risk PCa, multimodal treatments 
involving combinations of RP, RT, hormonal therapy, and/or chemotherapy have 
been investigated. Although the true effect remains controversial because of the lack 
of results from large randomized trials, neoadjuvant chemohormonal therapy (CHT) 
may have an important role as one of the treatment options for high-risk PCa.

Narita et al. reported the oncological outcomes in 18 patients with high-risk PCa 
who received neoadjuvant CHT before RP [17]. Treatment consisted of complete 
androgen blockade followed by six cycles of docetaxel with estramustine phosphate 
(EMP) [17]. Two patients (11.1%) had no detectable tumor (pathological complete 
response [CR]) and surgical margins were negative in all patients [17]. The BRFS 
was not attained in this study [17].

The patients with high-risk PCa received a gonadotropin-releasing hormone 
(GnRH) antagonist or luteinizing hormone-releasing hormone (LHRH) agonist 
with low-dose EMP for at least 6 months before RP at our institution [18–20]. In 
patients who underwent RP alone, the numbers of patients with lymph node involve-
ment and positive surgical margins were significantly higher than those who 
received neoadjuvant LHRH and EMP [19]. The 5-year BRFS rates were 90.4% 
among patients who received neoadjuvant LHRH and EMP and 65.8% among 
patients who underwent RP alone [19]. The 2-year BRFS rates were 97.8% in 
patients who received neoadjuvant GnRH and EMP and 87.8% in those with neoad-
juvant LHRH and EMP (p = 0.027) [20]. Neoadjuvant CHT may potentially achieve 
long-term BRFS in high-risk PCa patients.

11.2.3  The Rate of Pathological T0 Detected from  
the Surgical Specimens

In general, PCa patients diagnosed with pathological stage T0 (pT0) based on surgi-
cal specimens are assumed to have a good prognosis since BCR does not occur or 
occurs extremely rarely in these patients. Joung et  al. reported that 5.4% of the 
patients with high-risk PCa who received neoadjuvant ADT before RP achieved 
pT0 and none of the patients with pT0 showed disease recurrence [21]. However, 
Kollemann et al. reported that BCR was observed in 18.4% of the patients with pT0 
disease who received neoadjuvant ADT before RP during a median follow-up 
period of 47 months [22]. Of these, three patients had local recurrence or distant 
metastases [22]. In addition, BRFS was not significantly different between PCa 
patients with or without pT0 disease [23]. The reasons for the clinical failure of 
neoadjuvant ADT to improve survival are unclear.

In our previous study, the number of patients who received neoadjuvant LHRH and 
EMP with lymph node involvement and positive surgical margins was significantly 
lower than the number of patients who underwent RP alone (Fig. 11.1) [19]. Seventeen 
patients (8%) who received neoadjuvant LHRH and EMP achieved pT0 (Table 11.2) 
[19]. On the other hand, pathologic CR was achieved in 11% of the patients who 
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Fig. 11.1 Kaplan–Meier estimates of the biochemical recurrence-free survival (BRFS) in high- 
risk prostate cancer patients who received radical prostatectomy with or without neoadjuvant 
therapy. The 5-year BRFS rates were 90.4% among patients who received neoadjuvant luteinizing 
hormone-releasing hormone plus estramustine and 65.8% among patients who underwent prosta-
tectomy alone (p < 0.001)

Table 11.2 Pathological outcomes

Neoadjuvant LHRH + EMP 
(N = 210)

RP alone 
(N = 210) p

Pathological stage,  
number (%)

0.0749

T0 17 (8) 0
T2a 47 (22) 17 (8)
T2b 18 (9) 13 (6)
T2c 50 (24) 84 (40)
T3a 65 (31) 55 (26)
T3b 30 (14) 32 (15)
T4 0 9 (4)

LHRH luteinizing hormone-releasing hormone, EMP estramustine, RP radical prostatectomy
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received neoadjuvant GnRH and EMP [20]. The pathological T stage was signifi-
cantly lower in the patients who received neoadjuvant GnRH and EMP than in those 
who received neoadjuvant LHRH and EMP (p = 0.007) [20]. For this reason, the sup-
pression of testosterone levels and follicle-stimulating hormone confers an oncologi-
cal benefit for PCa, considering its possible role in tumor growth [20].

11.2.4  The Effects of Neoadjuvant Therapy in Patients  
with PCa Following RP

Although neoadjuvant ADT is associated with significant clinical benefits for 
improved local control, including positive surgical margin rates, lymph node 
involvement, pathological stage, and organ-confined disease rates, ADT induces 
prostatic apoptosis associated with prostatic and periprostatic fibrosis [24]. 
Therefore, neoadjuvant therapy can alter normal anatomic planes [25], which may 
lead to greater numbers of patients with positive tumor margins and higher morbid-
ity rates following RP [26].

Williams et al. analyzed the data from 215 consecutive patients with PCa who 
received neoadjuvant therapy [25]. Of these, 29% experienced a complication of any 
grade ≤90 days after surgery; 6% experienced grade ≥3, with no significant differ-
ence between the cohorts (p = 0.5) [25]. Hou et al. reported that neoadjuvant ADT 
was an independent predictor of prolonged total operating time [26]. In our previous 
study, we experienced rectal injury in 1 patient (0.4%), leakage from the vesicoure-
thral anastomosis in 35 patients (17%), and surgical site infection in 5 patients (2%); 
all of these events are considered acceptable complications associated with RP in 
patients with high-risk PCa [19]. The use of neoadjuvant systemic therapy does not 
appear likely to increase the risk of perioperative complications [25].

11.3  Adjuvant Therapy

Wirth et al. conducted a randomized clinical trial to assess the efficacy of adjuvant 
flutamide in patients with locally advanced, lymph node-negative PCa (stage pT3-
 4N0) after RP [27]. BRFS was better in patients with adjuvant flutamide than in 
those with RP alone (p = 0.0041) [27]. However, there was no significant difference 
in OS between the groups (p = 0.92) [27].

Siddiqui et al. reported the impact of adjuvant ADT on survival in patients with 
seminal vesicle invasion at the time of RP [28]. A total of 12,115 patients who 
underwent RP for PCa were identified in this retrospective study. Of these, 191 
patients with adjuvant ADT were matched 1:1 to patients with pT3b PCa who 
received no adjuvant treatment [28]. Patients who underwent adjuvant ADT experi-
enced improved 10-year BRFS, local recurrence-free survival, systemic progres-
sion-free survival, and cancer-specific survival (CSS) [28]. However, OS was not 
significantly different between the groups [28].
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Moschini et al. investigated the long-term utility of adjuvant therapy after RP for 
PCa with seminal vesicle invasion [29]. In this study, 3279 patients with pT3b PCa 
after RP were included with a median follow-up of 148 months [29]. Overall, adju-
vant ADT was associated with improved BCR, cancer-specific mortality (CSM), 
and overall mortality (OM) [29]. According to an analysis of patients with pT3bN0 
PCa, adjuvant ADT was associated with improved BRFS, CSS, and OM [29]. 
Regarding patients with pT3b and lymph node involvement, adjuvant ADT was 
associated with an increase in BRFS, but there was no effect on CSM and OM [29].

Adjuvant ADT may improve local and systemic control after RP for pT3b PCa 
[28]. However, there is no current consensus regarding the optimal adjuvant therapy 
treatment regimens in patients with high-risk PCa after RP.

 Conclusions
Although the patients who received neoadjuvant ADT achieved better local 
tumor control, there were no differences in OS or BRFS.  Likewise, adjuvant 
ADT may improve local and systemic cancer control after RP for PCa patients 
with locally advanced disease or seminal vesicle invasion. However, there was 
no impact on OS. On the other hand, neoadjuvant CHT may potentially achieve 
long-term BRFS in high-risk PCa patients.
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Abstract
External beam radiotherapy (EBRT) is a well-established definitive therapeutic 
approach for clinically localized prostate cancer (CLPCa). Although CLPCa had 
been mainly treated with EBRT alone, androgen deprivation therapy (ADT) has 
been shown to improve not only biochemical control but also survival outcomes 
when combined with EBRT.

Adding ADT to EBRT using former standard doses (65–70 Gy) significantly 
improved survival outcomes compared with EBRT alone in patients with inter-
mediate- or high-risk disease. Therefore, ADT is considered to be an essential 
element in definitive EBRT for most cases of CLPCa.

In terms of intermediate-risk patients, the neoadjuvant combination of ADT 
for a period of 4–6 months combined with EBRT is recommended. On the other 
hand, for high- or very-high-risk patients, neoadjuvant ADT for 4–6 months fol-
lowed by adjuvant ADT for 24–30 months is considered to be the standard treat-
ment for use in combination with EBRT.

However, the optimal duration of ADT in combination with EBRT remains 
controversial. In addition, the usefulness of ADT is controversial when com-
bined with dose-escalated EBRT. Moreover, ethnic differences in patient sensi-
tivity to ADT have been suggested. Randomized trials are required to clear up 
these unsolved issues regarding ADT combined with EBRT.
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Clinically localized prostate cancer · Radiation therapy · Combined androgen 
deprivation therapy
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12.1  Introduction

The impact of the combination of androgen deprivation therapy (ADT) with radia-
tion therapy for clinically localized prostate cancer (CLPCa) has been largely 
explored with respect to external beam radiation therapy (EBRT) through the use of 
randomized trials. However, no prospective randomized trial has been conducted to 
confirm the impact of ADT on brachytherapy for CLPCa, even though ADT is also 
often clinically combined with brachytherapy. Therefore, this chapter focuses on 
EBRT as a radiotherapeutic approach for use in combination with ADT.

Thus far, six randomized trials have demonstrated highly significant improve-
ments in survival with combined ADT and EBRT, compared with EBRT alone 
(Tables 12.1 and 12.2). Combined short-term neoadjuvant ADT (NA-ADT) ± con-
current ADT demonstrated survival advantages over EBRT alone in patients with 
intermediate- and high-risk CLPCa (Table 12.1). In addition, long-term adjuvant 
ADT (A-ADT) resulted in significantly better survival outcomes, mainly in high- or 
very-high-risk cases, compared with those who were treated with EBRT alone 
(Table 12.2). The radiation doses used in most of these trials were former standard 
doses (65–70 Gy).

Other randomized studies also confirmed that dose escalations above the former 
standard doses to the prostate improve prostate-specific antigen (PSA) control rates 
[1, 2]. However, the impact of dose escalation on survival has not been demon-
strated in phase III trials [3, 4]. On the other hand, combined ADT significantly 
improves survival, as indicated in this chapter. Therefore, ADT is considered to be 
an essential component of definitive EBRT for CLPCa.

Evidence of definitive EBRT with ADT in East Asian populations, including the 
Japanese, is rather sparse. In addition, the timing of the start of salvage ADT 
(S-ADT) in patients who developed a PSA recurrence, which may affect the prog-
nosis [5–7], was not defined in any of the trials conducted in Western countries. 
Moreover, the impact of combined ADT and dose-escalated EBRT remains contro-
versial [8].

12.2  EBRT Plus ADT Versus EBRT Alone

12.2.1  Overview of the Combination of ADT with EBRT

EBRT alone was previously the main treatment approach in definitive EBRT for pros-
tate cancer [9]. However, not only biochemically recurrence free, but also survival 
advantages of combined EBRT with AD T over EBRT alone have been proven by 
randomized trials conducted mainly in the 1980s and 2000s (Tables 12.1 and 12.2). 
Therefore, combined EBRT with ADT has become a standard approach for patients 
with intermediate- or high-risk CLPCa. On the other hand, EBRT alone remains as the 
standard treatment modality for low-risk cases since excellent biochemical control 
can be achieved by minimizing severe adverse events with dose-escalated EBRT, and, 
hence, adverse events associated with ADT can be avoided [10, 11].
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There are two major approaches to combining ADT with EBRT: short- and long- 
term ADT. Short-term ADT is usually combined with EBRT as a neoadjuvant ± 
concurrent setting with durations of 3–10 months (Tables 12.1, 12.3, and 12.4). On 
the other hand, long-term ADT is mostly used after EBRT adjuvantly (± concur-
rently) (Table 12.2). Long-term ADT is also combined with short-term NA-ADT, 
mainly for patients with locally advanced disease [11] (Table 12.4).

12.2.2  NA-ADT Plus EBRT Versus EBRT Alone

Theoretically, the combination of ADT neoadjuvantly with EBRT has the following 
benefits. First, improved tumor control can be expected because ADT prior to EBRT 
enhances tumor eradication compared with EBRT alone, as shown in animal experi-
ments [12]. Second, NA-ADT reduces the volume of the prostate by around 30% on 
average [13, 14], and this is expected to decrease the risk of adverse effects associ-
ated with EBRT by allowing a reduced radiation field size to cover the prostate.

Several randomized phase III studies comparing EBRT plus short-term NA-ADT 
(± concurrent ADT) with EBRT alone have been conducted [15–20] (Table 12.1). In 
these studies, intermediate- to moderately high-risk T1-T3N0M0 cases were the 
main targets. As for the radiation fields, both localized (prostate and seminal vesi-
cles) and whole pelvis followed by a local boost approaches were indicated. The 
radiation doses were the former standard doses (65–70 Gy) in most studies except 
for the PMH 9907 study [19], where escalated doses (75.6–79.8 Gy) were used. The 
duration of NA-ADT in these studies varied from 3 to 10 months. In all but the PMH 
9907 study, significantly lower PSA recurrence rates were achieved in combined 
approaches compared with EBRT alone (Table  12.1). In addition, the combined 
approach of short-term NA-ADT with EBRT significantly improved both prostate 
cancer-specific mortality (PCSM) and overall mortality in most studies.

In summary, 4–6 months of NA-ADT significantly improves not only biochemi-
cal but also survival outcomes in CLPCa treated with EBRT using the former stan-
dard doses. On the other hand, the PMH 9907 study (with a dose-escalated setting) 
failed to show such benefits. However, the PMH 9970 study only used bicalutamide 
as hormonal therapy, and the study was closed earlier than planned because subse-
quent evidence suggested that the relative clinical effectiveness of bicalutamide was 
inferior to that of standard ADT with luteinizing hormone-releasing hormone ago-
nists [19]. Therefore, the impact of short-term ADT on dose-escalated EBRT 
remains an open question.

12.2.3  A-ADT Plus EBRT Versus EBRT Alone

There have been three randomized trials comparing A-ADT (± concurrent ADT) 
plus EBRT versus EBRT alone [21–23] (Table  12.2). Two studies combining 
long- term (3 years or permanent) A-ADT with EBRT using the former standard 
doses demonstrated a significant improvement in survival by combining A-ADT 
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with EBRT, compared with EBRT alone [21, 22]. The main targets of these stud-
ies were patients with locally advanced (T3-4N0M0) CLPCa. Therefore, long-
term (2–3 years) ADT is recommended with EBRT for locally advanced CLPCa 
[10, 11].

The most recent study combined short-term (6  months) A-ADT with EBRT 
found no significant difference in survival with a median follow-up period of 
7.2 years [23]. When compared with the dramatically positive impact of short-term 
NA-ADT on survival, short-term ADT may need to be administered neoadjuvantly 
rather than adjuvantly when combined with EBRT using the former standard doses.

12.3  Impact of EBRT on Primary ADT for Locally Advanced 
Diseases

Locally advanced prostate cancer was formerly treated with primary ADT alone, 
especially in Japan. In this situation, lifelong ADT is often selected. The signifi-
cance of adding local EBRT to primary ADT has been debated. However, random-
ized phase III studies demonstrated the dramatic impact of adding EBRT to primary 
ADT for locally advanced cases, in terms of not only PSA control, but also survival 
(Table 12.5). In both the SPCG-7/SFUO-3 and NCIC CTG PR-3/MRC UK PR07 
studies, the PCSM rates were reduced by around half when EBRT was added, com-
pared with the rates in those treated by primary ADT alone [24–27]. Because the 
radiation doses (65–70 Gy) used in these studies can be safely delivered with three- 
dimensional conformal radiation therapy, EBRT should be combined with long- 
term ADT for patients with locally advanced prostate cancer, except for patients 
unfit for EBRT.

12.4  Impact of the Duration of ADT Combined with EBRT

12.4.1  Duration of Short-Term NA-ADT

Table 12.3 summarizes randomized phase III studies comparing different durations 
of NA-ADT with definitive EBRT for CLPCa. Because ADT is mainly applied to 
patients with intermediate-risk or moderately high-risk prostate cancer, the duration 
of ADT is relatively short (6–9 months) even in long-term arms, compared with the 
duration of long-term arms (28–60  months) in A-ADT studies (Tables 12.3 and 
12.4). Although the 3-month ADT arm in the TROG 96-01 study failed to show 
survival advantages compared to EBRT alone, while the 6-month ADT arm achieved 
significant improvements in both PSA control and survival outcomes [17], all other 
studies failed to demonstrate significant differences, not only in survival but also in 
the PSA failure rate, between shorter (3–4 months) ADT and longer (8–9 months) 
ADT arms. Therefore, it seems that an ADT duration of 4–6 months will be suffi-
cient for use in combination with EBRT as NA-ADT. Although the role of short- 
term NA-ADT in a dose escalation setting is unclear, it appears to be reasonable to 
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combine 4–6 months of NA-ADT in view of the striking impact of NA-ADT on 
survival combined with former standard doses of EBRT because no survival benefit 
has been proven in any randomized trial using dose-escalated EBRT alone.

12.4.2  Comparison of Short-Term ADT and Intermediate/Long- 
Term ADT

Randomized trials comparing short-term (4–6 months) ADT with long-term (28–
36 months) ADT in combination with EBRT have been mainly conducted in patients 
with high- or very-high-risk CLPCa (Table 12.4). In those studies, long-term ADT 
arms demonstrated significant improvement in survival outcomes compared to 
those with short-term ADT with EBRT [28–30].

In the TROG 03-04 study, intermediate-term (18 months) ADT failed to demon-
strate survival advantages over 6 months of ADT, although it was suggested that 
intermediate-term ADT plus zoledronic acid was more effective than short-term 
ADT [31]. On the other hand, Ito et al. [32] reported the results of a non-inferiority 
study comparing long-term (60  months) ADT and intermediate-term ADT 
(14 months) followed by intermittent ADT (intermittent arm: restart ADT when the 
PSA value exceeds 5 ng/mL) when combined with EBRT of 72 Gy in patients with 
locally advanced (T3-4N0M0) disease. Although non-inferiority of the intermittent 
arm was not proven, there were no statistically significant differences between the 
arms with regard to not only overall survival but also PSA recurrence-free survival 
between the arms. Therefore, no consensus has been achieved regarding the useful-
ness of intermediate-term ADT in EBRT.

Together with the above findings and the impact of short-term NA-ADT over 
EBRT alone, the current standard treatment for high- or very-high-risk CLPCa is 
considered to be 4–6 months of NA-ADT followed by EBRT plus an additional 
24–30 months of A-ADT [10, 11].

On the other hand, in the subset analyses of both RTOG 92-02 and DART 01/05 
GICOR studies, intermediate-risk groups did not show any significant benefits from 
long- term ADT compared with short-term ADT [30, 33]. Therefore, short-term 
NA-ADT remains the standard of care with respect to patients with intermediate-
risk CLPCa [10, 11].

12.5  Optimal Duration of ADT in Combination with EBRT

There is broad consensus that ADT should not be combined with EBRT in patients 
with low-risk disease, who can expect to be safely cured by high-dose EBRT alone 
(in more than 90% of cases) [10, 11]. With respect to the intermediate-risk group, 
4–6 months of ADT seems to be optimal, as discussed previously (12.4.2.).

On the other hand, the optimal duration of ADT for high- or very-high-risk 
groups has yet to be confirmed. As described in Section 12.4.2., the current standard 
treatment for high- or very-high-risk CLPCa is considered to be 4–6  months of 
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NA-ADT followed by EBRT plus an additional 24–30 months of A-ADT. However, 
it has been suggested that the timing of the start of S-ADT could significantly affect 
survival outcomes in patients who developed PSA recurrence after EBRT [5–7]. In 
those studies, the survival probabilities were significantly better in patients who 
were managed by the early initiation (at PSA ≤10–20 ng/mL) of S-ADT after the 
recurrence of PSA. However, none of the studies comparing EBRT alone and EBRT 
plus ADT, or short-term ADT plus EBRT and long-term ADT plus EBRT, specified 
the timing of the start of S-ADT.

We treated 120 consecutive cases with T3-4N0M0 disease (about 40% of whom 
were classified as very high-risk based on the 2017 NCCN classification system) 
with high-dose (78 Gy in 39 fractions) intensity-modulated radiation therapy com-
bined with an NA-ADT duration of 6 months under an early salvage policy [34]. 
After completing IMRT, all patients were followed up without the addition of any 
adjuvant therapy, including A-ADT.  S-ADT was started when the PSA values 
exceeded 4 ng/mL. Although long-term A-ADT was not used, the 8-year prostate 
cancer-specific and overall survival rates were 96.6% and 89.1%, respectively. 
Despite the very-high-risk nature of the patients, the PCSM rate was only 3.4% at 
8 years. Therefore, future prospective trials should test whether significant survival 
advantages are still observed in patients treated with long-term ADT plus EBRT 
compared with those who were treated with short-term NA-ADT plus high-dose 
EBRT under an early initiation policy of S-ADT after PSA recurrence.

12.6  Ethnic Differences in Sensitivity to ADT

Japanese patients treated with primary ADT have less than half the adjusted PCSM 
of those in the USA, according to a comparison of registered data between the 
Japanese Cancer of the Prostate registry database and USA Cancer of the Prostate 
Strategic Research Endeavor registry [35]. This suggests that Japanese patients, and 
probably East Asian populations, have better sensitivity to primary ADT than 
patients in the USA [36]. This finding may also be applicable to sensitivity to 
S-ADT. Therefore, the outcomes obtained from studies comparing short-term ADT 
and long-term ADT with EBRT conducted in Western populations should be vali-
dated in studies conducted using East Asian populations.

 Conclusions

When definitively treating CLPCa with EBRT using former standard doses, ADT 
should be combined with EBRT, except in low-risk cases. For intermediate-risk 
cases, the combination of NA-ADT (± concurrent ADT) for a duration of 
4–6 months is the current standard treatment approach for definitive EBRT. On 
the other hand, an NA-ADT (± concurrent ADT) duration of 4–6 months plus 
A-ADT of 24–30  months is recommended in combination with EBRT for 
patients with high- or very-high-risk CLPCa. However, these findings should be 
validated for Japanese and East Asian populations under an early initiation policy 
of S-ADT, due to the suggestion that there are ethnic differences in sensitivity to 
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ADT between Japanese and Western populations. In addition, the impact of ADT 
is controversial when escalated doses are used for EBRT.

References

 1. Viani GA, Stefano EJ, Afonso SL. Higher-than-conventional radiation doses in localized pros-
tate cancer treatment: a meta-analysis of randomized, controlled trials. Int J Radiat Oncol Biol 
Phys. 2009;74(5):1405–18. https://doi.org/10.1016/j.ijrobp.2008.10.091.

 2. Zaorsky NG, Palmer JD, Hurwitz MD, Keith SW, Dicker AP, Den RB. What is the ideal radio-
therapy dose to treat prostate cancer? A meta-analysis of biologically equivalent dose escala-
tion. Radiother Oncol. 2015;115(3):295–300. https://doi.org/10.1016/j.radonc.2015.05.011.

 3. Michalski M, Purd JA, Bosch WR, Bahary J, Lau H, Duclos M, et al. Initial results of a phase 3 
randomized study of high dose 3DCRT/IMRT versus standard dose 3D–CRT/IMRT in patients 
treated for localized prostate cancer (RTOG 0126). Int J Radiat Oncol Biol Phys. 2014;90(5 
Suppl 1):1263.

 4. Hou Z, Li G, Bai S.  High dose versus conventional dose in external beam radiother-
apy of prostate cancer: a meta-analysis of long-term follow-up. J Cancer Res Clin Oncol. 
2015;141(6):1063–71. https://doi.org/10.1007/s00432-014-1813-1.

 5. Shipley WU, Desilvio M, Pilepich MV, Roach M 3rd, Wolkov HB, Sause WT, et al. Early 
initiation of salvage hormone therapy influences survival in patients who failed initial radia-
tion for locally advanced prostate cancer: a secondary analysis of RTOG protocol 86-10. Int J 
Radiat Oncol Biol Phys. 2006;64(4):1162–7. https://doi.org/10.1016/j.ijrobp.2005.09.039.

 6. Mydin AR, Dunne MT, Finn MA, Armstrong JG. Early salvage hormonal therapy for bio-
chemical failure improved survival in prostate cancer patients after neoadjuvant hormonal 
therapy plus radiation therapy—a secondary analysis of irish clinical oncology research 
group 97-01. Int J Radiat Oncol Biol Phys. 2013;85(1):101–8. https://doi.org/10.1016/j.
ijrobp.2012.03.001.

 7. Souhami L, Bae K, Pilepich M, Sandler H. Timing of salvage hormonal therapy in prostate 
cancer patients with unfavorable prognosis treated with radiotherapy: a secondary analysis of 
radiation therapy oncology group 85-31. Int J Radiat Oncol Biol Phys. 2010;78(5):1301–6. 
https://doi.org/10.1016/j.ijrobp.2009.10.007.

 8. Hou WH, Huang CY, Wang CC, Lan KH, Chen CH, Yu HJ, et al. Impact of androgen-deprivation 
therapy on the outcome of dose-escalation prostate cancer radiotherapy without elective pelvic 
irradiation. Asian J Androl. 2017;19(5):596–601. https://doi.org/10.4103/1008-682X.183569.

 9. Tran E, Paquette M, Pickles T, Jay J, Hamm J, Liu M, et al. Population-based validation of a 
policy change to use long-term androgen deprivation therapy for cT3-4 prostate cancer: impact 
of the EORTC22863 and RTOG 85-31 and 92-02 trials. Radiother Oncol. 2013;107(3):366–
71. https://doi.org/10.1016/j.radonc.2013.05.003.

 10. NCCN.org. NCCN clinical practice guidlines in Oncology: Prostate cancer, version 2.2017. 
2017. http://www.nccnorg/professionals/physician_gls/pdf/prostatepdf. Accessed 17 June 
2017.

 11. Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, De Santis M, et al. EAU-ESTRO- 
SIOG guidelines on prostate cancer. Part 1: screening, diagnosis, and local treatment with 
curative intent. Eur Urol. 2017;71(4):618–29. https://doi.org/10.1016/j.eururo.2016.08.003.

 12. Zietman AL, Nakfoor BM, Prince EA, Gerweck LE. The effect of androgen deprivation and 
radiation therapy on an androgen-sensitive murine tumor: an in vitro and in vivo study. Cancer 
J Sci Am. 1997;3(1):31–6.

 13. Henderson A, Langley SE, Laing RW.  Is bicalutamide equivalent to goserelin for prostate 
volume reduction before radiation therapy? A prospective, observational study. Clin Oncol. 
2003;15(6):318–21.

 14. Zelefsky MJ, Leibel SA, Burman CM, Kutcher GJ, Harrison A, Happersett L, et  al. 
Neoadjuvant hormonal therapy improves the therapeutic ratio in patients with bulky prostatic 

T. Mizowaki

https://doi.org/10.1016/j.ijrobp.2008.10.091
https://doi.org/10.1016/j.radonc.2015.05.011
https://doi.org/10.1007/s00432-014-1813-1
https://doi.org/10.1016/j.ijrobp.2005.09.039
https://doi.org/10.1016/j.ijrobp.2012.03.001
https://doi.org/10.1016/j.ijrobp.2012.03.001
https://doi.org/10.1016/j.ijrobp.2009.10.007
https://doi.org/10.4103/1008-682X.183569
https://doi.org/10.1016/j.radonc.2013.05.003
http://nccn.org
http://www.nccnorg/professionals/physician_gls/pdf/prostatepdf
https://doi.org/10.1016/j.eururo.2016.08.003


111

cancer treated with three-dimensional conformal radiation therapy. Int J Radiat Oncol Biol 
Phys. 1994;29(4):755–61.

 15. Roach M 3rd, Bae K, Speight J, Wolkov HB, Rubin P, Lee RJ, et  al. Short-term neoadju-
vant androgen deprivation therapy and external-beam radiotherapy for locally advanced pros-
tate cancer: long-term results of RTOG 8610. J Clin Oncol. 2008;26(4):585–91. https://doi.
org/10.1200/JCO.2007.13.9881.

 16. Jones CU, Hunt D, McGowan DG, Amin MB, Chetner MP, Bruner DW, et al. Radiotherapy and 
short-term androgen deprivation for localized prostate cancer. N Engl J Med. 2011;365(2):107–
18. https://doi.org/10.1056/NEJMoa1012348.

 17. Denham JW, Steigler A, Lamb DS, Joseph D, Turner S, Matthews J, et al. Short-term neoad-
juvant androgen deprivation and radiotherapy for locally advanced prostate cancer: 10-year 
data from the TROG 96.01 randomised trial. Lancet Oncol. 2011;12(5):451–9. https://doi.
org/10.1016/S1470-2045(11)70063-8.

 18. Laverdiere J, Nabid A, De Bedoya LD, Ebacher A, Fortin A, Wang CS, et al. The efficacy and 
sequencing of a short course of androgen suppression on freedom from biochemical failure 
when administered with radiation therapy for T2-T3 prostate cancer. J Urol. 2004;171(3):1137–
40. https://doi.org/10.1097/01.ju.0000112979.97941.7f.

 19. McPartlin AJ, Glicksman R, Pintilie M, Tsuji D, Mok G, Bayley A, et al. PMH 9907: long- 
term outcomes of a randomized phase 3 study of short-term bicalutamide hormone therapy 
and dose-escalated external-beam radiation therapy for localized prostate cancer. Cancer. 
2016;122(16):2595–603. https://doi.org/10.1002/cncr.30093.

 20. D’Amico AV, Chen MH, Renshaw AA, Loffredo M, Kantoff PW. Androgen suppression and 
radiation vs radiation alone for prostate cancer: a randomized trial. JAMA. 2008;299(3):289–
95. https://doi.org/10.1001/jama.299.3.289.

 21. Pilepich MV, Winter K, Lawton CA, Krisch RE, Wolkov HB, Movsas B, et al. Androgen sup-
pression adjuvant to definitive radiotherapy in prostate carcinoma—long-term results of phase 
III RTOG 85-31. Int J Radiat Oncol Biol Phys. 2005;61(5):1285–90. https://doi.org/10.1016/j.
ijrobp.2004.08.047.

 22. Bolla M, Van Tienhoven G, Warde P, Dubois JB, Mirimanoff R-O, Storme G, et al. External 
irradiation with or without long-term androgen suppression for prostate cancer with high meta-
static risk: 10-year results of an EORTC randomised study. Lancet Oncol. 2010;11(11):1066–
73. https://doi.org/10.1016/s1470-2045(10)70223-0.

 23. Bolla M, Maingon P, Carrie C, Villa S, Kitsios P, Poortmans PM, et al. Short androgen suppres-
sion and radiation dose escalation for intermediate- and high-risk localized prostate cancer: 
results of EORTC trial 22991. J Clin Oncol. 2016;34(15):1748–56. https://doi.org/10.1200/
JCO.2015.64.8055.

 24. Widmark A, Klepp O, Solberg A, Damber JE, Angelsen A, Fransson P, et al. Endocrine treat-
ment, with or without radiotherapy, in locally advanced prostate cancer (SPCG-7/SFUO-3): 
an open randomised phase III trial. Lancet. 2009;373(9660):301–8. https://doi.org/10.1016/
S0140-6736(08)61815-2.

 25. Fossa SD, Wiklund F, Klepp O, Angelsen A, Solberg A, Damber JE, et  al. Ten- and 15-yr 
prostate cancer-specific mortality in patients with nonmetastatic locally advanced or aggres-
sive intermediate prostate cancer, randomized to lifelong endocrine treatment alone or com-
bined with radiotherapy: final results of the Scandinavian Prostate Cancer Group-7. Eur Urol. 
2016;70(4):684–91. https://doi.org/10.1016/j.eururo.2016.03.021.

 26. Mason MD, Parulekar WR, Sydes MR, Brundage M, Kirkbride P, Gospodarowicz M, et al. 
Final report of the intergroup randomized study of combined androgen-deprivation therapy 
plus radiotherapy versus androgen-deprivation therapy alone in locally advanced prostate can-
cer. J Clin Oncol. 2015;33(19):2143–50. https://doi.org/10.1200/JCO.2014.57.7510.

 27. Warde P, Mason M, Ding K, Kirkbride P, Brundage M, Cowan R, et al. Combined androgen depri-
vation therapy and radiation therapy for locally advanced prostate cancer: a randomised, phase 3 
trial. Lancet. 2011;378(9809):2104–11. https://doi.org/10.1016/S0140-6736(11)61095-7.

 28. Bolla M, de Reijke TM, Van Tienhoven G, Van den Bergh AC, Oddens J, Poortmans PM, 
et al. Duration of androgen suppression in the treatment of prostate cancer. N Engl J Med. 
2009;360(24):2516–27. https://doi.org/10.1056/NEJMoa0810095.

12 ADT in Combination with Radiation Therapy for Clinically Localized Prostate Cancer

https://doi.org/10.1200/JCO.2007.13.9881
https://doi.org/10.1200/JCO.2007.13.9881
https://doi.org/10.1056/NEJMoa1012348
https://doi.org/10.1016/S1470-2045(11)70063-8
https://doi.org/10.1016/S1470-2045(11)70063-8
https://doi.org/10.1097/01.ju.0000112979.97941.7f
https://doi.org/10.1002/cncr.30093.
https://doi.org/10.1001/jama.299.3.289.
https://doi.org/10.1016/j.ijrobp.2004.08.047
https://doi.org/10.1016/j.ijrobp.2004.08.047
https://doi.org/10.1016/s1470-2045(10)70223-0
https://doi.org/10.1200/JCO.2015.64.8055
https://doi.org/10.1200/JCO.2015.64.8055
https://doi.org/10.1016/S0140-6736(08)61815-2
https://doi.org/10.1016/S0140-6736(08)61815-2
https://doi.org/10.1016/j.eururo.2016.03.021
https://doi.org/10.1200/JCO.2014.57.7510
https://doi.org/10.1016/S0140-6736(11)61095-7
https://doi.org/10.1056/NEJMoa0810095


112

 29. Lawton CAF, Lin X, Hanks GE, Lepor H, Grignon DJ, Brereton HD, et al. Duration of andro-
gen deprivation in  locally advanced prostate cancer: long-term update of NRG oncology 
RTOG 9202. Int J Radiat Oncol Biol Phys. 2017;98(2):296–303. https://doi.org/10.1016/j.
ijrobp.2017.02.004.

 30. Zapatero A, Guerrero A, Maldonado X, Alvarez A, Gonzalez San Segundo C, Cabeza 
Rodriguez MA, et al. High-dose radiotherapy with short-term or long-term androgen depriva-
tion in localised prostate cancer (DART01/05 GICOR): a randomised, controlled, phase 3 trial. 
Lancet Oncol. 2015;16(3):320–7. https://doi.org/10.1016/S1470-2045(15)70045-8.

 31. Denham JW, Joseph D, Lamb DS, Spry NA, Duchesne G, Matthews J, et  al. Short-term 
androgen suppression and radiotherapy versus intermediate-term androgen suppression and 
radiotherapy, with or without zoledronic acid, in men with locally advanced prostate cancer 
(TROG 03.04 RADAR): an open-label, randomised, phase 3 factorial trial. Lancet Oncol. 
2014;15(10):1076–89. https://doi.org/10.1016/S1470-2045(14)70328-6.

 32. Ito K, Suzuki K, Yamanaka H. Oncological outcomes in patients with locally advanced pros-
tate cancer treated with neoadjuvant endocrine and external beam radiation therapy followed 
by adjuvant continuous/intermittent endocrine therapy in an open-label, randomized, phase III 
trial. J Urol. 2016;195(4S):e143. https://doi.org/10.1016/j.juro.2016.02.2505.

 33. Mirhadi AJ, Zhang Q, Hanks GE, Lepor H, Grignon DJ, Peters CA, et al. Effect of long-term 
hormonal therapy (vs short-term hormonal therapy): a secondary analysis of intermediate-risk 
prostate cancer patients treated on NRG oncology RTOG 9202. Int J Radiat Oncol Biol Phys. 
2017;97(3):511–5. https://doi.org/10.1016/j.ijrobp.2016.11.002.

 34. Mizowaki T, Norihisa Y, Takayama K, Ikeda I, Inokuchi H, Nakamura K, et al. Long-term out-
comes of intensity-modulated radiation therapy combined with neoadjuvant androgen depriva-
tion therapy under an early salvage policy for patients with T3-T4N0M0 prostate cancer. Int J 
Clin Oncol. 2016;21(1):148–55. https://doi.org/10.1007/s10147-015-0867-7.

 35. Cooperberg MR, Hinotsu S, Namiki M, Carroll PR, Akaza H. Trans-Pacific variation in out-
comes for men treated with primary androgen-deprivation therapy (ADT) for prostate cancer. 
BJU Int. 2016;117(1):102–9. https://doi.org/10.1111/bju.12937.

 36. Fukagai T, Namiki TS, Carlile RG, Yoshida H, Namiki M. Comparison of the clinical outcome 
after hormonal therapy for prostate cancer between Japanese and Caucasian men. BJU Int. 
2006;97(6):1190–3. https://doi.org/10.1111/j.1464-410X.2006.06201.x.

 37. Crook J, Ludgate C, Malone S, Perry G, Eapen L, Bowen J, et al. Final report of multicenter 
Canadian phase III randomized trial of 3 versus 8 months of neoadjuvant androgen deprivation 
therapy before conventional-dose radiotherapy for clinically localized prostate cancer. Int J 
Radiat Oncol Biol Phys. 2009;73(2):327–33. https://doi.org/10.1016/j.ijrobp.2008.04.075.

 38. Armstrong JG, Gillham CM, Dunne MT, Fitzpatrick DA, Finn MA, Cannon ME, et al. A ran-
domized trial (Irish clinical oncology research group 97-01) comparing short versus protracted 
neoadjuvant hormonal therapy before radiotherapy for localized prostate cancer. Int J Radiat 
Oncol Biol Phys. 2011;81(1):35–45. https://doi.org/10.1016/j.ijrobp.2010.04.065.

 39. Pisansky TM, Hunt D, Gomella LG, Amin MB, Balogh AG, Chinn DM, et al. Duration of 
androgen suppression before radiotherapy for localized prostate cancer: radiation therapy 
oncology group randomized clinical trial 9910. J Clin Oncol. 2015;33(4):332–9. https://doi.
org/10.1200/JCO.2014.58.0662.

 40. Mottet N, Peneau M, Mazeron JJ, Molinie V, Richaud P. Addition of radiotherapy to long-term 
androgen deprivation in locally advanced prostate cancer: an open randomised phase 3 trial. 
Eur Urol. 2012;62(2):213–9. https://doi.org/10.1016/j.eururo.2012.03.053.

T. Mizowaki

https://doi.org/10.1016/j.ijrobp.2017.02.004
https://doi.org/10.1016/j.ijrobp.2017.02.004
https://doi.org/10.1016/S1470-2045(15)70045-8
https://doi.org/10.1016/S1470-2045(14)70328-6
https://doi.org/10.1016/j.juro.2016.02.2505
https://doi.org/10.1016/j.ijrobp.2016.11.002
https://doi.org/10.1007/s10147-015-0867-7
https://doi.org/10.1111/bju.12937
https://doi.org/10.1111/j.1464-410X.2006.06201.x
https://doi.org/10.1016/j.ijrobp.2008.04.075
https://doi.org/10.1016/j.ijrobp.2010.04.065
https://doi.org/10.1200/JCO.2014.58.0662
https://doi.org/10.1200/JCO.2014.58.0662
https://doi.org/10.1016/j.eururo.2012.03.053


113© Springer Nature Singapore Pte Ltd. 2018
Y. Arai, O. Ogawa (eds.), Hormone Therapy and Castration Resistance 
of Prostate Cancer, https://doi.org/10.1007/978-981-10-7013-6_13

A. Yokomizo 
Department of Urology, Harasanshin Hospital, Fukuoka, Japan
e-mail: yokoa@harasanshin.or.jp

13ADT as Salvage Therapy After Definitive 
Treatment for Clinically Localized 
Prostate Cancer

Akira Yokomizo

Abstract
The standard curative treatment is radical prostatectomy (RP) or radiation therapy 
(RT) in localized prostate cancer (Pca). Unfortunately, at most 30% of the patients 
develop biochemical recurrent that can be identified by rising prostate-specific anti-
gen (PSA) only but not detectable by CT scan or bone scan. The new technology 
like chorine PET and ProstaScint could detect the recurrent site, but these modalities 
are insufficient in low PSA level (less than 1.0 ng/mL) of PSA failure patients after 
definitive therapy. Many of those patients with biochemical recurrence after RP 
would initially be treated by salvage RT. But, in patients with biochemical recur-
rence after RT, salvage RP is performed in only selective patients and most of them 
are treated by salvage hormone therapy (HT). There are conflicting evidences to 
support the advantage of salvage ADT; one randomized controlled trial (RCT) 
showed the benefit of early starting of HT, and another RCT proved the non-inferi-
ority of intermittent ADT to continuous ADT. In this chapter, recent evidences are 
summarized on salvage ADT after definitive treatment for clinically localized Pca.

Keywords
PSA failure · Salvage hormone therapy · Radical treatment

13.1  Definition of Biochemical Recurrence After RP

RP is one of the curative treatments in localized Pca. Most of the recurrences after RP 
are detected only by a rise in the PSA level [1]. Recently, robotic surgery has become 
a standard modality in the world [2], and PSA failure is observed at most of 20% in 
robotic RP series [1]. The PSA failure is defined by two consecutive PSA values of 
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>0.2 ng/mL and rising in EAU-ESTRO-SIOG guideline [3] and ASCO guideline [4]. 
On the other hand, NCCN guideline describes “undetectable PSA after RP with a 
subsequent detectable PSA that increases on 2 or more determinations” [5] and it 
lacks the PSA value. In general, the former definition seems to be widely accepted in 
daily practice.

13.2  Definition of Biochemical Recurrence After RT

RT is generally divided into brachytherapy and external beam radiation treatment 
(EBRT). The EBRT evolves from three-dimensional source to intensity-modulated 
radiation, and eventually carbon ion radiation therapy can be performed in selective 
institutes [6]. Basically, the patients’ follow-up after RT is performed by PSA mea-
surement, and similarly to RP treatment failure is first discovered by rise of PSA. The 
definition PSA failure is widely accepted by the American Society for Radiology and 
Oncology (ASTRO) Phoenix’s definition, that is “the lowest value of PSA after treat-
ment (nadir) + 2 ng/mL” [7]. The salvage RP to PSA failure patients after RT is 
performed only in selective patients and institutes; most of them are treated by sal-
vage HT. Additionally, a high-intensity focused ultrasound therapy and a cryother-
apy may be considered in patients that meet very narrow criteria, but it has not been 
accepted worldwide with lacking of high level of evidences derived from phase 3 
studies. If salvage treatment options are not practical or unsuccessful, androgen 
deprivation therapy (ADT) is a standard option for disease control.

13.3  Identification of Recurrent Sites

13.3.1  A Computed Tomography and Bone Scintigraphy

Most of the recurrences after radical treatments are detected only by a rise in the 
PSA level [1, 8]. Those who have local recurrence after RP may benefit from RT, 
whereas those who have metastatic disease may benefit from systemic treatment, 
the most common of which is ADT [1, 8]. Therefore, identification of recurrent sites 
is important to select the treatment strategy in PSA failure after definitive therapy. 
A computed tomography (CT) and bone scintigraphy are most frequently used to 
detect the metastatic sites. However, these two modalities usually cannot detect the 
recurrent sites in these cohorts [9]. For example, positive rate of bone scintigraphy 
was reported to be less than 5% in PSA failure after RP and it can be detectable over 
PSA 40–45 ng/mL [10].

13.3.2  Choline Positron-Emission Tomography-CT

A recent meta-analysis reported the usefulness of a choline positron-emission 
tomography (PET)-CT that this modality has a sensitivity of 85% and specificity of 
88% [11]. However, the positive predictive value as defined by prolonged PSA-free 
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survival after local salvage is not known. Furthermore, it could detect the recurrence 
site only in one-third of the patients approximately in PSA values less than 1 ng/mL 
[12]. Accordingly, in the setting of PSA failure, this modality is considered to be 
under investigation.

13.3.3  ProstaScint

A monoclonal antibody specifically binds to the intracellular epitope of prostate-
specific membrane antigen (PSMA) on prostatic epithelial cells that was developed 
to detect distant metastasis in both high-risk Pca patients and in patients with 
increasing PSA levels after RP. When used after RP, ProstaScint had a sensitivity of 
75–86% and a specificity of 47–86% in detecting local recurrence in initial studies 
[13]. However, some conflicting data were reported concerning the effectiveness of 
ProstaScint in determining the further therapy in the post-RP [13, 14]. Also, there is 
no difference in PFS in those with a positive scan versus a negative scan [14]. 
Furthermore, any positive predictive value of ProstaScint is low (27–50%), perhaps 
due to false-positive scans from postsurgical inflammation and vascular perturba-
tions [13, 15]. Based on the currently published literature, ProstaScint should not be 
used in recommending salvage radiation therapy after RP [13–15].

13.4  Salvage Hormonal Therapy for PSA Recurrence 
After Definitive Therapy

13.4.1  Advantage of Salvage ADT

There are conflicting results on the clinical effectiveness of HT after definitive ther-
apy. Some retrospective studies [16, 17] reported a favorable effect of HT, and the 
only one RCT addressing it [18]. In a subgroup analysis of the RTOG 85–31, 243 
patients had PSA recurrence after RT including RP cases. Comparing an early HT 
group starting with less than 10 ng/mL of PSA and a late HT group starting at 10 ng/
mL or more, early HT group had significant longer overall survival with the median 
observation period of 8.5 years [16]. But there was no significant difference in cancer-
specific survival and local recurrence rate [16]. Similarly, in the second analysis of 
ICORG 97-01 [17], they compared the three subgroups: PSA less than10 ng/mL with 
no metastasis, PSA more or 10 ng/mL with no metastasis, and patients with metasta-
sis. As a result, a group of PSA less than 10 ng/mL with no metastasis showed signifi-
cantly better overall survival rate than the other two groups, and in multivariate 
analysis on survival timing of salvage therapy, the period from RT to relapse, and PSA 
nadir value in HT were significant prognostic factors [17]. Finally, there was only one 
RCT to reveal the advantage of early administration of ADT after curative therapy 
[18]. They randomized 293 patients to the immediate-therapy arm and to the delayed-
therapy arm. They found that 5-year overall survival was 86.4% (95% CI 78.5–91.5) 
in the delayed-therapy arm versus 91.2% (84.2–95.2) in the immediate-therapy arm 
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(log-rank p = 0.047). After Cox regression analysis, the unadjusted HR for overall 
survival for immediate versus delayed arm assignment was 0.55 (95% CI 0.30–1.00; 
p = 0.050). Other studies did not find any advantage of HT or any differences between 
early and delayed HT. One retrospective matched cohort study found an unfavorable 
effect of HT [19]. They separated into five groups for analysis based on the time of 
hormone therapy initiation of PSA failure after RP. They concluded that the benefit of 
hormone therapy is lost when ADT is delivered at the time of PSA recurrence or sys-
temic progression. This study may contain the selection bias as clinically unfavorable 
cases tend to start HT earlier and more intensive follow-up. Boorjian et al. [20] inves-
tigated the natural history of the patients with PSA failure after RP. They concluded 
that older patient age, increased pathologic Gleason score (8–10), advanced tumor 
stage (‘pT3≦), and rapid PSA doubling time (<6 months) predicted systemic progres-
sion and death from Pca. Therefore, those young patients who have these risk factors 
may be beneficial from ADT.

13.4.2  Intermittent Versus Continuous ADT

Once hormone therapy has been started, the next clinical question is whether hormone 
therapy should be performed intermittently or continuously. The most notable report 
is a randomized controlled trial study that proved non-inferiority of intermittent ther-
apy to continuous HT [21]. This study [21] consisted of 690 intermittent therapy 
groups and 696 continuous therapy groups for biochemical recurrence after RT or 
after RP (approximately 10%). The treatment protocol of the intermittent therapy 
group was that the patients were off therapy until clinically progressed or increased 
PSA value (increase of less than 1 ng/mL or less than 4 ng/mL from baseline). One 
treatment set consisted of a GnRH agonist or a combination of antiandrogen for 
8 months. In the median observation period of 6.9 years, the number of death was 
268 in the intermittent therapy group whereas 256 cases in the continuous therapy 
group, and the cumulative mortality rates due to Pca in the 7 years were 18% and 
15%, respectively, which were not significantly different (P = 0.24). Also, the non-
inferiority on median OS was also proved between a continuous (8.8 years) and inter-
mittent therapy group (9.1 years) years, respectively (p = 0.009). Regarding QOL, the 
intermittent therapy group was significantly better in hot flash, sexual desire, and uri-
nary tract symptoms, but not overall QoL outcomes. Furthermore, the proportion of 
castration resistance was significantly lower in the intermittent group at a hazard ratio 
of 0.80 (p = 0.03). Whereas this report contains a limitation of lacking of any stratify-
ing criteria such as PSA-DT or initial risk factors, it clearly indicates that intermittent 
HT is useful and beneficial for PSA failure after curative treatment.

13.4.3  Bicalutamide Followed by ADT Versus Radiotherapy

JCOG0401 study was a prospective randomized phase 3 trial to confirm the superiority 
of radiotherapy ± endocrine therapy over endocrine therapy alone for PSA failure after 
radical prostatectomy [22] (Fig. 13.1). Two hundred and ten patients were randomly 
assigned to arm A [endocrine therapy only: bicalutamide (BCL) monotherapy followed 
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by LH-RH agonist in case of BCL failure], or arm B [64.8 Gy of salvage radiotherapy 
(SRT) followed by same regimen of arm A in case of treatment failure of SRT]. The 
primary endpoint was time to treatment failure (TTF) of BCL, and secondary end-
points are TTF of protocol treatment, clinical relapse-free survival (RFS), overall sur-
vival (OS), and adverse events. As a result, The TTF of BCL was significantly better in 
arm B (hazard ratio 0.56 90% CI (0.40–0.77); one-sided p = 0.001). The 33 patients 
(32%) of 102 patients with SRT of arm B had no treatment failure of SRT, resulting in 
being free from hormonal therapy. In addition, TTF of protocol treatment was also 
significantly better in arm B. However, clinical RFS and OS were similar between the 
arms. In conclusion, the first SRT had advantage in both TTF of BCL and protocol 
treatment. Although the clinical outcomes of both arms of salvage therapy were similar 
with each other in terms of clinical PFS and OS, the SRT was effective in 32% of the 
patients, which contributed to avoiding the salvage endocrine therapy.

New therapeutic options with improved imaging technology may contribute to 
change the therapeutic options dramatically in biochemically recurrent Pca patients 
in the future.

References

 1. Carroll P. Rising PSA after a radical treatment. Eur Urol. 2001;40(Suppl 2):9–16. https://doi.
org/10.1159/000049879.

 2. Ficarra V, Novara G, Ahlering TE, Costello A, Eastham JA, Graefen M, et  al. Systematic 
review and meta-analysis of studies reporting potency rates after robot-assisted radical prosta-
tectomy. Eur Urol. 2012;62(3):418–30. https://doi.org/10.1016/j.eururo.2012.05.046.

Arm A
Endocrine 
Therapy

Arm B
Radiation
Endocrine 
therapy

Radiation

Randomization

PSA recurrence after 
Radical prostatectomy  

LH-RH analogue

Bicalutamide

Protocol treatment 
discontinuation

TF*

LH-RH analogue

Bicalutamide

TF*; Treatment failure
• PSA progression
• Clinical progression
• Discontinuation due to 

adverse events 
• patients withdraw 
• other cause of death
• Protocol violence

TF*

TF*TF*

TF*

N=210

cT1c-T2c, post ope PSA 0.1>
Entry PSA: 0.4~1.0 

Primary endpoint: TTF of BCL 

Fig. 13.1 Study design of JCOG0401

13 Salvage Hormonal Therapy for PSA Recurrence After Definitive Therapy

https://doi.org/10.1159/000049879
https://doi.org/10.1159/000049879
https://doi.org/10.1016/j.eururo.2012.05.046


118

 3. Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, De Santis M, et al. EAU-ESTRO-
SIOG Guidelines on prostate cancer. Part 1: Screening, diagnosis, and local treatment with 
curative intent. Eur Urol. 2017;71(4):618–29. https://doi.org/10.1016/j.eururo.2016.08.003.

 4. Freedland SJ, Rumble RB, Finelli A, Chen RC, Slovin S, Stein MN, et  al. Adjuvant and 
salvage radiotherapy after prostatectomy: American Society of Clinical Oncology clinical 
practice guideline endorsement. J Clin Oncol. 2014;32(34):3892–8. https://doi.org/10.1200/
jco.2014.58.8525.

 5. NCCN guideline, prostate cancer 2017v2. https://www.nccn.org/professionals/physician_
gls/f_guidelines.asp.

 6. Shioyama Y, Tsuji H, Suefuji H, Sinoto M, Matsunobu A, Toyama S, et  al. Particle radio-
therapy for prostate cancer. Int J Urol. 2015;22(1):33–9. https://doi.org/10.1111/iju.12640.

 7. Roach M 3rd, Hanks G, Thames H Jr, Schellhammer P, Shipley WU, Sokol GH, et al. Defining 
biochemical failure following radiotherapy with or without hormonal therapy in men with clin-
ically localized prostate cancer: recommendations of the RTOG-ASTRO Phoenix Consensus 
Conference. Int J Radiat Oncol Biol Phys. 2006;65(4):965–74. https://doi.org/10.1016/j.
ijrobp.2006.04.029.

 8. Yokomizo A, Kawamoto H, Nihei K, Ishizuka N, Kakehi Y, Tobisu K, et al. Randomized con-
trolled trial to evaluate radiotherapy +/− endocrine therapy versus endocrine therapy alone for 
PSA failure after radical prostatectomy: Japan Clinical Oncology Group Study JCOG 0401. 
Jpn J Clin Oncol. 2005;35(1):34–6. https://doi.org/10.1093/jjco/hyi007.

 9. Yokomizo A, Murai M, Baba S, Ogawa O, Tsukamoto T, Niwakawa M, et al. Percentage of 
positive biopsy cores, preoperative prostate-specific antigen (PSA) level, pT and Gleason score 
as predictors of PSA recurrence after radical prostatectomy: a multi-institutional outcome study 
in Japan. BJU Int. 2006;98(3):549–53. https://doi.org/10.1111/j.1464-410X.2006.06379.x.

 10. Cher ML, Bianco FJ Jr, Lam JS, Davis LP, Grignon DJ, Sakr WA, et al. Limited role of radio-
nuclide bone scintigraphy in patients with prostate specific antigen elevations after radical 
prostatectomy. J Urol. 1998;160(4):1387–91.

 11. Umbehr MH, Muntener M, Hany T, Sulser T, Bachmann LM. The role of 11C-choline and 
18F-fluorocholine positron emission tomography (PET) and PET/CT in prostate cancer: a 
systematic review and meta-analysis. Eur Urol. 2013;64(1):106–17. https://doi.org/10.1016/j.
eururo.2013.04.019.

 12. Krause BJ, Souvatzoglou M, Treiber U. Imaging of prostate cancer with PET/CT and radio-
actively labeled choline derivates. Urol Oncol. 2013;31(4):427–35. https://doi.org/10.1016/j.
urolonc.2010.08.008.

 13. Zaorsky NG, Yamoah K, Thakur ML, Trabulsi EJ, Showalter TN, Hurwitz MD, et al. A para-
digm shift from anatomic to functional and molecular imaging in the detection of recurrent 
prostate cancer. Future Oncol (London, England). 2014;10(3):457–74. https://doi.org/10.2217/
fon.13.196.

 14. Koontz BF, Mouraviev V, Johnson JL, Mayes J, Chen SH, Wong TZ, et  al. Use of local 
(111)in-capromab pendetide scan results to predict outcome after salvage radiotherapy for 
prostate cancer. Int J Radiat Oncol Biol Phys. 2008;71(2):358–61. https://doi.org/10.1016/j.
ijrobp.2007.10.020.

 15. Petronis JD, Regan F, Lin K. Indium-111 capromab pendetide (ProstaScint) imaging to detect 
recurrent and metastatic prostate cancer. Clin Nucl Med. 1998;23(10):672–7.

 16. Souhami L, Bae K, Pilepich M, Sandler H. Timing of salvage hormonal therapy in prostate 
cancer patients with unfavorable prognosis treated with radiotherapy: a secondary analysis of 
Radiation Therapy Oncology Group 85-31. Int J Radiat Oncol Biol Phys. 2010;78(5):1301–6. 
https://doi.org/10.1016/j.ijrobp.2009.10.007.

 17. Mydin AR, Dunne MT, Finn MA, Armstrong JG. Early salvage hormonal therapy for biochem-
ical failure improved survival in prostate cancer patients after neoadjuvant hormonal therapy 
plus radiation therapy—a secondary analysis of Irish clinical oncology research group 97-01. 
Int J Radiat Oncol Biol Phys. 2013;85(1):101–8. https://doi.org/10.1016/j.ijrobp.2012.03.001.

 18. Duchesne GM, Woo HH, Bassett JK, Bowe SJ, D'Este C, Frydenberg M, et  al. Timing of 
androgen-deprivation therapy in patients with prostate cancer with a rising PSA (TROG 03.06 

A. Yokomizo

https://doi.org/10.1016/j.eururo.2016.08.003
https://doi.org/10.1200/jco.2014.58.8525
https://doi.org/10.1200/jco.2014.58.8525
https://www.nccn.org/professionals/physician_gls/f_guidelines.asp
https://www.nccn.org/professionals/physician_gls/f_guidelines.asp
https://doi.org/10.1111/iju.12640.
https://doi.org/10.1016/j.ijrobp.2006.04.029
https://doi.org/10.1016/j.ijrobp.2006.04.029
https://doi.org/10.1093/jjco/hyi007
https://doi.org/10.1111/j.1464-410X.2006.06379.x
https://doi.org/10.1016/j.eururo.2013.04.019
https://doi.org/10.1016/j.eururo.2013.04.019
https://doi.org/10.1016/j.urolonc.2010.08.008
https://doi.org/10.1016/j.urolonc.2010.08.008
https://doi.org/10.2217/fon.13.196.
https://doi.org/10.2217/fon.13.196.
https://doi.org/10.1016/j.ijrobp.2007.10.020
https://doi.org/10.1016/j.ijrobp.2007.10.020
https://doi.org/10.1016/j.ijrobp.2009.10.007
https://doi.org/10.1016/j.ijrobp.2012.03.001


119

and VCOG PR 01-03 [TOAD]): a randomised, multicentre, non-blinded, phase 3 trial. Lancet 
Oncol. 2016;17(6):727–37. https://doi.org/10.1016/s1470-2045(16)00107-8.

 19. Siddiqui SA, Boorjian SA, Inman B, Bagniewski S, Bergstralh EJ, Blute ML. Timing of andro-
gen deprivation therapy and its impact on survival after radical prostatectomy: a matched cohort 
study. J Urol. 2008;179(5):1830–7.; discussion 7. https://doi.org/10.1016/j.juro.2008.01.022.

 20. Boorjian SA, Thompson RH, Tollefson MK, Rangel LJ, Bergstralh EJ, Blute ML, et al. Long-
term risk of clinical progression after biochemical recurrence following radical prostatec-
tomy: the impact of time from surgery to recurrence. Eur Urol. 2011;59(6):893–9. https://doi.
org/10.1016/j.eururo.2011.02.026.

 21. Crook JM, O’Callaghan CJ, Duncan G, Dearnaley DP, Higano CS, Horwitz EM, et  al. 
Intermittent androgen suppression for rising PSA level after radiotherapy. N Engl J Med. 
2012;367(10):895–903. https://doi.org/10.1056/NEJMoa1201546.

 22. Yokomizo A, Satoh T, Hashine K, Inoue T, Fujimoto K, Egawa S, et al. Randomized controlled 
trial comparing radiotherapy +/− endocrine therapy versus endocrine therapy alone for PSA 
failure after radical prostatectomy: Japan Clinical Oncology Group Study JCOG0401. Ann 
Oncol. 2017;28(Suppl 5):v269–94. https://doi.org/10.1093/annonc/mdx370.

13 Salvage Hormonal Therapy for PSA Recurrence After Definitive Therapy

https://doi.org/10.1016/s1470-2045(16)00107-8
https://doi.org/10.1016/j.juro.2008.01.022
https://doi.org/10.1016/j.eururo.2011.02.026
https://doi.org/10.1016/j.eururo.2011.02.026
https://doi.org/10.1056/NEJMoa1201546
https://doi.org/10.1093/annonc/mdx370


121© Springer Nature Singapore Pte Ltd. 2018
Y. Arai, O. Ogawa (eds.), Hormone Therapy and Castration Resistance 
of Prostate Cancer, https://doi.org/10.1007/978-981-10-7013-6_14

Y. Arai, M.D., Ph.D. (*) · K. Mitsuzuka 
Department of Urology, Tohoku University Graduate School of Medicine, Sendai, Japan
e-mail: yarai@uro.med.tohoku.ac.jp

14Androgen Deprivation Therapy 
for Clinically Localized Prostate Cancer

Yoichi Arai and Koji Mitsuzuka

Abstract
Androgen deprivation therapy (ADT) has been widely used as primary mono-
therapy in men with localized prostate cancer (PCa). Since most new cases of 
PCa are diagnosed in the early stages in the prostate-specific antigen (PSA) 
era, the situation has gradually changed toward earlier and longer use of hor-
mone therapy. Emerging evidence suggests the potential harm associated with 
long- term use of ADT, such as increased risks of osteoporosis, cardiovascular 
disease, and metabolic change. It is important to understand the impact of 
primary ADT (PADT) on survival among men who do not undergo definitive 
treatment.

Large, population-based studies suggest that PADT does not improve survival 
in men with localized PCa, and there are data suggesting reduced overall survival 
with ADT. Many of the randomized, controlled trials (RCTs) of immediate ver-
sus deferred ADT failed to show a survival benefit of immediate use of ADT for 
localized PCa. In the most recent RCT, immediate ADT resulted in a modest but 
statistically significant increase in overall survival, but no significant difference 
in PCa mortality or symptom-free survival. A subset of men with localized PCa 
may benefit from immediate PADT, but this must be weighed against the adverse 
effects of long-term ADT.
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14.1  Introduction

The incidence of prostate cancer (PCa) in Japan had been considered to be relatively 
low, but it has been increasing dramatically in recent years. According to the Cancer 
Information Service of the National Cancer Center, there were 98,400 estimated 
new cases of PCa in 2015, making this the leading cancer in Japanese men [1]. 
There is significant controversy about the role of treatment for patients with clini-
cally localized disease. Radical prostatectomy, radiation therapy, or active surveil-
lance can usually be offered to these patients, based on their prostate-specific 
antigen (PSA) level, clinical stage, Gleason score, age, comorbidities, and prefer-
ences. Another potential treatment option is androgen deprivation therapy (ADT) as 
monotherapy for localized prostate cancer. ADT is the first-line treatment for 
patients with metastatic disease and is commonly used in combination with radio-
therapy for patients with high-risk localized disease [2]. Since its role as mono-
therapy (i.e., primary ADT [PADT]) in patients with localized PCa has not been 
established in clinical trials, PADT is not recommended by the European Association 
of Urology (EAU) guideline or the National Comprehensive Cancer Network for 
nonmetastatic disease [3, 4]. In daily practice, however, use of ADT has increased 
as a treatment of choice for these men [5–7].

Since most of the new cases are diagnosed in the early stages in the PSA era, the 
situation has gradually changed toward earlier and longer use of hormone therapy. 
On the other hand, emerging evidence suggests the potential harm associated with 
long-term ADT, such as increased risks of osteoporosis, cardiovascular disease, and 
metabolic change [8, 9]. It is important to understand the impact of PADT on sur-
vival among men who do not undergo definitive treatment. The aim of this chapter 
is to review the existing literature concerning PADT for localized PCa and to under-
stand whether there is objective evidence showing that PADT is beneficial in terms 
of quantity and quality of life.

14.2  Trends in PADT for Clinically Localized PCa in Japan

Historically, PADT continued to be used for numerous localized PCa cases in Japan. 
The concept that cardiovascular adverse reactions to administration of estrogen 
were relatively uncommon in Japan has long been believed to play a part in this situ-
ation. Another concept, that there is a difference in response to PADT between 
Japanese and Western men, may have contributed to wide use of PADT even for 
localized PCa in Japan [5]. A recent study on trans-Pacific variations in outcomes 
showed that men on PADT in Japan have less than half the adjusted PCa-specific 
mortality (PCSM) than men in the USA [10].

Trends in PADT for clinically localized PCa in Japan were first reported in 2005 
[11]. The Japanese Urological Association (JUA) initiated computer-based registra-
tion of PCa patients in Japan from 2001. The aim of the registration system was to 
examine etiology, diagnosis, initial planned treatment, pathological findings, and 
final outcome. A total of 4529 patients newly diagnosed with prostate cancer were 
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registered in 2000. Since it was estimated that there were approximately 14,000 new 
prostate cancer patients in Japan that year [12], this registry covered about 30% of 
the new cases. For cases of T1c to T3N0M0, 44.5% underwent PADT without any 
other additional treatment. PADT was used in 35.7% of T1c patients and in 41.6% 
of T2 patients.

The Japan Prostate Cancer Study Group (J-CaP) conducted a study named 
“J-CaP 2010 surveillance” and reported recent trends in the initial therapy for newly 
diagnosed PCa [13]. PADT was used in 25% of T1 patients and in 36% of T2 
patients, showing a decreasing trend in the use of PADT for early-stage disease 
compared with the 2001 JUA registration data. Although combined androgen block-
ade (CAB) was much more frequently chosen in patients with poorer risk factors or 
in higher risk categories, it was frequently used even for stage I (T1, T2a) disease 
(63.5%) and in D’Amico’s low-risk category (56.7%) [14]. There are considerable 
differences in the treatment patterns for localized disease among countries. Analysis 
of the Cancer of the Prostate Strategic Urologic Research Endeavor (CaPSURE) 
data 2010 showed that 49.9% of patients underwent prostatectomy, 24.5% radia-
tion, and 14.4% ADT [6]. Although a trend in the treatment patterns toward more 
curative treatments was observed in Japan, there are still large differences between 
Japan and the USA [13].

14.3  The Role of PADT for Localized PCa:  
Population-Based Study

ADT has been widely used as primary monotherapy in men with localized PCa. 
During the last decade, however, potential long-term toxicities associated with ADT 
have been well recognized [8, 9]. Furthermore, the body of literature on the long- 
term survival impact of PADT in men with localized PCa has been growing rapidly 
(Table 14.1).

Using the Surveillance, Epidemiology, and End Results (SEER) Medicare data, 
Wong et al. measured the impact of PADT compared to observation on overall sur-
vival in men with localized PCa [15]. The cohort consisted of 16,535 men with 
organ-confined well-differentiated or moderately differentiated PCa at diagnosis 
who survived >1 year past diagnosis and did not undergo definitive treatment within 
6 months of diagnosis. After propensity score adjustment, PADT did not improve 
overall survival, but instead resulted in worse outcomes compared with observation 
(hazard ratio [HR]: 1.20; 95% confidence interval [CI]: 1.13–1.27). Interestingly, 
patients who received PADT had a higher risk of PCSM (subdistribution hazard 
ratio [sHR]: 2.22; 95% CI: 1.87–2.65) compared to those who were observed. Non- 
PCSM appeared similar in both groups (sHR: 1.06; 95% CI: 1.00–1.13; p = 0.057). 
Patients who receive PADT may be at higher risk of developing androgen- 
independent disease earlier than those who do not receive PADT.

Regarding this issue, Lu-Yao et  al. reported that early treatment of low-risk, 
localized PCa with PADT does not delay the receipt of subsequent palliative thera-
pies and is associated with increased use of chemotherapy [16]. Men with low-risk 
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PCa who were started on PADT shortly after diagnosis received subsequent pallia-
tive cancer therapy, especially chemotherapy, more frequently than men who 
delayed the use of PADT. They expanded their study to include more Surveillance, 
Epidemiology and End Results (SEER) regions and extended the follow-up for an 
additional 6 years, from 2003 to 2009 [17]. The study cohort consisted of 66,717 
Medicare patients from the SEER database. The patients were 66 years or older 
who received no definitive local therapy within 180 days of PCa diagnosis. The 
instrumental variable comprised combined health services areas with various usage 
rates of primary ADT. With a median follow-up of 110 months, PADT was not 
associated with improved 15-year overall or PCa-specific survival following the 
diagnosis of localized PCa. They underlined that PADT should be used only to pal-
liate symptoms of disease or prevent imminent symptoms associated with disease 
progression. The study was limited to men 66 years or older; the results could dif-
fer for younger men.

Potosky et al. conducted a retrospective cohort study using comprehensive utili-
zation and cancer registry data from three integrated health plans [18]. The study 
cohort included 15,170 men with newly diagnosed localized PCa who did not 
receive curative intent therapy; 23% of the men had PADT initiated within the first 
year after diagnosis. After adjusting for all sociodemographic and clinical charac-
teristics, PADT was associated with neither a risk of all-cause mortality (HR: 1.04; 
95% CI: 0.97–1.11) nor PCSM (HR: 1.03; 95% CI: 0.89–1.19). PADT was associ-
ated with a decreased risk of all-cause mortality only among the subgroup of men 
with a high risk of cancer progression (HR: 0.88; 95% CI: 0.78–0.97). Interestingly, 
there was an increased risk of cardiovascular deaths in the PADT group (13% vs. 
8%; unadjusted HR: 1.81; 95% CI: 1.61–2.02), although, after adjustment, this dif-
ference was not significant (HR: 1.11; 95% CI: 0.95–1.27).

14.4  Immediate Versus Deferred ADT for Patients 
with Localized PCa: Randomized Trial

14.4.1  Veterans Administration Cooperative Urological Research 
Group (VACURG) Study 1

The earliest controlled trial was VACURG Study 1 reported in 1973 [19]. This was 
a placebo-controlled, blinded trial that compared patients treated with placebo to 
treatment with orchiectomy plus placebo, diethylstilbestrol 5 mg daily, or orchiec-
tomy plus diethylstilbestrol. Patients treated with diethylstilbestrol alone or orchiec-
tomy plus diethylstilbestrol were excluded, since these men had significantly 
increased cardiovascular mortality, and diethylstilbestrol is rarely used as 
PADT. Thus, the discussion is limited only to patients who were in the placebo and 
orchiectomy treatment groups. Of men with locally advanced (T3-T4M0, stage III 
disease), 262 were assigned to placebo and 266 to orchiectomy. At 9 years, there 
was no difference in PCa-specific survival or overall survival between the two treat-
ment groups. Interestingly, similar findings were observed in men with metastatic 
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disease (M1, stage IV). In this study, at the time of symptomatic progression, 
patients were eligible for treatment with other regimens, and in the placebo group 
65% of the patients with locally advanced disease received active treatment. 
Therefore, the study is actually considered to be an examination of the survival 
benefit of immediate versus deferred ADT. Although the study was conducted in the 
pre-PSA era, the results suggest that there is little advantage to immediate ADT in 
men with locally advanced or metastatic disease.

14.4.2  The Medical Research Council Trial

The Medical Research Council Prostate Cancer Working Party Investigator Group 
conducted a randomized trial of immediate versus deferred ADT in 676 M0 and 261 
M1 patients [20]. Early results suggested a survival benefit in favor of immediate 
ADT for M0 patients. In contrast to the interim analysis, however, the final analysis 
showed that the difference in overall survival was no longer significant in M0 
patients [21]. The immediate patients died more from non-prostatic cancer. The 
study also suggested a possible survival benefit with immediate ADT in M1 patients 
(Table 14.2).

14.4.3  The Swiss Group for Clinical Cancer Research (SAKK) Trial

The SAKK conducted a prospective randomized trial involving 197 patients: 67% 
with T3-T4 tumors, 20% with lymph node metastases, and 22% with distant metas-
tases at randomization [22]. The study showed a trend toward improved PCa- 
specific survival with immediate orchiectomy (p = 0.09), but overall survival was 
not significantly different between the two treatment groups (p = 0.96) (Table 14.2).

14.4.4  The European Organization for Research and Treatment 
of Cancer (EORTC) Trial 30891

Most recently, the EORTC Trial 30891 attempted to demonstrate equivalent overall 
survival in patients with localized prostate cancer not suitable for local curative 
treatment treated with immediate or deferred ADT [23] (Table 14.2). A total of 985 
patients with newly diagnosed PCa T0-4N0-2M0 were randomly assigned to receive 
ADT either immediately (n = 493) or on symptomatic disease progression or occur-
rence of serious complications (n = 492). Their median age was 73 years (range, 
52–81 years). At a median follow-up of 7.8 years, immediate ADT resulted in a 
modest but significant increase in overall survival, but no significant difference in 
prostate cancer mortality or symptom-free survival. Interestingly, the differences in 
survival were observed predominantly in patients who died within 3–5 years after 
random assignment, and the overall survival difference was apparently due to 
increased non-PCa-related mortality. Moreover, many patients in the deferred ADT 
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arm did not require ADT because they died before becoming symptomatic. Thus, 
despite the overall survival benefit, immediate ADT may not be needed in all 
patients with M0 PCa who are not candidates for local therapy. Then, sub-analyses 
showed that patients with a baseline PSA >50 ng/mL and/or a PSA doubling time 
(PSADT) <12 months were at increased risk to die from PCa and might have ben-
efited from immediate ADT [24].

The long-term (median follow-up: 12.9  years) results of EORTC trial 30891 
were reported in 2014 [25]. Again, deferred ADT was inferior to immediate ADT in 
terms of overall survival (HR: 1.21; 95% CI: 1.05–1.39; p = 0.0085). Deferred ADT 
was significantly worse than immediate ADT for time to first objective disease pro-
gression, but time to objective castration-resistant disease after deferred ADT did 
not differ significantly (p = 0.42) from that after immediate ADT. Consequently, 
PCa mortality did not differ significantly, except in patients with aggressive PCa 
resulting in death within 3–5 years after diagnosis. The reasons why the significant 
survival benefit with immediate ADT was apparently due to less non-PCa-related 
mortality and not due to prostate cancer-related deaths are not clear. Interestingly, 
the number of cardiovascular related deaths was unexpectedly, although slightly, 
greater in the deferred ADT arm than in the immediate ADT arm (133 vs. 121 
deaths).

Importantly, there was a big difference in ADT modality (orchiectomy or LHRH 
agonist) chosen by the patient: 52% of patients on immediate ADT were effectively 
orchiectomized compared with only 34% of the 275 patients who started deferred 
ADT (chi-squared p  <  0.0001), because LHRH treatment became more popular 
over time. The most recent study using a population-based cohort of 3295 men with 
metastatic PCa showed that LHRH agonist therapy is associated with higher risks of 
cardiac related complications, peripheral arterial disease, and fracture compared 
with orchiectomy [26]. In EORTC trial 30891, therefore, ADT modalities were not 
well balanced between the two treatment arms in terms of possible risks of clini-
cally relevant adverse effects.

14.5  Efficacy of PADT for Japanese Men with Localized or 
Locally Advanced PCa

Although PADT has been widely used even for localized PCa in Japan, there have 
been sparse data supporting its efficacy in terms of survival advantage. Unfortunately, 
there have been no well-controlled trials of immediate versus deferred ADT for 
localized PCa in Japan. Akaza et al. reported 10-year survival rates for men with 
localized or locally advanced PCa treated with PADT or prostatectomy [27]. 
Between February 1993 and March 1995, men with T1b, T1c, or T2-3N0M0 pros-
tate cancer were enrolled. In all, 176 men who underwent prostatectomy were 
assigned to Study 1 and were given adjuvant LHRH agonist therapy; 151 men who 
did not undergo prostatectomy were assigned to Study 2 and had LHRH agonist 
monotherapy or CAB. With a median of 10.4 years of follow-up, in Study 1, the 
10-year overall survival rate was 73%, and the 10-year cause-specific survival rate 
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was 86%, vs. 41% and 78%, respectively, in Study 2. Overall survival curves were 
similar to expected survival curves in both studies. There was no significant differ-
ence between studies in cause-specific survival. They concluded that, with PADT or 
prostatectomy, the men had a life expectancy similar to that of the normal 
population.

However, it is hard to clearly draw conclusions that the life expectancy of men 
with localized or locally advanced PCa can be improved by PADT, since no deferred 
therapy group was included in the study, and natural history data are not available 
for Japanese patients with PCa. Furthermore, when evaluating the life expectancy of 
PCa patients, a healthy screener effect should be taken into account in the PSA era 
[28]. Generally, people who undergo screening have better overall health behaviors 
than those who do not. Patients choosing PSA screening may have better diets and 
healthier lifestyles and may more often choose definitive treatment when diagnosed 
with PCa [29]. Actually, comparison of other-cause survival to US life tables showed 
a survival benefit for patients with locoregional PCa over the baseline population 
[28]. Therefore, their findings that men had a life expectancy similar to that of the 
normal population do not guarantee that PADT has a survival advantage.

 Conclusions

PADT has been widely used in men with localized PCa in Japan, despite a lack 
of clinical trials supporting its use. Large, population-based studies suggest that 
PADT does not improve survival in men with localized PCa, and there are data 
suggesting reduced overall survival with ADT. Many of the RCTs of immediate 
versus deferred ADT failed to show a survival benefit of immediate use of ADT 
for localized PCa. In the most recent RCT, immediate ADT resulted in a modest 
but significant increase in overall survival, but no significant difference in PCa 
mortality or symptom-free survival. A subset of men with localized PCa may 
benefit from immediate PADT, but this must be weighed against the adverse 
effects of long-term ADT.
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Complications of ADT for Prostate 
Cancer: Hot Flashes

Hideki Sakai and Tomoaki Hakariya

Abstract
Hot flashes are often a lasting and distressing side effect of androgen deprivation 
therapy (ADT) for men with prostate cancer. Hot flashes have been reported in as 
many as 80% of men with prostate cancer treated with ADT. In men treated with 
ADT, endorphins may be reduced because of suppression of testosterone levels. 
This reduction in endorphins may mediate the process of lowering the thermo-
regulatory set point and ultimately the activation of heat loss mechanisms, result-
ing in a hot flash. A variety of treatments have been assessed for managing hot 
flashes, including hormonal therapies, complementary treatments, and nonhor-
monal drug treatments, such as clonidine, gabapentin, and selective serotonin 
reuptake inhibitors. However, for hot flashes, there are presently no highly effec-
tive mitigating interventions without adverse events.

Keywords
Prostate cancer · Androgen deprivation therapy · Hot flash · Steroidal antiandrogen · 
Gabapentin · Venlafaxine · Acupuncture · Cognitive-behavioral therapy

15.1  Introduction

Hot flashes are often a lasting and distressing side effect of androgen deprivation 
therapy (ADT) for men with prostate cancer. Hot flashes have been reported in as 
many as 80% of men with prostate cancer treated with ADT [1]. Hot flashes, flush-
ing or hot flushes, are synonymous words for episodes of heat sensation that are 
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associated with objective signs of cutaneous vasodilation and a subsequent drop in 
core temperature [2]. The vasomotor symptoms that characterize hot flashes (e.g., 
feelings of intense heat, profuse sweating, and flushing) have a negative effect on 
sleep, energy, sexuality, and overall quality of life [3]. This relatively common side 
effect of ADT may persist for several years. In a study of 63 men treated with orchi-
ectomy or luteinizing hormone-releasing hormone agonists, 68% of patients 
reported hot flashes and 48% still had hot flashes 5 years after treatment [4].

Moreover, hot flashes may be one of the reasons that patients treated with ADT 
discontinue treatment prematurely and lose the potential survival benefit conferred 
by these therapies. The persistence of hot flashes in men has been associated with 
their decision to discontinue ADT [5]. Thus, it is important to manage hot flashes in 
men receiving ADT for prostate cancer.

15.2  Mechanisms of Hot Flashes

It is presumed that the physiological mechanism of hot flashes in men treated with 
ADT is similar to that in menopausal women and women treated with antiestrogens. 
A hot flash may be described as a subjective feeling of heat, accompanied by pro-
fuse sweating and shivering that may last a few minutes. In addition, patients may 
experience reddening of the skin of the face, head, and neck secondary to increased 
skin blood flow during these episodes. These phenomena occur as a result of a 
decreased set point of the hypothalamic thermoregulatory center and the resultant 
heat loss mechanisms. This change in set point is likely due to aberrations in endor-
phin and serotonin levels in the central nervous system [6, 7]. Several authors have 
reported that estrogen and testosterone stimulate endorphin production and that 
decreased estrogen levels are associated with decreased serotonin levels in the blood 
[7]. In the hypothalamus, it is thought that the thermoregulatory set point is lowered 
by norepinephrine. Endorphins are known to tonically inhibit norepinephrine pro-
duction and release in the thermoregulatory centers of the hypothalamus. In men 
treated with ADT, endorphins may be reduced because of suppression of testoster-
one levels. This reduction in endorphins may mediate the process of lowering the 
thermoregulatory set point and ultimately the activation of heat loss mechanisms, 
resulting in a hot flash [7]. While the role of serotonin in the thermoregulatory path-
way is not completely understood, it is known that activation of certain serotonin 
receptors in the hypothalamus mediates heat loss. Thus, a relationship between 
androgens and vasomotor tone regulation may exist. However, the exact physiologic 
mechanisms of hot flashes are still uncertain.

15.3  Signs and Symptoms of Hot Flashes

Hot flashes occur with a reddening of the skin and often sweating. The episodes 
may last anywhere from a few seconds to several minutes; however, most epi-
sodes usually last 2–3 min. Symptoms associated with hot flashes can be graded 
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from mild to severe, as shown in Table  15.1 [8]. Subjective measures of hot 
flashes include assessing the frequency, severity, intensity, distress, and interfer-
ence with daily activities. A study of 138 medically or surgically castrated men 
showed that hot flashes occurred an average of four times per day [9]. Younger 
men were more likely to report hot flashes than older men. In addition to flush-
ing and sweating, most men reported warmth, dry mouth, and clammy skin. 
Fatigue and weakness were experienced in 45% of men, whereas emotional 
symptoms, such as distress, anxiety, and irritability, were reported by less than 
40% [9].

15.4  Treatments for Hot Flashes

A variety of treatments have been assessed for managing hot flashes, including hor-
monal therapies, complementary treatments, and nonhormonal drug treatments, 
such as clonidine, gabapentin, and selective serotonin reuptake inhibitors. Most of 
these treatments have been evaluated predominantly in postmenopausal women and 
those receiving therapy for breast cancer.

15.4.1  Gabapentin

Several randomized, controlled clinical trials have demonstrated the efficacy of 
gabapentin in reducing hot flashes in women with breast cancer [10, 11]. In addi-
tion, a randomized crossover study of gabapentin and venlafaxine in women with 
breast cancer revealed that both agents decreased hot flashes. However, gabapentin 
was associated with more dizziness (p = 0.005) and increased appetite (p < 0.001) 
[12]. Moraska et al. described the efficacy of low-dose gabapentin in treating hot 
flashes in men treated with ADT [13]. This self-report of 117 men with prostate 
cancer who received gabapentin 600 mg per day showed moderately decreased hot 
flash scores without substantial toxicities.

Table 15.1 Hot flash scoring scale

Severity Score Duration (min) Observations
Mild 1 <1 – Warm, slightly uncomfortable

– No sweating
Moderate 2 <5 – Warmer, perspiration

– Removal of some clothing
Severe 3 >5 – Burning, warmth

– Disruption of normal life
– Difficulty sleeping
– Excessive perspiration
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15.4.2  Venlafaxine

Several randomized, controlled trials have demonstrated the efficacy of venlafaxine, 
a selective serotonin reuptake inhibitor antidepressant, in reducing hot flashes. A 
12-week, double-blind trial comparing clonidine, venlafaxine, and a placebo in 80 
women with breast cancer found that venlafaxine and clonidine were slightly more 
effective than the placebo in reducing hot flash symptoms [14]. However, all study 
groups showed significant reductions in symptoms at 12 weeks, including the pla-
cebo group, which reported a 29% decrease in hot flashes. In men treated with ADT 
for prostate cancer, venlafaxine was not found to be superior to cyproterone acetate 
or medroxyprogesterone acetate in a double-blind randomized study (n  =  109). 
However, no placebo control group was included in this study [15].

15.4.3  Steroidal Antiandrogens

The preventive and therapeutic effects of steroidal antiandrogens against hot 
flashes have been investigated in a combined androgen blockade (CAB) setting 
[16, 17]. Recently, Sakai et al. reported that CAB using the steroidal antiandrogen 
chlormadinone acetate might reduce distressing hot flashes to a greater extent than 
CAB with bicalutamide in a prospective, randomized controlled study (n = 124) 
[18]. Bicalutamide is a pure antiandrogen, and chlormadinone is a progestin with 
progestational, as well as antiandrogenic, properties, which could partly explain 
the clinical differences between the two antiandrogens. Irani et  al. conducted a 
12-week double-blind study of three drugs to manage hot flashes in men receiving 
ADT for prostate cancer: venlafaxine 75 mg per day (n = 102), medroxyprogester-
one acetate 20  mg per day (n  =  108), or cyproterone acetate 100  mg per day 
(n = 101). No comparator placebo control arm was included. All three drugs were 
found to reduce hot flashes in men, but cyproterone acetate and medroxyprogester-
one were most effective [15].

15.4.4  Clonidine

In a systematic review, Rada et al. reported that clonidine reduced hot flashes in 
women with breast cancer [11]. However, a similar placebo-controlled trial in men 
treated with orchiectomy for prostate cancer found no significant benefit of cloni-
dine treatment [17].

15.4.5  Acupuncture

Acupuncture has also been evaluated. A systematic review identified six studies 
using acupuncture to treat hot flashes, of which none were randomized and placebo 
controlled [19]. One prospective study of 60 men receiving auricular acupuncture 
weekly for 10 weeks found that 95% of men experienced a decrease in symptoms 
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[20]. A more recent study of 14 men found that acupuncture decreased hot flash 
scores by 89.2% from 37.41 to 4.05 (p = 0.0078) after 6 weeks [21]. The clinical 
improvement is likely related to acupuncture’s ability to stimulate the release of 
endorphins, norepinephrine, and serotonin in the hypothalamic thermoregulatory 
nucleus and modulate the peripheral autonomic nervous system, leading to periph-
eral vascular dilatation. These results must be considered preliminary, and random-
ized placebo-controlled trials are needed to further evaluate the role of acupuncture 
in the treatment of ADT-related hot flashes.

15.4.6  Cognitive Behavioral Therapy

There is evidence that cognitive behavioral therapy (CBT) is a safe and effective 
intervention for reducing the impact of hot flashes and night sweats (HFNS) and 
improving psychosocial functioning for menopausal women [22] and breast cancer 
survivors [23, 24]. Another author reported that 96 symptomatic women seen in a 
breast cancer clinic were enrolled in a randomized trial in which individualized 
“usual care” by breast care nurses was compared to usual care plus group CBT 
intervention [23]. Group CBT incorporated group discussions, handouts, and 
weekly homework with audio instructions for daily relaxation and paced breathing 
exercises at home. Little difference in hot flash frequency and night sweats was 
found between the two groups at weeks 9 and 26. Recently, Stefanopoulou et al. 
reported a randomized controlled trial of guided self-help CBT (n = 33) on HFNS 
problem rating compared with treatment as usual (n = 35) in patients undergoing 
ADT [25]. They revealed that CBT significantly reduced HFNS problem rating 
(p = 0.001) and HFNS frequency (p = 0.02) at 6 weeks compared with treatment as 
usual. They concluded that further research should test this intervention in a multi-
center trial and include a range of ethnicities.

15.4.7  Other Treatments

Alternative remedies have also been tested to try to reduce hot flashes. Soy protein 
was tested in a randomized trial of 33 men undergoing ADT but showed no improve-
ment in vasomotor symptoms [26]. A 2 × 2 randomized trial of soy protein, venla-
faxine, and a combination of the two found no reduction in hot flashes for either soy 
protein or venlafaxine compared with placebo [27].

 Conclusions
Although ADT can improve survival for men in certain settings, it also has a 
variety of potential disadvantages. For hot flashes, there are presently no highly 
effective mitigating interventions without adverse events. At this point, the only 
way to prevent hot flashes is to avoid unnecessary use of ADT. ADT is not rec-
ommended as therapy for low-risk cancer or neoadjuvant therapy before radical 
prostatectomy. For situations in which ADT is necessary, clinicians should inter-
vene to reduce the negative outcomes following ADT.
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of Fracture
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Abstract
Patients with advanced disease usually receive hormonal therapy, such as 
androgen deprivation therapy (ADT). Although ADT is initially very effective 
for prostate cancer, long-term ADT is known to be associated with various side 
effects. Among them ADT is associated with the deterioration of bone health, 
including an increased risk of fracture from osteoporosis and the development 
of bone metastasis. For patients with conditions associated with fragility, such 
as osteoporosis in patients treated with ADT, it is important to estimate the risk 
of fracture. In order to identify the patients who require bone-supportive treat-
ment for osteoporosis, the bone mineral density is assessed by dual-energy 
X-ray absorptiometry. The Fracture Risk Assessment Tool (FRAX) has been 
developed to evaluate the risk of fracture, and likely improves the assessment 
of the risk of fracture through the inclusion of patient characteristics. The 
maintenance of bone health is very important for achieving long survival 
because skeletal fractures are associated with shortened survival. Clinicians 
must pay attention to bone health and provide specific management for osteo-
porosis in prostate cancer patients.
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16.1  Introduction

In Japan, the number of prostate cancer patients has dramatically increased because 
of widespread PSA screening and aging of the population. After the Caucasian 
countries and the countries in the Asia Pacific (such as Australia and New Zealand), 
Japan has the highest prevalence of prostate cancer. The proportion of patients with 
advanced-stage prostate cancer is higher in comparison to the United States. Patients 
with advanced disease usually receive hormonal therapy, such as androgen depriva-
tion therapy (ADT) including GnRH analogue or surgical castration.

Although ADT is initially very effective for prostate cancer, long-term ADT 
is known to be associated with various side effects, including vasomotor flush-
ing, cardiovascular complications, metabolic syndrome, a decreased sexual 
function, increased fat mass, and decreased muscle strength [1]. Furthermore, it 
is well known that ADT is associated with the deterioration of bone health, 
including an increased risk of fracture from osteoporosis and the development 
of bone metastasis. Most prostate cancer patients are >70  years of age. 
Osteoporosis and osteopenia become advanced in association with aging. A pro-
spective cohort study in a semi-urban city in Australia revealed that all major 
fractures (i.e., proximal femur or vertebral fractures) were associated with 
increased mortality, even in elderly men [2]. Thus, the maintenance of bone 
health is very important for achieving long survival because skeletal fractures 
are associated with shortened survival [3].

16.2  The Risk of Osteoporosis and Bone Fractures  
in Patients Undergoing ADT

In healthy adults, an appropriate bone mass is maintained by the balance between bone 
formation by osteoblasts and bone resorption by osteoclasts. For instance, in vertebral 
bones, micro-fractures constantly occur due to gravity; through this, bone formation 
and resorption are equally maintained. Osteoblasts secrete receptor activator of nuclear 
factor-κΒ ligand (RANKL), which binds to RANK on the surfaces of osteoclast pre-
cursors, leading to the triggering of maturation, activation, and prolonged survival of 
osteoclasts [4]. Osteoprotegerin (OPG) plays a role as a decoy receptor, by binding and 
neutralizing RANKL, and essentially inhibits bone resorption [5]. In patients receiving 
vitamin D3, parathyroid hormone, tumor necrosis factor-a, activated T-cells, and gluco-
corticoid therapies increase the ratio of RANKL to OPG, promoting bone resorption 
[5, 6]. Testosterone stimulates the osteoblasts and inhibits the apoptosis of osteoblasts 
and osteoclasts. In contrast, in male patients with hypogonadism (e.g., patients who 
have undergone orchiectomy or who are receiving ADT), the decreased testosterone 
and estrogen levels induce bone resorption [7, 8]. A previous study showed that the 
rates of other femur, hip/femoral neck, upper and lower arm, spine, and pelvic bone 
fractures were significantly increased in patients undergoing ADT treatment in com-
parison to ADT nonusers [9]. Furthermore, independent predictors of fragility and 
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fracture were revealed, including aging, prior bone thinning medications, chronic kid-
ney disease, prior dementia, prior fragility fracture, and a prior diagnosis of osteoporo-
sis (P < 0.05).

Morote et  al. investigated the prevalence of osteoporosis in hormone-naïve 
patients with prostate cancer. The results showed that the prevalence of osteoporosis 
increased in accordance with the duration of ADT, finally reaching >80% after 
10  years of ADT [10]. The other patients showed osteopenia, which means no 
patient on long-term ADT had a normal bone mass. Osteoporosis can be detected 
based on the bone mineral density (BMD), which can be measured by dual-energy 
X-ray absorptiometry (DEXA). Numerous reports have discussed the relationship 
between the BMD and bone fractures. Patients with prostate cancer who received 
ADT showed a significantly decreased hip BMD in comparison to patients who had 
not started ADT (P = 0.02) [11]. Similar findings were reported in Japanese patients, 
in that the BMD/young adult mean ratio was inversely correlated with the duration 
of ADT. The ratio was found to decrease by approximately 3% every 12 months 
[12]. A large study of Medicare records indicated that the overall fracture rate after 
5 years was 19.4% among patients treated with ADT within 6 months of their diag-
nosis, while that in patients who did not receive ADT was 12.6% (P < 0.001) [13]. 
Cox proportional hazards analyses revealed a statistically significant relationship 
between the number of doses of gonadotropin-releasing hormone (GnRH) that were 
received in the year after diagnosis and the subsequent risk of fracture [13].

16.3  The FRAX Tool

In patients with conditions associated with fragility, such as osteoporosis in patients 
treated with ADT, it is important to estimate the risk of fracture. In order to identify 
the patients who require bone-supportive treatment for osteoporosis, the bone min-
eral density (BMD) is assessed by dual-energy X-ray absorptiometry (DEXA). A 
patient’s standardized scale T-score is determined by comparing their femoral neck 
BMD with that of the young adult population of the same sex. Osteoporosis is diag-
nosed in patients with a T-score of <−2.5 standard deviations (SD). Osteopenia (low 
bone mass) is diagnosed in patients with a score of −1 to −2.5 SDs, while a score 
of −1 SD is considered normal. However, the T-score does not reflect the need for 
preventive treatment to reduce the risk of fracture in patients with osteoporosis [14].

The Fracture Risk Assessment Tool (FRAX) has been developed to evaluate the 
risk of fracture, and likely improves the assessment of the risk of fracture through the 
inclusion of patient characteristics, with or without BMD [15]. The patient character-
istics include age, sex, weight, height, previous fracture, parental fracture, smoking, 
glucocorticoids, rheumatoid arthritis, secondary osteoporosis, alcohol, and BMD 
(https://www.sheffield.ac.uk/FRAX/tool.jsp?locationValue=). The FRAX was used 
to calculate the 10-year probability of hip and major osteoporotic fractures with or 
without BMD.  The probability of fracture is adjusted for patients from different 
countries, including Japanese patients.

16 Complications of ADT for Prostate Cancer: Osteoporosis and the Risk of Fracture
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An early retrospective study reported that the ADT for prostate cancer was 
associated with the increase in >2 risk factors for osteoporosis. These risk factors 
include >70 years of age, Caucasian ancestry, BMI <25, smoking/alcohol intake, 
steroid exposure, and secondary risk factors for osteoporosis (excluding ADT). 
For instance, the risk of sustaining a major fracture increased from 4 to 5.6% 
after the initiation of ADT (P ≤ 0.001), while the risk of hip fracture increased 
from 1.3 to 2.2% (P ≤ 0.001) [16]. However, compliance with the national osteo-
porosis guideline recommendations was found to be very low; DEXA was only 
performed in 9% of cases and calcium supplementation and vitamin D supple-
mentation were only administered to 5% and 3% of patients, respectively [16]. 
Another report indicated the importance of using FRAX to identify patients who 
require treatment to improve bone health. Based on the results of DEXA alone, 
33% of men would need treatment, while the number of men who met the criteria 
for treatment was decreased when the femoral neck T-score was included in the 
FRAX calculation [17]. Without the T-score in the FRAX calculation, the num-
ber of patients who met the criteria for treatment increased in comparison to 
when DEXA was used alone [17]. James et al. reported the comparison of the 
FRAX tool score to the BMD in patients with advanced prostate cancer on ADT 
[18]. When the FRAX was used with the BMD, the number of patients who were 
identified as requiring therapy was higher in comparison to when patients were 
identified based on the T-score alone. Furthermore, they emphasized that the 
T-score may be suboptimal in patients who truly require bone tropic therapy. 
Although age was identified as a profound risk factor for bone fracture, elderly 
patients, specifically patients >80 years of age, do not always require treatment 
because all such patients are found to be at risk of fracture without the evaluation 
of the BMD.

Kawahara et al. assessed the FRAX score in Japanese prostate cancer patients 
who had undergone several types of therapy, including brachytherapy, radical pros-
tatectomy, external beam radiation therapy (EBRT), and hormonal therapy, at a 
single institution [19]. The FRAX score data indicated that the median 10-year 
probability of a major osteoporotic fracture was 7.9%, while the 10-year probability 
of hip fracture was 2.7%. As shown in Fig. 16.1, the EBRT and ADT monotherapy 
groups showed significantly higher FRAX scores in comparison to the brachyther-
apy group (p < 0.001, p < 0.001, respectively). The EBRT and ADT monotherapy 
groups showed higher FRAX scores than both the brachytherapy group (p < 0.001, 
p < 0.001, respectively) and the prostatectomy group (p < 0.05, p < 0.001, respec-
tively). The duration of ADT in the ADT cohort was correlated with the risk of both 
types of fracture (p < 0.001 [R2 = 0.141] and P < 0.001 [R2 = 0.166]), respectively 
(Fig. 16.2a, b). When the risk of fracture was compared between ADT and non-
ADT cohorts, the risks of both types of fracture were increased in the ADT cohort 
in comparison to the non-ADT cohort (p  <  0.001 [R2  =  0.141] and P  <  0.001 
[R2 = 0.166]), respectively. As expected, the duration of ADT was found to influence 
the FRAX score and patients undergoing ADT required additional treatment because 
of bone loss.
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Fig. 16.1 The FRAX score among various prostate cancer therapies. (a) The 10-year risk of 
major osteoporotic. (b) The 10-year risk of hip fracture
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Fig. 16.2 The correlation between FRAX score and duration of ADT. (a) The 10-year risk of 
major osteoporosis. (b) The 10-year risk of hip fracture

16.4  The Prevention of Bone Fracture in Patients  
Undergoing ADT

Denosumab is a human monoclonal antibody that binds to RANKL and which is 
usually used to treat bone metastasis. Denosumab has been known to have the 
potential to increase the BMD, and was shown to increase the BMD of women 
receiving hormonal therapy for breast cancer at multiple skeletal sites [20]. 
Furthermore, the use of denosumab by postmenopausal women increased their 
BMD and reduced their bone turnover marker levels [21, 22]. Smith et al. investi-
gated the effects of denosumab on BMD and fractures in men treated with ADT for 
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prostate cancer [23]. In their randomized phase 3 trial, patients were assigned to 
receive denosumab (60 mg every 6 months) or a placebo. The study showed that the 
BMD of the lumbar spine increased by 5.6% in the denosumab group but decreased 
by 1.0% in the placebo group (P < 0.001), and significant differences between the 
two groups were consistently recognized from 1 month to 36 months. Similarly, the 
significant differences were shown in the BMD of the total hip, femoral neck, and 
distal third of the radius. In association with the increasing BMD of the vertebral 
body, patients treated with denosumab showed a decreased incidence of new verte-
bral fractures at 36 months in comparison to patients treated with placebo (1.5% vs. 
3.9%, P = 0.006).

With regard to bisphosphonates, an oral agent—risedronate—was shown to lead 
to the recovery from bone loss in Japanese patients treated with ADT in a small 
clinical study. The mean percentage of change in the BMD/young adult mean ratio 
in patients treated with risedronate was higher than that of the control group after 
1 year of treatment (2.6 ± 4.5% and −2.8 ± 2.6%, respectively; P = 0.0001) [12]. 
Zoledronic acid therapy was also reported to prevent fracture in men with osteopo-
rosis [24]. In a multicenter, double-blind, placebo-controlled trial, Boonen et  al. 
randomly assigned men with primary or hypogonadism-associated osteoporosis to 
receive zoledronic acid or a placebo at baseline and at 12 months. Concurrently, 
participants received daily calcium and vitamin D supplementation. As a primary 
endpoint, their data revealed that the zoledronic acid group showed a significant 
decrease in new morphometric vertebral fractures in comparison to the placebo 
group at 24 months (1.6% and 4.9%, respectively; relative risk, 0.33; P = 0.002). In 
addition, men who received zoledronic acid showed significantly higher BMD val-
ues and lower bone turnover marker levels than men who received the placebo 
(P < 0.05). Another clinical trial demonstrated the usefulness of zoledronic acid in 
the treatment of glucocorticoid-induced osteoporosis. The 1-year randomized, 
double- blind, non-inferiority study tested the effectiveness of zoledronic acid ver-
sus oral bisphosphonate in the prevention and treatment of glucocorticoid-induced 
osteoporosis [25]. The results indicated that zoledronic acid was non-inferior and 
superior with regard to promoting an increase in the BMD of the lumbar verte-
brae—in both the treatment and prevention of glucocorticoid-induced bone loss. 
Because the long-term use of glucocorticoid has become common, especially in 
patients receiving treatment for castration-resistant prostate cancer (such as abi-
raterone or docetaxel therapy), prevention and treatment using bone-modifying 
agents are very important.

The Japanese Society for Bone Mineral Research investigated the predictors for 
glucocorticoid induced bone fracture in 903 Japanese patients using a Cox hazards 
model. Four risk factors for fracture were identified: aging, dose of glucocorticoid, 
%YAM (Young Adult Mean) level, and prior fracture [26]. The fracture risk was 
proven to increase by 2.4% for each year of age, by 3.8% with a glucocorticoid dose 
of 1 mg/day, and by 3.4 times in patients with a history of fracture, while a BMD 
increase of 1% reduced the FR by 2.1%. Bisphosphonate treatment reduced the FR 
by 52.8% (Table 16.1).
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16.5  The Prevention of Bone Metastasis by  
Bone-Modifying Agents

Bone metastasis is a critical issue for the survival of prostate cancer patients; 
thus, the development of bone metastasis in a nonmetastatic situation represents 
an important turning point for the initiation of systematic treatment in patients 
with metastatic disease. Smith et al. reported the natural history of patients with 
nonmetastatic prostate cancer whose PSA levels increased despite ADT in a 
study that evaluated the effects of zoledronic acid [27]. One-third of the placebo 
patients developed bone metastasis at 2 years and the median bone metastasis-
free survival (BMFS) was 30 months. The baseline PSA level (>10 ng/mL) and 
PSA velocity independently predicted a shorter time to first bone metastasis as 
well as OS and metastasis-free survival. Furthermore, in a randomized, placebo-
controlled, phase trial of men with nonmetastatic CRPC and a high risk of pro-
gression, denosumab significantly improved the BMFS, the time to first bone 
metastasis, and the time to symptomatic bone metastasis [28]. However, deno-
sumab improved neither the OS nor the progression-free survival, while deno-
sumab increased the time to bone metastasis through the PSA doubling time 
(PSADT) [29]. A study of patients with nonmetastatic CRPC revealed that, in 
the placebo group, the cohort with shorter BMFS showed a decreased PSADT 
(<8 months) [29]. Neither denosumab nor zoledronic acid increased the OS of 
patients with nonmetastatic CRPC in comparison to patients who received  
a placebo.

16.6  Bone Management for Prostate Cancer Patients

In prostate cancer, bone management has been focused on aspects such as main-
taining the quality of life (QOL) and the prognosis. Even if patients newly diag-
nosed with prostate cancer have healthy bone situation, their bones will become 
fragile in association with the decrease in BMD during long-term hormonal ther-
apy. Thus, the BMD and FRAX score should be measured at the start of prostate 

Table 16.1 Predictors of the risk of bone fracture: 2014 guidelines of the Japanese Society for 
Bone Mineral Research

Risk factors Hazard ratio 95% CI P-value
Age 1-year increase 1.024 1.008–1.040 0.025
Dose of GCa 1 mg/day increase 1.038 1.024–1.051 <0.0001
Lumbar BMD (%YAM) 1% increase 0.979 0.968–0.991 0.006
Prior fragility fracture yes 3.412 2.409–4.832 <0.0001
BP therapy yes 0.472 0.302–0.738 0.001

GC glucocorticoid, BMD bone mineral density, BP bisphosphonate, CI confidence interval
aConversion of prednisolone (mg/day)
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cancer treatment, as shown in Fig. 16.3. The bone should be evaluated, through 
methods such as the measurement of the BMD or FRAX score, at the start of 
hormonal therapy. Patients with osteopenia should receive the treatments with 
bone-modifying agents such as denosumab or bisphosphonate to prevent osteopo-
rosis. Furthermore, monitoring to detect bone metastasis is very important during 
hormonal therapy because of the considerable association between the progres-
sion to castration-resistant prostate cancer (CRPC) and bone metastasis. Once 
bone metastasis occurs, the physician must take account of the skeletal related 
events (SREs), including pathological fracture, radiotherapy for bone metastasis, 
and surgery for bone and spinal cord compression, which may lead to a reduced 
QOL and an increased risk of death. Under these conditions, bone-modifying 
agents have been used to prevent SRE regardless of their lack of benefit in terms 
of prolonged survival. Radium-223, alpha emitter, selectively targets bone metas-
tases and has been proven to improve overall survival (OS) in CRPC patients with 
bone metastasis [30]. In addition, the combination of radium-223 and denosumab 
may prolong OS in CRPC patients [31]. Such combined multimodality therapies 
that specifically target bone metastasis can improve OS as well as the QOL.

Fig. 16.3 The progression of prostate cancer and bone management
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 Conclusion
Long-term ADT for prostate cancer induces osteoporosis, leading to fragility 
fracture and other types of fracture, particularly in older patients. Clinicians must 
pay attention to bone health and provide specific management for osteoporosis in 
prostate cancer patients. Simultaneously, clinicians must discuss bone manage-
ment with their patients. The evaluation of the conditions of the bone and the 
administration of appropriate supportive and adjuvant therapies are important 
matters in clinical practice.

References

 1. Bolam KA, Galvao DA, Spry N, Newton RU, Taaffe DR. AST-induced bone loss in men with 
prostate cancer: exercise as a potential countermeasure. Prostate Cancer Prostatic Dis. 2012; 
15(4):329–38.

 2. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA. Mortality after all major 
types of osteoporotic fracture in men and women: an observational study. Lancet. 1999; 
353(9156):878–82.

 3. Oefelein MG, Ricchiuti VS, Conrad PW, Goldman H, Bodner D, Resnick MI, Seftel A. Clinical 
predictors of androgen-independent prostate cancer and survival in the prostate-specific anti-
gen era. Urology. 2002;60(1):120–4.

 4. Egerdie B, Saad F.  Bone health in the prostate cancer patient receiving androgen depriva-
tion therapy: a review of present and future management options. Can Urol Assoc J. 2010; 
4(2):129–35.

 5. Boyle WJ, Simonet WS, Lacey DL.  Osteoclast differentiation and activation. Nature. 
2003;423(6937):337–42.

 6. Hofbauer LC, Schoppet M. Clinical implications of the osteoprotegerin/RANKL/RANK system 
for bone and vascular diseases. JAMA. 2004;292(4):490–5.

 7. Higano CS. Androgen-deprivation-therapy-induced fractures in men with nonmetastatic prostate 
cancer: what do we really know? Nat Clin Pract Urol. 2008;5(1):24–34.

 8. Perez EA, Weilbaecher K. Aromatase inhibitors and bone loss. Oncology (Williston Park). 
2006;20(9):1029–39; discussion 1039–40, 1042, 1048

 9. Alibhai SM, Duong-Hua M, Cheung AM, Sutradhar R, Warde P, Fleshner NE, Paszat L.   
Fracture types and risk factors in men with prostate cancer on androgen deprivation therapy:  
a matched cohort study of 19,079 men. J Urol. 2010;184(3):918–23.

 10. Morote J, Morin JP, Orsola A, Abascal JM, Salvador C, Trilla E, Raventos CX, Cecchini L, 
Encabo G, Reventos J.  Prevalence of osteoporosis during long-term androgen deprivation 
therapy in patients with prostate cancer. Urology. 2007;69(3):500–4.

 11. Kiratli BJ, Srinivas S, Perkash I, Terris MK. Progressive decrease in bone density over 10 years 
of androgen deprivation therapy in patients with prostate cancer. Urology. 2001;57(1):127–32.

 12. Izumi K, Mizokami A, Sugimoto K, Narimoto K, Miwa S, Maeda Y, Kadono Y, Takashima M, 
Koh E, Namiki M. Risedronate recovers bone loss in patients with prostate cancer undergoing 
androgen-deprivation therapy. Urology. 2009;73(6):1342–6.

 13. Shahinian VB, Kuo YF, Freeman JL, Goodwin JS. Risk of fracture after androgen deprivation 
for prostate cancer. N Engl J Med. 2005;352(2):154–64.

 14. Seeman E, Bianchi G, Khosla S, Kanis JA, Orwoll E. Bone fragility in men—where are we? 
Osteoporos Int. 2006;17(11):1577–83.

 15. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assessment of fracture 
probability in men and women from the UK. Osteoporos Int. 2008;19(4):385–97.

16 Complications of ADT for Prostate Cancer: Osteoporosis and the Risk of Fracture



150

 16. Dhanapal V, Reeves DJ. Bone health management in prostate cancer patients receiving andro-
gen deprivation therapy. J Oncol Pharm Pract. 2012;18(1):84–90.

 17. Adler RA, Hastings FW, Petkov VI. Treatment thresholds for osteoporosis in men on androgen 
deprivation therapy: T-score versus FRAX. Osteoporos Int. 2010;21(4):647–53.

 18. James H 3rd, Aleksic I, Bienz MN, Pieczonka C, Iannotta P, Albala D, Mariados N, Mouraviev 
V, Saad F. Comparison of fracture risk assessment tool score to bone mineral density for esti-
mating fracture risk in patients with advanced prostate cancer on androgen deprivation therapy. 
Urology. 2014;84(1):164–8.

 19. Kawahara T, Fusayasu S, Izumi K, Yokomizo Y, Ito H, Ito Y, Kurita K, Furuya K, Hasumi H,  
Hayashi N, et al. Bone management in Japanese patients with prostate cancer: hormonal therapy 
leads to an increase in the FRAX score. BMC Urol. 2016;16(1):32.

 20. Ellis GK, Bone HG, Chlebowski R, Paul D, Spadafora S, Smith J, Fan M, Jun S. Randomized 
trial of denosumab in patients receiving adjuvant aromatase inhibitors for nonmetastatic breast 
cancer. J Clin Oncol. 2008;26(30):4875–82.

 21. McClung MR, Lewiecki EM, Cohen SB, Bolognese MA, Woodson GC, Moffett AH, Peacock M,  
Miller PD, Lederman SN, Chesnut CH, et al. Denosumab in postmenopausal women with low 
bone mineral density. N Engl J Med. 2006;354(8):821–31.

 22. Miller PD, Bolognese MA, Lewiecki EM, McClung MR, Ding B, Austin M, Liu Y, San Martin J,  
AMG Bone Loss Study Group. Effect of denosumab on bone density and turnover in post-
menopausal women with low bone mass after long-term continued, discontinued, and restart-
ing of therapy: a randomized blinded phase 2 clinical trial. Bone. 2008;43(2):222–9.

 23. Smith MR, Egerdie B, Hernandez Toriz N, Feldman R, Tammela TL, Saad F, Heracek J, 
Szwedowski M, Ke C, Kupic A, et al. Denosumab in men receiving androgen-deprivation 
therapy for prostate cancer. N Engl J Med. 2009;361(8):745–55.

 24. Boonen S, Reginster JY, Kaufman JM, Lippuner K, Zanchetta J, Langdahl B, Rizzoli R, 
Lipschitz S, Dimai HP, Witvrouw R, et al. Fracture risk and zoledronic acid therapy in men 
with osteoporosis. N Engl J Med. 2012;367(18):1714–23.

 25. Reid DM, Devogelaer JP, Saag K, Roux C, Lau CS, Reginster JY, Papanastasiou P, Ferreira A,  
Hartl F, Fashola T, et al. Zoledronic acid and risedronate in the prevention and treatment 
of glucocorticoid-induced osteoporosis (HORIZON): a multicentre, double-blind, double-
dummy, randomised controlled trial. Lancet. 2009;373(9671):1253–63.

 26. Suzuki Y, Nawata H, Soen S, Fujiwara S, Nakayama H, Tanaka I, Ozono K, Sagawa A, 
Takayanagi R, Tanaka H, et al. Guidelines on the management and treatment of glucocorticoid- 
induced osteoporosis of the Japanese Society for Bone and Mineral Research: 2014 update.  
J Bone Miner Metab. 2014;32(4):337–50.

 27. Smith MR, Kabbinavar F, Saad F, Hussain A, Gittelman MC, Bilhartz DL, Wynne C, Murray 
R, Zinner NR, Schulman C, et al. Natural history of rising serum prostate-specific antigen in 
men with castrate nonmetastatic prostate cancer. J Clin Oncol. 2005;23(13):2918–25.

 28. Smith MR, Saad F, Coleman R, Shore N, Fizazi K, Tombal B, Miller K, Sieber P, Karsh L,  
Damiao R, et  al. Denosumab and bone-metastasis-free survival in men with castration- 
resistant prostate cancer: results of a phase 3, randomised, placebo-controlled trial. Lancet. 
2012;379(9810):39–46.

 29. Smith MR, Saad F, Oudard S, Shore N, Fizazi K, Sieber P, Tombal B, Damiao R, Marx G, 
Miller K, et  al. Denosumab and bone metastasis-free survival in men with nonmetastatic 
castration-resistant prostate cancer: exploratory analyses by baseline prostate-specific antigen 
doubling time. J Clin Oncol. 2013;31(30):3800–6.

 30. Parker C, Nilsson S, Heinrich D, Helle SI, O'Sullivan JM, Fossa SD, Chodacki A, Wiechno P, 
Logue J, Seke M, et al. Alpha emitter radium-223 and survival in metastatic prostate cancer.  
N Engl J Med. 2013;369(3):213–23.

 31. Saad F, Carles J, Gillessen S, Heidenreich A, Heinrich D, Gratt J, Levy J, Miller K, Nilsson S,  
Petrenciuc O, et  al. Radium-223 and concomitant therapies in patients with metastatic 
castration- resistant prostate cancer: an international, early access, open-label, single-arm 
phase 3b trial. Lancet Oncol. 2016;17(9):1306–16.

H. Uemura



151© Springer Nature Singapore Pte Ltd. 2018
Y. Arai, O. Ogawa (eds.), Hormone Therapy and Castration Resistance 
of Prostate Cancer, https://doi.org/10.1007/978-981-10-7013-6_17

K. Mitsuzuka (*) · Y. Arai 
Department of Urology, Tohoku University School of Medicine,  
Sendai, Japan
e-mail: mitsuzuka@uro.med.tohoku.ac.jp

17Metabolic Health for Patients 
with Prostate Cancer During  
Androgen Deprivation Therapy
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Abstract
Androgen deprivation therapy (ADT) continues to be widely used for the treat-
ment of prostate cancer despite the appearance of new-generation androgen 
receptor-targeting drugs after 2000. ADT can alleviate symptoms in patients 
with metastatic prostate cancer and may have a survival benefit in some 
patients, but it causes undesirable changes in lipid and sugar metabolism. 
Moreover, these metabolic changes could be related to new onset or worsening 
of diseases such as diabetes mellitus or cardiovascular disease. Several studies 
examining the influence of ADT in Japanese patients with prostate cancer also 
showed that metabolic changes such as weight gain, dyslipidemia, or fat accu-
mulation can occur as in patients in Western countries. Efforts to decrease 
these unfavorable changes and events are important. First, overuse of ADT for 
localized or elderly prostate cancer patients should be reconsidered. Second, 
intermittent ADT may be beneficial for selected patients who suffer from 
impaired quality of life (QOL) due to continuous ADT. Third, education and 
instruction, such as diet or exercise, to decrease metabolic changes before ini-
tiating ADT are important, because metabolic changes can occur in the early 
ADT period.
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Abbreviations

ADT Androgen deprivation therapy
CT Computed tomography
CVD Cardiovascular disease
GnRH Gonadotropin-releasing hormone
HDL High-density lipoprotein
LDL Low-density lipoprotein
QOL Quality of life

17.1  Metabolic Changes During ADT

17.1.1  Lipid and Glucose Metabolism

Influence of ADT on lipid and glucose metabolisms has been widely well known. 
Previous studies showed a mean increase of 3.2–10.6% in total cholesterol and 3.8–
46.6% in triglycerides [1–10], with the duration of ADT ranging from 24 weeks to 
12 months (Table 17.1). These changes in lipid and glucose levels were noticeable 
in the first 3 or 6 months of ADT (Figs. 17.1 and 17.2) [2, 5–7, 10]. Only one study 
compared the differences in lipid profile according to treatment modality [10]. The 
study showed that there were no significant differences between GnRH agonist 
alone and maximal androgen blockade with bicalutamide, while changes in total 
cholesterol and triglyceride were greater in GnRH agonist alone than in maximal 
androgen blockade. ADT also affects sugar metabolism, and it is associated with 
worsening blood sugar control and incidence of diabetes mellitus [1, 3, 4, 6, 7, 11]. 
Smith et al. reported that ADT decreased insulin sensitivity and increased serum 
insulin levels in patients who received 12 weeks of ADT [4]. These changes in lipid 
and glucose metabolism are related to the risk of type 2 diabetes mellitus. Keating 
et al. conducted an observational study of 37,443 population-based men who were 
diagnosed with local or regional prostate cancer. Of these, 14,597 (39%) were 
treated with ADT. The incidence of diabetes mellitus was 159.4 events per 1000 
person-years for the ADT group and 87.5 events for the no-ADT group (adjusted 
hazard ratio = 1.28) [12].

17.1.2  Metabolic Syndrome

Metabolic changes caused by ADT are associated with the incidence of metabolic 
syndrome. Braga-Basaria et al. found that more than half of the men receiving long- 
term (at least 12 months) ADT had metabolic syndrome compared with one-fifth of 
the men in the control groups [13]. Recently, Bosco et al. performed a meta-analysis 
of metabolic syndrome caused by ADT and showed that ADT significantly increased 
the risk of metabolic syndrome (relative risk = 1.75) [14].
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17.1.3  Body Composition (Sarcopenic Obesity)

Weight gain is one of the major metabolic changes caused by ADT, and it varied 
from 0.6 to 3.8% in previous studies in which the duration of ADT ranged from 3 
to 12  months (Table  17.1) [1–7, 15–18]. Weight increased consistently during 
1 year of ADT, but weight change was not measured beyond 1 year of ADT in most 
studies. Only one study showed weight change over 1 year of ADT [17], and the 
weight in the healthy cohort and prostate cancer patients without ADT was stable 
or slightly decreased during the 3-year study period, but the median weight change 
in patients with prostate cancer treated with ADT was +1.38 kg at 12 months; it 
continued to increase to +2.57 kg at 24 months, and then it decreased to +2.30 kg 

0%

10%

20%

30%

40%

0 3 6 9 12 months

Total cholesterol

LDL cholesterol

HDL cholesterol

Triglyceride

Fig. 17.1 Mean increase in total, low-density lipoprotein (LDL), and high-density lipoprotein 
(HDL) cholesterol and in triglycerides during 1 year of ADT [7]

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

0 3 6 9 12

Fasting blood sugar

Hemoglobin A1c

Fig. 17.2 Mean increase in fasting blood sugar and hemoglobin A1c (HbA1c) during 1 year of 
ADT [7]
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at 36  months. Weight gain was significantly higher in patients younger than 
65 years. Seible et al. examined factors associated with weight gain after 1 year of 
ADT [18]. They found that age <65 years, body mass index <30 kg/m [2], and 
nondiabetic status were risk factors for weight gain on univariate analyses, and that 
age <65 years and body mass index <30 kg/m [2] were independent predictors of 
weight gain on multivariate analysis.

ADT induces not only fat accumulation but also decrease of lean mass. These 
changes in body composition are called “sarcopenic obesity.” Previous studies 
examined decrease of lean mass, while methods of measuring of fat or lean mass 
were different among the studies (Table 17.2) [1, 2, 4–7, 11, 16, 19, 20]. In sev-
eral studies, accumulation of adipose tissue was more noticeable in subcutaneous 
fat than in visceral fat in patients treated with ADT, whereas visceral fat increases 
predominantly compared to subcutaneous fat in usual metabolic syndrome. 
Smith et al. measured the cross-sectional area of subcutaneous and visceral fat by 
CT and showed that subcutaneous fat increased by 11.1%, but intra-abdominal 
fat did not change significantly in patients treated with ADT for 48 weeks [2]. We 
also confirmed this phenomenon in an observational study that measured areas of 
subcutaneous and visceral fat using CT in 88 patients who underwent 1-year 
treatment with ADT. In that study, the median increases in visceral and subcuta-
neous fat were 21.2% and 29.8%, respectively (P  =  0.028) [7]. Cheung et  al. 
reported that ADT increased fat mass, but visceral fat was unchanged after 
12  months of ADT using dual-energy X-ray absorptiometry [11]. Although a 
predominant increase in subcutaneous fat compared to visceral fat was not seen 
in all studies and methods of measuring fat or lean mass were not consistent 
among the studies, the mechanisms of ADT-related obesity might be different 
from those of usual obesity.

Sarcopenia caused by ADT has not been as well studied as weight gain, but sev-
eral studies reported the effect of ADT on lean mass. In 2004, Smith et al. reported 
that the percent lean mass decreased by 3.8% after 1 year of ADT using dual-energy 
X-ray absorptiometry [16]. In another study, they compared changes in thigh mus-
cle area using CT between patients treated with leuprolide and patients treated with 
bicalutamide monotherapy, and they showed that thigh muscle area decreased 2.7% 
in the leuprolide group and 2.2% in the bicalutamide group [19]. Recently, Chang 
et al. studied muscle attenuation in 39 men using CT measurement of the rectus 
femoris, sartorius, and quadriceps muscles. There was a significant decrease in the 
muscle cross-sectional area of the sartorius, quadriceps, and rectus femoris muscles, 
with decreases of 21.8%, 15.4%, and 16.6%, respectively [21]. The skeletal changes 
caused by ADT lead to impairments in physical function or quality of life (QOL). 
Alibhai et al. showed that endurance, upper extremity strength, and physical com-
ponents of QOL were affected within 3 months of starting ADT [22]. Moreover, 
these changes in body compositions due to ADT may be related to increase of risk 
of falls or fractures. Wu et al. reported that the incidence rates of falls were signifi-
cantly higher in patients treated with ADT (13.37 per 1000 person-years) than those 
without ADT (6.44 per 1000 person-years) [23].

K. Mitsuzuka and Y. Arai



157

Ta
bl

e 
17

.2
 

C
ha

ng
es

 in
 b

od
y 

co
m

po
si

tio
n 

by
 a

nd
ro

ge
n 

de
pr

iv
at

io
n 

th
er

ap
y

R
eg

io
n

Y
ea

r
St

ud
y 

de
si

gn

N
o.

 
of

 
pt

s.
In

di
ca

tio
ns

M
et

ho
ds

 o
f 

A
D

T
A

D
T

 
du

ra
tio

n

A
ge

  
(m

ea
n 

or
 

m
ed

ia
n)

M
et

ho
ds

V
is

ce
ra

l  
fa

t

Su
bc

u-
ta

ne
ou

s  
fa

t
L

ea
n 

m
as

s

Sm
ith

 
et

 a
l. 

 
[1

]

U
ni

te
d 

K
in

gd
om

20
01

Pr
os

pe
ct

iv
e

22
N

on
m

et
as

ta
tic

G
nR

H
 a

go
ni

st
  

(2
1)

 
or

ch
ie

ct
om

y 
(1

)

3 
 

m
on

th
s

67
B

io
el

ec
tr

ic
al

 
im

pe
da

nc
e 

an
al

ys
is

+
8.

4%
  

(f
at

 m
as

s)
−

2.
7%

  
(l

ea
n 

 
m

as
s)

Sm
ith

 
et

 a
l. 

 
[2

]

U
ni

te
d 

 
St

at
es

20
02

Pr
os

pe
ct

iv
e

32
N

o 
bo

ne
 

m
et

as
ta

si
s

G
nR

H
  

ag
on

is
ts

 w
ith

 
bi

ca
lu

ta
m

id
e

48
  

w
ee

ks
66

C
T

  
(L

4 
le

ve
l)

−
0.

3%
+1

1.
1%

−
3.

2%
 

(p
ar

as
pi

na
l 

m
us

cl
e)

Sm
ith

 
et

 a
l. 

 
[1

9]

U
ni

te
d 

 
St

at
es

20
04

Pr
os

pe
ct

iv
e

52
N

on
m

et
as

ta
tic

L
eu

pr
ol

id
e 

 
(5

0%
) 

 
B

ic
al

ut
am

id
e 

 
(5

0%
)

12
  

m
on

th
s

52
D

ua
l-

 
en

er
gy

  
X

-r
ay

 
ab

so
rp

tio
m

et
ry

L
eu

pr
ol

id
e 

 
+

11
.2

%
  

(f
at

 m
as

s)
  

B
ic

al
ut

am
id

e 
 

+
6.

4%
 (

fa
t m

as
s)

L
eu

pr
ol

id
e 

−
3.

6%
  

(l
ea

n 
 

m
as

s)
 

B
ic

al
ut

am
id

e 
−

2.
4%

  
(l

ea
n 

 
m

as
s)

L
ee

 e
t a

l. 
[2

0]
U

ni
te

d 
 

St
at

es
20

05
Pr

os
pe

ct
iv

e
65

In
cl

ud
in

g 
pr

ev
io

us
  

A
D

T
 (

35
%

)

G
nR

H
 a

go
ni

st
12

  
m

on
th

s
66

D
ua

l-
 

en
er

gy
  

X
-r

ay
 

ab
so

rp
tio

m
et

ry

+
6.

6%
  

(f
at

 m
as

s)
−

2.
0%

  
(l

ea
n 

 
m

as
s)

Sm
ith

 [
16

]
U

ni
te

d 
 

St
at

es
20

04
Pr

os
pe

ct
iv

e
79

N
on

m
et

as
ta

tic
G

nR
H

 a
go

ni
st

s 
 

or
 o

rc
hi

ec
to

m
y 

w
ith

 o
r 

w
ith

ou
t 

an
tia

nd
ro

ge
n

48
  

w
ee

ks
71

D
ua

l-
 

en
er

gy
  

X
-r

ay
 

ab
so

rp
tio

m
et

ry

+
11

.0
%

  
(f

at
 m

as
s)

−
3.

8%
  

(l
ea

n 
 

m
as

s)

Sm
ith

 
et

 a
l. 

 
[4

]

U
ni

te
d 

St
at

es
20

06
Pr

os
pe

ct
iv

e
25

N
on

m
et

as
ta

tic
G

nR
H

  
ag

on
is

ts
 w

ith
 

bi
ca

lu
ta

m
id

e

12
  

w
ee

ks
68

D
ua

l-
 

en
er

gy
 X

-r
ay

 
ab

so
rp

tio
m

et
ry

+
4.

3%
  

(f
at

 m
as

s
−

1.
4%

  
(l

ea
n 

 
m

as
s)

(c
on
tin

ue
d)

17 Metabolic Changes During ADT



158

Ta
bl

e 
17

.2
 

(c
on

tin
ue

d)

R
eg

io
n

Y
ea

r
St

ud
y 

de
si

gn

N
o.

 
of

 
pt

s.
In

di
ca

tio
ns

M
et

ho
ds

 o
f 

A
D

T
A

D
T

 
du

ra
tio

n

A
ge

  
(m

ea
n 

or
 

m
ed

ia
n)

M
et

ho
ds

V
is

ce
ra

l  
fa

t

Su
bc

u-
ta

ne
ou

s  
fa

t
L

ea
n 

m
as

s

To
ri

m
ot

o 
et

 a
l. 

[5
]

Ja
pa

n
20

11
Pr

os
pe

ct
iv

e
39

A
ny

 s
ta

ge
G

nR
H

 a
go

ni
st

s 
w

ith
 o

r 
w

ith
ou

t 
bi

ca
lu

ta
m

id
e

12
  

m
on

th
s

74
B

io
el

ec
tr

ic
al

 
im

pe
da

nc
e 

an
al

ys
is

+
2.

08
 k

g 
| 

(f
at

 m
as

s)
  

+
17

.2
4 

cm
2   

(v
is

ce
ra

l f
at

)

−
0.

57
 k

g 
(l

ea
n 

 
m

as
s)

H
am

ilt
on

 
et

 a
l. 

[6
]

A
us

tr
al

ia
20

11
Pr

os
pe

ct
iv

e
26

N
on

m
et

as
ta

tic
N

.A
.

12
  

m
on

th
s

71
C

t (
L

4-
5)

+
22

%
+

13
%

D
ua

l-
 

en
er

gy
 X

-r
ay

 
ab

so
rp

tio
m

et
ry

+
14

%
 (

fa
t m

as
s)

−
3-

6%
  

(l
ea

n 
 

m
as

s)

M
its

uz
uk

a 
et

 a
l. 

[7
]

Ja
pa

n
20

16
Pr

os
pe

ct
iv

e
17

7
A

ny
  

st
ag

e
G

nR
H

 a
go

ni
st

s 
w

ith
 o

r 
w

ith
ou

t 
bi

ca
lu

ta
m

id
e

12
  

m
on

th
s

75
C

T
 (

um
bi

lic
al

 
le

ve
l)

+
21

.2
%

+
29

.8
%

−
8.

0%
a  

(p
so

as
 

m
us

cl
e)

C
he

un
g 

et
 a

l. 
 

[1
1]

A
us

tr
al

ia
20

16
Pr

os
pe

ct
iv

e
34

N
on

m
et

as
ta

tic
N

.A
.

12
  

m
on

th
s

68
D

ua
l-

 
en

er
gy

  
X

-r
ay

 
ab

so
rp

tio
m

et
ry

+
3.

5 
kg

 (
fa

t m
as

s)
 

un
ch

an
ge

d 
(v

is
ce

ra
l 

fa
t)

−
1.

49
 k

g 
(l

ea
n 

 
m

as
s)

N
.A

. n
ot

 a
va

ila
bl

e
a D

at
a 

no
t p

ub
lis

he
d

K. Mitsuzuka and Y. Arai



159

17.1.4  Incidence of Cardiovascular Disease

These metabolic changes may lead to cardiovascular events, but the association 
between ADT and cardiovascular disease is controversial. In 2006, Keating et al. 
reported that ADT increased the risks of coronary heart disease, myocardial infarc-
tion, and sudden death in patients >65 years and prostate cancer in 2006 [24]. In 
2010, they again showed that ADT was associated with an increased risk of diabetes 
and cardiovascular disease in men of all ages with prostate cancer in an observa-
tional study of 37,443 population-based men who were diagnosed with local or 
regional prostate cancer in the Veterans Healthcare Administration [12]. In 2013, 
they examined the influence of comorbidities on cardiovascular disease (CVD) risk 
in a population-based observational study of 185,106 US men ≥66 years diagnosed 
with local/regional prostate cancer from 1992 to 2007, including 49.9% of patients 
who were treated with ADT and 50.1% of patients who were treated without ADT 
[25]. Among men with no comorbidities, ADT was associated with an increase in 
the adjusted hazard ratio of myocardial infarction (adjusted hazard ratio = 1.09), 
whereas among patients with comorbidities such as previous myocardial infarction, 
congestive heart failure, peripheral arterial disease, stroke, hypertension, chronic 
obstructive pulmonary disease, and renal disease, CVD risks increased similarly 
regardless of ADT use. Several recent studies also showed relationships between 
CVD risks and comorbidities in patients treated with ADT. In a trial of 206 men 
with localized but unfavorable-risk prostate cancer randomized to radiation therapy 
or to radiation therapy plus 6 months of ADT, cardiac death occurred in 13 patients 
in each treatment group. In those who received ADT, most cardiac deaths occurred 
among those with moderate-to-severe comorbidities [26]. On the other hand, other 
groups did not find an association between ADT and CVD risks. Alibhai et al. per-
formed a matched-cohort study comparing patients aged 66  years or older with 
prostate cancer given continuous ADT for at least 6 months or who underwent bilat-
eral orchiectomy (n = 19,079) with patients with prostate cancer who had never 
received ADT. They showed that, although ADT treatment was associated with an 
increased risk of diabetes mellitus (hazard ratio, 1.16), neither use of ADT nor dura-
tion of ADT treatment was associated with an increased risk of myocardial infarc-
tion or sudden cardiac death [27]. Thus, metabolic changes by ADT were confirmed 
in many previous studies, but whether these changes lead to CVD events has not yet 
been determined, probably due to differences in patient populations, study design, 
or selection bias in men offered ADT among the studies [28]. Interestingly, Jespersen 
et al. reported that ADT increased the risk of myocardial infarction and stroke, but 
orchiectomy did not increase these risks [29]. Gonadotropin-releasing hormone 
(GnRH) agonists might have a direct role on the cardiac receptors regulating cardiac 
contractile function and lead to a dysfunction of this system [30]. Several studies 
reported differences in disease control or adverse effects between agonists and 
antagonists. Albertsen et al. analyzed the six phase III prospective randomized trials 
and concluded that the risk of cardiac events within 1 year of initiating therapy was 
significantly lower for treatments with GnRH antagonists than for treatments with 
GnRH agonists in patients with preexisting CVD [31].
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17.2  Effects of ADT in Japanese Patients

Onozawa et al. investigated the initial therapy of 8291 newly diagnosed prostate 
cancer patients in 2010 who were registered in a Japanese multi-institutional obser-
vation study [32]. ADT was most frequently used as the initial therapy (40.2%) for 
newly diagnosed prostate cancer patients, but information related to ADT-related 
adverse effects is sparse in Japanese patients. Metabolic changes caused by ADT 
were considered to be lower in Japanese patients than in Caucasian patients, possi-
bly because the prevalence of severe obesity or metabolic syndrome is lower in 
Asian countries than in Western countries [33]. However, some Japanese studies 
demonstrated that significant changes in metabolism can occur in Japanese patients. 
Nishiyama et  al. described metabolic changes among 49 Japanese patients who 
received 6 months of ADT in 2005 [3]. In that study, the mean increase in weight 
was 0.8%, and the mean increases in total cholesterol, high-density lipoprotein 
(HDL) cholesterol, triglycerides, and fasting blood sugar were 6.1%, 5.0%, 8.2%, 
and 3.5%, respectively. Torimoto et al. described the effects of ADT on lipid metab-
olism and body composition as measured by bioelectrical impedance analysis 
among 32 Japanese patients who received 1  year of ADT [5]. In that study, the 
weight increase was 1.37 kg, and increases in total cholesterol, low-density lipopro-
tein (LDL), HDL cholesterol, and triglycerides were 4.1%, 14.8%, −3.2%, and 
14.1%, respectively. We recently conducted a prospective observational study that 
examined changes in lipid and glucose metabolism and body composition in 
Japanese patients with prostate cancer [7]. In that study, patients with prostate can-
cer who were hormone naive and scheduled to receive long-term ADT were recruited 
between 2011 and 2013. Of 177 patients who completed 1  year of ADT, mean 
increases in body weight and abdominal circumference were 2.9% and 3.0%, 
respectively. Mean increases in total, LDL, and HDL cholesterol and triglycerides 
were 10.6%, 14.3%, 7.8%, and 16.2%, respectively. Mean increases in fasting blood 
sugar and hemoglobin A1c were 3.9% and 2.7%, respectively. Lipid alterations 
were noted in patients without comorbidities, whereas changes in hemoglobin A1c 
were noted in patients with diabetes mellitus at baseline. These lipid and glucose 
alterations were prominent in the early ADT period. Both visceral and subcutaneous 
fat, as measured by CT, increased by >20%. The increase was significantly greater 
in subcutaneous fat than in visceral fat (P = 0.028). These studies showed that meta-
bolic changes caused by ADT could be similar in Japanese patients and Caucasian 
patients, but the incidence of diabetes mellitus or cardiovascular events in Japanese 
patients may not always be similar to that in Caucasian patients, because the possi-
ble risks of diabetes mellitus or cardiovascular events including insulin sensitivity, 
prevalence of obesity, metabolic syndrome, and diabetes mellitus among the general 
population or genetic status may differ between Japanese and Caucasian popula-
tions [34]. Future studies are expected to clarify whether the incidence of diabetes 
mellitus or CVD risks in Japanese patients treated with ADT are similar to those of 
Caucasian patients.
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17.3  Management of Metabolic Changes During ADT 
(Metabolic Health)

17.3.1  Overuse of ADT

Adverse effects of ADT have been widely recognized by physicians, and now inter-
est regarding the adverse effects of ADT is moving to how we can decrease them. 
The most important issue is to select appropriate patients who really need ADT. As 
previously described, about 40% of Japanese patients with newly diagnosed local-
ized prostate cancer underwent primary ADT [32]. Moreover, the percentage of 
primary ADT in patients >80 years old and with low-risk prostate cancer was 59%. 
Such overuse of ADT for patients who may not need ADT should be reconsidered 
when considering ADT-related adverse effects.

17.3.2  Instruction or Education Before Initiating ADT

Instruction or education for patients treated with ADT is also very important to 
avoid unfavorable metabolic changes or events during ADT. Metabolic changes 
by ADT are noticeable in the early period of ADT, and the Swedish group recently 
showed that the risk of cardiovascular events was highest in the first 6 months 
[35]. Therefore, such instruction or education should be performed before initiat-
ing ADT, especially in patients who have risk factors like diabetes mellitus or 
previous CVD.

17.3.3  Intermittent ADT

Intermittent ADT may have some merits compared to continuous ADT. Calais et al. 
showed that intermittent ADT did not decrease overall survival and caused no clini-
cal impairment of QOL, and patients had better sexual activity and considerable 
economic benefit [36]. Crook et al. assessed overall survival and QOL in patients 
who had PSA recurrence after radiotherapy and received intermittent or continuous 
ADT.  Although median overall survival was not significantly different between 
patients treated with intermittent and continuous ADT, QOL factors including phys-
ical function, fatigue, urinary symptoms, hot flashes, sexual activity, and erections 
improved with intermittent therapy [37]. Recently, Rezaei et al. reported that the 
incidence of metabolic syndrome in patients treated with 12 months of intermittent 
ADT was 14.7%, which was lower than the incidence in previous studies of con-
tinuous ADT [38]. Although no studies have directly compared the effects of inter-
mittent ADT on metabolic changes with those of continuous ADT, intermittent 
ADT could be an option for patients with undesirable metabolic changes or QOL 
impairment with continuous ADT.
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17.3.4  Monitoring or Intervention During ADT

Monitoring or intervention for metabolic changes during ADT is of course essential. 
Routine measurements of weight, laboratory data including lipid or sugar levels, 
blood pressure, and bone density are necessary to avoid unfavorable events. If the 
metabolic changes are significant, instructions including diet or exercise and inter-
vention using medications should be considered. Several studies demonstrated the 
utility of exercise to decrease or prevent the metabolic changes due to ADT. In 2003, 
Segal et al. performed a randomized trial which studied the effects of 12 weeks of 
resistance exercise on ADT-related adverse effects. They showed that resistance 
exercise reduced fatigue, QOL, and muscular fitness in patients treated with ADT 
compared to no-exercise intervention [39]. Recently, Cormie et al. also performed a 
randomized trial to determine if supervised exercise minimizes treatment toxicity 
due to ADT. They showed that a 3-month exercise program prevented gains in fat 
mass, and maintained cardiovascular fitness, muscular strength, lower body func-
tion, or serum cholesterol level compared to usual care [40]. Thus, exercise inter-
vention seems to be effective to reduce adverse effects derived from ADT, but 
exercise type, intensity, frequency, and duration differed among the studies and 
need to be further examined in future studies [41].

 Conclusions
The use of ADT may be expected to continue in the future despite the appearance 
of new-generation androgen receptor-targeting drugs or chemotherapy agents. 
Many existing studies have shown that ADT has non-negligible changes through 
suppressing testosterone almost completely. Prostate cancer has a relatively bet-
ter prognosis than other malignancies, and it also has aspects of chronic disease 
even when metastatic. We physicians need to be conscious with “metabolic 
health,” which means avoiding unfavorable results due to ADT, as well as main-
taining cancer control. Metabolic changes can occur in Japanese patients with 
prostate cancer treated with ADT, but subsequent events such as diabetes melli-
tus or cardiovascular events need to be further investigated. Future studies should 
be planned to elucidate the associations between ADT and such events in 
Japanese patients with prostate cancer.
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Abstract
Bone metastasis in patients with prostate cancer can be screened and followed up 
using bone scintigraphy, and the role of quantitative bone imaging has recently 
become important. The bone scan index (BSI) is defined as the amount (%) of 
bone metastasis to the whole-body bones determined using an artificial neural 
network (ANN). It is currently recognized as a reproducible and practical means 
of quantifying bone metastasis and as an imaging biomarker of bone metastasis. 
This chapter summarizes the principles and application of BSI determined using 
dedicated software (EXINI bone in Europe and North America; BONENAVI in 
Japan), and its advantages and disadvantages. The BSI could serve as a reliable 
marker of disease progression and treatment effects as well as a prognostic indi-
cator. The index can also reflect the effects of new drugs and internal radiation 
therapy on bone metastasis and help in its management.

Keywords
Nuclear imaging · Scintigraphy · Artificial neural network · Quantitation

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-7013-6_18&domain=pdf
mailto:nakajima@med.kanazawa-u.ac.jp


166

Abbreviations

ANN Artificial neural network
BSI Bone scan index
mCRPC Metastatic castration-resistant prostate cancer
MDP Methylenediphosphonate
OS Overall survival
PSA Prostate-specific antigen
ROC Receiver operating characteristics

A biomarker is an objective metric of disease condition and severity and it is derived 
from pathophysiological responses. Biomarkers are therefore convenient to monitor 
therapeutic responses and support decisions regarding subsequent treatment strate-
gies. Although chemical and tumor markers have become quite commonplace, med-
ical imaging modalities have not been applied for these purposes partly due to 
insufficient methods of quantitation. The bone scan index (BSI) is a new imaging 
biomarker for integrating the total amount of bone metastasis in patients with meta-
static castration-resistant prostate cancer (mCRPC) [1].

Bones are the most common sites of metastatic prostate cancer involvement, 
which significantly worsens the quality of life due to skeletal related events such as 
bone pain, pathological fractures, and finally shortening overall survival (OS). Early 
diagnosis of bone metastasis is therefore essential to start appropriate therapy, and 
surrogate markers linked to relevant outcomes are particularly important for a cor-
rect diagnosis and subsequent treatment [2].

18.1  Bone Scintigraphy as First-Line Imaging

The bone scan index (BSI) was developed as a marker of the total amount of bone 
metastasis on whole-body scintigraphic images generated using 99mTc- 
methylenediphosphonate (MDP) [3, 4]. The BSI is now considered as an imaging 
biomarker of the extent of bone metastasis in the whole body.

Since then, planar images and whole-body scintigraphic images continued to be 
the first-line approach to surveying bone metastasis. Single-photon emission com-
puted tomography (SPECT) imaging has also become popular for additional nuclear 
imaging. Whereas X-ray CT and magnetic resonance imaging (MRI) have also 
become prevalent for detecting bone and bone marrow metastasis in clinical practice, 
whole-body imaging using bone scintigraphy remains a convenient choice for 
patients with suspected metastasis [5]. Osteoblastic metastasis is dominant in patients 
with bone metastasis of prostate cancer, and therefore bone scintigraphy can visual-
ize abnormalities as hot spots or as localized accumulation. Based on scintigraphic 
images, the criteria for the exacerbation of metastasis published by the Prostate 
Cancer Clinical Trials Working Group 2 include counting the number of bone 
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metastases, and ≥2 metastatic lesions compared with a previous imaging assessment 
are judged as signs of exacerbation [6]. One idea for expressing the extent of disease 
(EOD) is to count the numbers of hot spots on images [7–9]. Despite the simplicity 
of this method, a more objective quantitative approach is needed for clinical and 
investigative purposes and this is recommended in the EANM practice guidelines for 
bone scintigraphy [5].

18.2  Bone Scan Index

The idea of a BSI was first introduced by investigators at Memorial Sloan-Kettering 
Cancer Center (New York, NY, USA) during 1977 [3]. A Swedish group subse-
quently developed a method of quantitation using an artificial neural network 
(ANN), which resulted in a completely automated method of analyzing whole-
body bone images. The ANN is an artificial intelligence that is learned from the 
expert assessment of bone images collected from large databases accumulated 
from around 1000 studies [10]. The software is now available as EXINI bone 
(EXINI Diagnostics, Lund, Sweden) in Europe and North America and BONENAVI 
software in Japan (FUJIFILM RI Pharma Co. Ltd., Tokyo, Japan) [1, 11]. The abil-
ity to diagnose bone metastasis has been enhanced and adjusted to the Japanese 
practice of bone scintigraphy, with sensitivity and specificity of nearly 90% for 
prostate cancer [12].

Understanding the calculation steps is important to appropriately interpret 
changes in the BSI.

Segmentation of whole-body images: Whole-body bone scintigraphic images are 
fit to a whole-body gender-specific bone template consisting of 12 regions including 
the skull, ribs, vertebrae, pelvis, and extremities.

Detection of hot spots: Potentially abnormal regions are identified based on a 
specific algorithm for detecting hot spots, which incorporates a count threshold as 
well as surrounding structures and physiological distribution.

Standardization of display: Normal bone counts are standardized so that bone 
images are displayed in the same count density format.

Hot-spot quantitation and classification: Hot spots are quantified in all possi-
ble abnormal regions and segments. Features of hot spots include variations in 
their size, shape, intensity, and distribution, and ANN analysis classifies all hot 
areas into high (≥0.5, shown as red) and low (<0.5, shown as blue) probabilities 
of metastasis.

Calculation of BSI: The BSI is an indicator of the total amount of bone metasta-
sis expressed as a ratio (%) of high probability (>0.5) fractions within the sum of all 
bone fractions.

Display format: In the final output page (Fig. 18.1), the three major indices are 
the probability of abnormalities (ANN values; range 0–1), the total ratio (%) of 
bone metastasis to the whole bones (BSI), and the number of hot spots (HS). Serial 
changes in the BSI and the HS number can be displayed as graphs to understand the 
clinical course of bone metastasis in patients.
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18.3  Tips for Using Bone Scan Index

Manual adjustments can be made when a judgment of metastasis by the ANN is 
false. The BSI can be automatically calculated [13], but an operator can change it 
manually if a judgment of metastasis is inappropriate. Although automatic process-
ing usually works well, atypical urinary contamination, active degenerative changes 
in the vertebrae, and traumatic regions for example could be misinterpreted as 
metastasis. Considering that BSI is a marker of the total amount of bone metastasis, 
modifications of all interpretations in a series of studies are impractical, and we 
recommend modification only when artifactual mistakes in judgment are apparent.

Understanding the general relationship between a visual impression of metasta-
sis and BSI values is clinically useful (Fig. 18.2). A BSI of 0% means that bone 
metastasis is unlikely. A BSI of ≥1% usually corresponds to multiple-bone metas-
tases, whereas a BSI of ≥5% indicates multiple hot spots.

18.4  Clinical Applications of Bone Scan Index

18.4.1  Diagnostic Application of BSI

The ability to diagnose bone metastasis is essential for calculating the BSI, although 
the purpose of the BSI is not to decide whether or not a specific hot spot represents 
metastasis. After the initial development of BSI with EXINI bone [10, 14] its 

ANN
Artificial Neural

Network

BSI
Bone Scan
Index (%)

HS number
Number of red

hot spots

9

Low risk
hot spot

High risk
hot spot

0.590.99

Fig. 18.1 Major indices of bone metastasis in artificial neural network analysis

K. Nakajima and L. Edenbrandt



169

diagnostic utility was further validated for BONENAVI software in Japan. Retraining 
based on a database from a single institution resulted in diagnostic sensitivity of 
90% and specificity of 81% [15], and the comparison with EOD as described above 
closely agreed with semiautomated BSI partly modified by radiologists [11]. 
Subsequently, a new ANN database was created based on 1532 patients, among 
whom 451 had prostate cancer. When the finally retrained ANN system was vali-
dated, a diagnostic accuracy with an area under the receiver operating characteris-
tics (ROC) curve (AUC) of 0.93 was achieved for both men and women. The AUC 
in patients with prostate cancer was 0.96, with 94% sensitivity and 89% specificity 
[12]. Regional segmentation was further improved in the current version without the 
loss of diagnostic accuracy [16]. The correlation between the BSI and several meta-
bolic markers is optimal for bone alkaline phosphatase, whereas the correlation with 
prostate-specific antigen (PSA) is only fair [17].

a

BSI 0.2 0.7 5.1 5.5 15.7

b c d e

Fig. 18.2 Relationship between extent of bone metastasis and bone scan index (%). Although 
panels (c) and (d) show similar BSI of ~5, panel (c) shows large pelvic metastasis, and (d) shows 
multiple hot spots in vertebrae, rib, pelvis, and extremities. Total amount of metastasis can be 
expressed more appropriately than simple counting of the number of hot spots in these patients
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Osteonecrosis of the jaw (ONJ) can develop in association with antiresorptive 
agents, most commonly bisphosphonate, and its early detection is important. 
Analysis of the activity in these regions using a manually selected maximum BSI of 
the jaw (BSIJmax) showed that patients with a high BSIJmax (>0.09% for the max-
illa and >0.06% for the mandible) more frequently progressed to more advanced 
stages 3 months later [18].

Preanalytical, analytical, and clinical validations have proceeded to qualify BSI 
as an imaging biomarker. The preanalytical findings showed that BSI is accurate 
and reproducible if bone images are acquired according to established procedural 
guidelines [19]. The analytical validation of BSI based on both simulated bone 
images and studies of actual patients has shown high accuracy and precision from 
low- to high-burden disease [20]. The BSI values and changes in them are therefore 
reproducible and association with clinical endpoints such as survival is reliable.

18.4.2  Assessment of Therapy and Prognosis with BSI

One attractive potential application of BSI is the monitoring of treatment and prog-
nosis (Table 18.1). Several studies have shown that the prognosis of patients can be 
stratified based on the BSI [21]. A study of patients with mCRPC found that a 
doubled BSI resulted in a 1.9-fold increase in risk of death, whereas PSA was not 
prognostic when adjusted for BSI [22]. Although the Gleason score and BSI were 
associated with the survival of patients with high-risk prostate cancer undergoing 
primary hormonal therapy, clinical stage and PSA were not prognostic in another 
study [23]. The OS was similarly longer in patients with mCRPC and a reduced BSI 
than for other patients [24]. These findings indicated that the BSI could play roles in 
predicting outcomes and selecting appropriate treatment strategies.

The BSI can also be applied to evaluate the effect of new anticancer drugs. The 
role of an automated BSI in predicting OS in mCRPC treated with enzalutamide has 
been examined [25]. That study found that a predictive model of changes in %PSA 
combined with changes in BSI had better statistical power than that of changes in 
%PSA alone. Similarly, median survival was significantly better for patients with 
mCRPC treated with abiraterone who had a maximal increase in BSI at follow-up 
of <0.30 than >0.30, and multivariate Cox analysis also associated changes in BSI 
with OS [26]. In addition, after the advent of new internal radiation therapy includ-
ing Xofigo, a radium-223 alpha emitter, therapeutic response could be more effec-
tively analyzed in combination with other chemical and tumor markers [27].

A Japanese multicenter registry of patients with prostate cancer (PROSTAT-BSI: 
Prostate cancer Registry Of STandard hormonal And chemoTherapy using Bone 
Scan Index) started to evaluate the role of BSI during hormonal treatment and che-
motherapy. The role of BSI in the management of patients with prostate cancer will 
be analyzed after a follow-up period of 3 years.

The BSI is a prognostic imaging biomarker of OS, radiographic progression-free 
survival, and symptomatic skeleton-related events. An analysis of bone images from 
a phase 2 clinical trial showed that BSI and changes in BSI during treatment are 
independently associated with OS in men with mCRPC [28]. Images from a phase 
3 trial are currently under evaluation.
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Table 18.1 Bone scan index used in patients with metastatic prostate cancer

Author
BSI 
calculation

Patients or study 
setting (number of 
patients) BSI and prognosis

Reference 
no.

Sabbatini P Memorial 
BSI

Androgen- 
independent prostate 
cancer from 
randomized trial 
(n = 191)

BSI of <1.4%, 1.4–5.1%, 
and >5.1%; median 
survivals of 18.3, 15.5, 
and 8.1 months, 
respectively

J Clin Oncol 
1999 [21]

Meirelles 
GS

Memorial 
BSI

Progressing prostate 
cancer with bone 
metastasis (n = 43)

BSI > 1.27 and <1.27; 
median survival of 14.7 
vs. 28.2 months, 
respectively

Clin Cancer 
Res 2010 
[29]

Dennis ER Memorial 
BSI

mCRPC in 4 clinical 
trials (n = 88)

Doubling in BSI, 1.9-fold 
increase in risk of death; 
change in BSI, 
prognostic at 3 and 6 
months on treatment

J Clin Oncol 
2012 [22]

Ulmert D EXINI bone Prostate cancer cases 
in two large 
population-based 
cohorts (n = 384)

BSI groups of 0, 
0.01–1.00, and >1.00 
correlated prostate cancer 
death

Eur Urol 
2012 [13]

Mitsui Y BONENAVI mCRPC patients with 
taxane-based 
chemotherapy 
(n = 42)

Reduction in BSI 
showing longer overall 
survival

BJU Int 
2012 [24]

Kaboteh R EXINI bone High-risk prostate 
cancer patients 
receiving primary 
hormonal therapy 
(n = 130)

5-year probability of 
survival: 55% for patients 
without metastases, 42% 
for BSI < 1, 31% for 
BSI = 1–5, and 0% for 
BSI > 5

EJNMMI 
Res 2013 
[23]

Kaboteh R EXINI bone Prostate cancer 
patients with 
chemotherapy 
(n = 266)

2-year survival for 
patients with increasing 
and decreasing BSI from 
baseline: 18% and 57%, 
respectively

EJNMMI 
Res 2013 
[30]

Reza M EXINI bone Prostate cancer 
patients at high risk 
during androgen 
deprivation therapy 
(n = 146)

BSI groups of 0, 
0.01–1.00, and >1.00 
correlated prostate cancer 
death

EJNMMI 
Res 2014 
[31]

Armstrong 
AJ

EXINI bone Randomized 
double-blind trial of 
tasquinimod in men 
with mCRPC 
(n = 201)

BSI worsening at 12 
weeks, prognostic for 
progression-free survival

Urol Oncol 
2014 [28]

Uemura K BONENAVI mCRPC treated with 
docetaxel (n = 41)

Patients with a BSI > 1 
showing a significantly 
shorter OS than patients 
with a BSI ≤ 1

BMC 
Cancer 2016 
[32]

(continued)
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 Conclusion
The new imaging biomarker BSI is a quantitative measure of the total amount of 
bone metastasis determined using an artificial intelligence of neural network. 
The BSI could be a surrogate marker of bone metastasis and will be effective for 
the development of new drugs and internal radiation therapy. Because the BSI is 
becoming increasingly popular in clinical applications, appropriate understand-
ing and effective use of a computer-assisted diagnostic and management system 
will be required.
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Abstract
The human genome project has revealed significant interindividual genomic 
variation, including over ten million single-nucleotide polymorphisms (SNP). 
The finding accelerated a large number of studies exploring genes involved in the 
predisposition of various types of cancer. Previous case-control studies or 
genome-wide association studies discovered hundreds of prostate cancer (PC)-
associated genes. Meanwhile, clinical applications of the genetic polymorphisms 
have been investigated. Polymorphisms associated with early-onset aggressive 
phenotypes, prognosis of hormone-sensitive metastatic or castration-resistant 
prostate cancer, and outcomes after specific treatments are expected as useful 
markers, which are of great help in the therapeutic decision making of PC.
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19.1  Introduction

The development of PC is known to be associated with aging, ethnicity, and 
family history, which are explained by inheritable disposition, the so-called 
genetic polymorphisms, as well as environmental factors. After a quarter 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-7013-6_19&domain=pdf
mailto:ntsuchiya@med.id.yamagata-u.ac.jp


176

century into the exploration of PC-related genetic polymorphisms, its extreme 
complexity beyond the initial estimate has become apparent, and the explor-
atory studies continue till date.

Approximately 30% of males aged over 50 years harbor latent prostate cancers, 
only a part of which progresses to clinically significant PC [1]. Most studies dealing 
with PC-related genetic polymorphisms target clinical cancers, so that genetic poly-
morphisms for the risk of progression to clinical PC could be assessed. Considering 
that many latent PCs do not progress to clinical cancers, additional environmental 
and/or genetic factors could affect the development of the clinically significant can-
cer. The clinical stage of PCs could be affected by the initiation and frequency of 
screening. Even in recent years when prostate-specific antigen (PSA) tests are 
widely being conducted, a small, but not negligible, number of men are diagnosed 
with locally advanced or metastatic PC (mPC). The 5-year survival rate of PC 
patients with metastasis at diagnosis is still as low as 30–50% [2–4]. Therefore, to 
explore the genetic polymorphisms specific to mPC, it is important to discriminate 
fatal PCs from others. To accomplish this genetic screening for an aggressive/fatal 
cancer is highly expected.

Prognosis of an advanced or mPC is thought to be influenced by cancer host- 
dependent factors, as well as clinical and biological characteristics of the cancer. As 
per the meta-analytic studies involving several types of cancer, genetic polymor-
phisms, either specific or nonspecific to the treatment targets, have been associated 
with either the treatment outcome or the survival of the patients, although most of the 
results have not been validated [5, 6]. However, polymorphisms identified as risk 
factors for cancer development do not always predict treatment outcome or survival. 
The standard treatment for patients with mPC is a sequential or combined therapy 
with hormonal and chemotherapeutic agents, and the response to each agent differs 
among individuals. The differences in the response to treatment are not explained 
only by the diversity in the characteristics of cancer cells and their surrounding 
micromilieus but also by drug-related polymorphisms that are associated with drug 
disposition and polymorphisms common between the germ cells and cancer cells. 
Thus, genetic polymorphisms that are associated with prognosis in advanced or mPC 
patients may be important genetic markers in devising an effective personalized 
treatment strategy.

19.2  Genetic Polymorphisms Associated with Early Onset 
of PC

The prevalence of diagnosed PC in European-American men under 56 years is less 
than 1%. Because the age at diagnosis may depend on the initial time of PSA screen-
ing, early-onset PC does not necessarily exhibit poor prognosis. In multiple studies, 
however, the effect of risk polymorphisms for early PC was in the same direction as 
for aggressive PC. According to a large cohort study, PC diagnosed under 55 years 
increased from 2.3% in around 1990 to 9.0% in early 2000s, and younger patients 
had a shorter overall survival (OS) and cancer-specific survival (CSS) compared with 
older patients, especially in patients with high-grade and locally advanced cancer [7].
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Several studies assessed the significance of candidate SNPs, for PCs identified by 
genome-wide association study (GWAS), as risk SNPs for overall or early-onset 
PC. Representative studies that investigated genetic polymorphisms associated with 
early-onset (≤60 years) PC are shown in Table 19.1. One study validated five SNPs 
previously reported to be a risk for early-onset PC in a different cohort, and found 
that the association of rs6983561 with earlier time to PC diagnosis was significant 
[8]. Two studies validated whether risk-SNP for overall PC is identical to that in 
early-onset PC. The first study demonstrated that 13 of the 14 SNPs were signifi-
cantly associated with early-onset PC and that a cumulative effect of those SNPs was 
observed, suggesting that those risk-SNPs for PC also have an important role in the 
early-onset PC [9]. The second study demonstrated that rs10993994 at 10q11 has a 
significant association both with the aggressive and early-onset PC [10]. Interestingly, 
rs10993994 is a common risk-SNP validated in both studies for early- onset PC.

Table 19.1 Genetic polymorphisms associated with early-onset (≤60 years old) prostate cancer

Author Year
Country, 
subjects Genetic polymorphisms

Risk allele/
genotype

Odds 
ratio

Kote- 
Jarai, Z

2001 UK, 
<56 years old

GSTP1 105 Ile > Val Ile/Val, Val/Val 1.3, 1.80

Edwards, 
SM

2003 UK, 
<56 years old

BRCA2 Various 
mutations

N/R

Camp, N 2005 USA, 
<60 years old

ELAC2 Combination of 
three haplotypes

2.23

Forrest 
MS

2005 UK, 
<56 years old

AR (CAG)n, SRD5A2 
V > L

≤22 rpts, L/L 1.47

Agalliu, I 2007 USA, 
<55 years old

BRCA2 Protein- 
truncating 
mutations

7.8

Levin, 
AM

2007 USA, FH or 
<56ears old

AMACAR rs3195676 TT/TC 1.72

Levin, 
AM

2008 USA, FH or 
<56 years old

TCF2 rs4430796 A allele 1.40

Camp, N 2009 USA, 
≤60 years old

PRCA rs10993994 N/R 2.20

Hughes, L 2012 USA, 
≤60 years old 
AA

8q24, rs6983561 CC 3.34

Lange EM 2012 USA, 
≤55 years old

rs6983267, rs10993994, 
rs7931342, rs2735839, 
rs5945619

N/R 1.60, 
1.49, 
1.37, 
1.45, 
1.50

Ewing, 
CM

2012 USA, 
≤50 years old

HOXB13 rs138213197 
(G84E)

E allele 9.5

Al Olama, 
AA

2014 USA, 
≤55 years old

PEX14 rs636291 N/R 1.18

Gomez, R 2016 Mexico, 
<60 years old

AR (CAG)n <19 rpts 2.31

N/R not reported, rpts repeats, FH family history, AA African-American
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Meanwhile, some genetic polymorphisms may be involved specifically in the 
early-onset PC. Recent meta-analyses of GWAS identified a SNP rs636291 at 1q35. 
The SNP, located in intron 2 of the PEX14 gene, is in linkage equilibrium to 
rs616488, which was identified as the risk-SNP for breast cancer [11, 12].

19.3  Genetic Polymorphisms Associated 
with Aggressiveness of PC

To find genetic polymorphisms associated with the aggressiveness of PC, two 
approaches are considered. The first approach is to compare germline genome data 
between pathologically aggressive, clinically advanced, PC (or mPC) with indolent 
cancers, and the second approach is to explore genetic polymorphisms associated 
with the recurrence, progression, or survival of PC.  In this chapter, GWAS and 
GWAS replication studies are considered (Table 19.2). An overview of studies con-
ducted to find candidate SNPs, predicting aggressive or fatal PC in men treated with 
definitive treatments or androgen deprivation therapy (ADT), will be dealt later.

Recently, several studies investigated the effect of SNPs, previously reported to be 
associated with a predisposition of PC, on aggressive clinicopathological features, 
disease progression, and survival. Those SNPs are summarized in Table 19.2. With 
regard to the first approach, Gudmundsson et  al. demonstrated that A allele of 
rs721048 at 2p15 was significantly associated with aggressive PC (defined variously 
as Gleason ≥7; T3 or higher; node positive; and/or metastatic disease) [13]. The 8q24 
is a well-known region harboring multiple SNPs identified as risk of PC. Cheng I et al. 
reported a meta-analysis in which SNPs in 8a24 region were compared between 

Table 19.2 Genetic polymorphisms associated with aggressive PCa (GWAS or GWAS replica-
tion study)

Author Year Genetic polymorphisms
Risk allele/
genotype Outcome Odds ratio

Cheng, I 2008 rs10090154, rs16901979, 
rs6983267

T, A, G 
allele

Aggressiveness 1.42, 
1.52, 1.25

Kaeder, AK 2009 rs2735839, rs10993994 G, T Aggressiveness 1.38, 1.10
Cheng, I 2010 rs12621278, rs629242, 

rs9364554, rs4430796, 
rs5945572

G, T, T, A, 
A

Biochemical 
recurrence

2.43, 
1.23, 
1.27, 
1.14, 1.45

FitzGerald, 
LM

2010 rs6497287 C Aggressiveness 1.46

Pomerantz, 
MM

2011 rs2735839, rs7679673 AA, CC CSS 1.92, 1.56

Liu, X 2011 rs17160911 N/R Gleason score N/R
McGuire, 
BB

2012 rs1447295, rs1571801 AA, AA Aggressive 
pathology

2.3, 3.9

CSS cancer-specific survival, N/R not reported
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patients with aggressive PC and controls. In that study, three SNPs, rs10090154, 
rs16901979, and rs6983267, were associated with advanced PC with Gleason score 
≥7, TNM stage >T2c, or PSA >10 ng/mL [14]. Another GWAS study by FitzGerald 
et al. discovered nine SNPs by comparing aggressive PC with controls and validated 
that rs6497287at 15q13 was associated only with aggressive PC—defined as PSA 
level ≥20 ng/mL, regional/distant stage, Gleason score ≥7 (3 + 4), recurrence/pro-
gression event, and/or PC-specific death—but not with less aggressive PC [15]. More 
aggressive PC (Gleason scores ≥4 + 3, or stage ≥T3b, or N+) was also assessed in 
comparison with less aggressive PC. The G allele of rs2735839 in KLK3 gene and T 
allele of rs10993994 in MSMB gene were reported to be risk alleles for more aggres-
sive clinicopathological feature [16]. Liu X et al. performed a fine mapping analysis 
to explore PC aggressiveness loci. They narrowed the 7q22-35 locus down to a 370 kb 
region and found nonsynonymous SNP rs17160911 (Gly339Ala) in KLRG2, which 
had a significant association with Gleason score. In patients with less aggressive PC, 
who are candidates for active surveillance, rs1447295 at 8q24 and rs1571801 at 9q33 
were shown to be a risk for unfavorable pathology with Gleason score ≥7 and/or 
≥pT2b in the prostatectomy specimen [17].

As the second approach, several studies reported risk SNPs related with progres-
sion after definitive treatments for localized PC. Cheng I et al. demonstrated that 
rs12621278, rs629242, rs9364554, rs4430796, and rs5945572 were associated with 
biochemical recurrence after radical prostatectomy or radiotherapy in patients with 
aggressive PC defined as Gleason score of >7, tumor-node-metastasis stage >T2c, 
or as a diagnostic PSA level of >10 ng/mL [15]. PC harboring BRCA1 and BRCA2 
germline mutations are known to be more aggressive. Edwards SM et al. reported 
that BRCA2 germline mutation was an independent prognostic factor of poor over-
all survival and the status of BRCA2 mutation may be useful in identifying the 
patients who need more intense treatment [18].

We should be aware of an ascertainment bias when the risk-SNP possibly exerts 
influence on cancer screening. Pomerantz et al. reported that two SNPs, rs2735839 
at19q13 and rs7679673 at 4q24, were associated with CSS [19]. The rs2735839 is 
located in the intergenic region of KLK2 and KLK3, which codes PSA, and inter-
estingly the risk allele of rs2735839 for CSS was inversely reported as a protective 
allele for PC diagnosis in a previous GWAS study [20]. This SNP may not directly 
lead to the aggressiveness of PC, and an ascertainment bias due to the lower PSA in 
men with a risk allele of rs2735839 is believed to cause a delayed diagnosis which 
could lead to a poor survival.

19.4  Genetic Polymorphisms Associated with Prognosis 
of Metastatic PC at Diagnosis

The median overall survival of patients with newly diagnosed metastatic PC 
treated with conventional hormone therapy ranges from 44 to 54 months. The 
survival time varies among patients and 20–50% of those patients achieve 
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long-term survival beyond 5 years [2, 3]. It has been known that the survival is 
affected by the extent of bone metastasis, visceral metastasis, and other clinico-
pathological factors. The standard treatment for hormone-sensitive mPC has 
been hormone therapy. Recent clinical studies demonstrated the efficacy of early 
chemotherapy with docetaxel, and the treatment strategy for those patients is 
changing from stereotypic treatment to a more personalized treatment. In accor-
dance with this change, more accurate prognostic evaluation and prediction of 
treatment effect in each individual patient are required. Efforts have been made 
to explore genetic polymorphisms, involved in the prognosis of mPC, in order to 
utilize them for better decision making in the selection of treatment options and 
intensity.

Shimbo et al. focused on the CAG repeat polymorphism, which reportedly 
had an association in response to hormone therapy, and demonstrated that D2 
patients with shorter CAG repeat (<23 repeats) had a shorter CSS than those 
with longer CAG repeat (≥23 repeats) [21]. Furthermore, CCS was compared 
between the patients with lower and higher serum testosterone levels (cutoff of 
4.33 ng/mL) at diagnosis. They found that the combination of serum testoster-
one level and CAG repeat length was an independent prognostic factor of stage 
D2 patients. In another study targeting D2 disease, reported by Tsuchiya et al., 
the association between 13 polymorphisms, previously reported to be a risk for 
PC and CSS, was analyzed [22]. Both the long alleles of the two polymor-
phisms, insulin growth factor-I (IGF-I) and cytochrome P450 19 (CYP19), were 
related to worse CSS.

Several studies have demonstrated the association between genetic polymor-
phisms and CSS or OS of D2 disease in subgroup analyses. These studies are listed 
in Table 19.3 [23–28]. Huang et al. genotyped 29 PC-associated SNPs and picked 
up four SNPs most relevant to CSS after ADT, and showed that the number of unfa-
vorable genotypes among those SNPs implicated CSS in patients with or without 
distant metastasis [27]. Similarly, Tsuchiya et  al. retrospectively conducted an 
exploratory study using SNP panel to identify SNPs as prognosticator of mPC [29]. 
They found 14 candidate SNPs in six genes, and the three patients groups stratified 
according to the number of risk genotypes demonstrated significantly separate CSS 
curves.

Recently, Shiota et al. reported the significance of a SRD5A2 polymorphism 
with a possible role as regulator of serum testosterone during ADT in hormone- 
naive mPC [30, 31]. SRD5A2 encodes 5α-reductase type 2, which converts tes-
tosterone into DHT and the GG allele of functional SNP rs523349 is related to 
higher enzymatic activity. The GG allele indicated worst survival in patients with 
mPC, and demonstrated a higher serum testosterone level during ADT than the 
other genotypes. These findings are consistent with the function of the SNP and 
the clinical observation that men with lower testosterone during ADT had a bet-
ter prognosis.
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19.5  Genetic Polymorphisms Associated with Outcome After 
Specific Drug Therapy in Castration-Resistant PC (CRPC)

In an era of precision medicine, it is essential to predict the effect and adverse events 
of a specific treatment. Several specific drugs are used for the treatment of 
PC.  Table  19.4 indicates previously reported genetic polymorphisms associated 
with their outcomes after specific drug therapy in CRPC patients.

Abiraterone acetate (AA) is one of the novel androgen receptor (AR)-targeted 
agents that inhibit cytochrome P450 17 (CYP17), a key enzyme in androgen synthe-
sis. AA blocks the synthetic pathway of DHT from the adrenal gland-derived andro-
gens, the so-called backdoor pathway, and exhibits growth inhibition of 
androgen-dependent PC cells. Phase III studies of AA have demonstrated a signifi-
cant extension of progression-free survival (PFS) and OS in castration-resistant PC 
(CRPC) before and after chemotherapy [32, 33]. A retrospective study demonstrated 

Table 19.3 Genetic polymorphisms associated with prognosis of newly diagnosed metastatic 
PCa

Author Year Analysis
Genetic 
polymorphisms

Risk allele/
genotype Outcome

Hazard 
ratio

Shimbo, M 2004 M AR (CAG)n <23 rpts CSS 3.635 
(combined 
with TS)

Tsuchiya, N 2005 M CYP17 (TTTA)n, 
IGF-1 (CA)n

>3 rpts, >7 
rpts

CSS 2.012, 
1.976

Fukuda, H 2007 S VEGF T-460C C allele CSS 2.463
Narita, N 2008 S OPG T950C T allele CSS 2.157
Wang, W 2009 S Mel-18 A1805G G allele CSS 4.658
Suzuki, M 2011 S rs6983561 (8q24) AA CSS, OS 3.353, 

3.361
Huang, SP 2012 S rs3734444 (BMP5), 

rs3118536 (RXRA), 
rs7986346 (IRS2), 
rs2836370 (ERG)

GG, CA or 
AA, TG or 
GG, TT or 
TC

OS No. of UF 
genotypes
1: 1.94, 2: 
3.90 (vs. 
0)

Tsuchiya, N 2013 M rs2891980 (XRCC4), 
rs256550 (PMS1), 
rs570730 (GATA3), 
rs1295686 (IL-13), 
rs2293554 (CASP8), 
rs2162679 (IGF-1)

GG, AG or 
GG, AG or 
GG, AA or 
AG, AA, 
AG or GG

CSS No. of UF 
genotypes
4–6: 3.06 
(vs. 0–1)

Kanda, S 2013 S rs4775936 (CYP19) GA or AA CSS 1.737
Shiota, M 2015 M rs523349 (SRD5A2) GG PFS, OS 1.72, 1.85

M main analysis, rpts repeats, CSS cancer-specific survival, TS testosterone, S subanalysis, OS 
overall survival, UF unfavorable, PFS progression-free survival
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that rs2486758, which is located in the promoter region of CYP17A1, and shown to 
be a risk-SNP by a meta-analysis [34], was associated with the response to AA and 
biochemical PFS [35]. Meanwhile, other SNPs reported to be associated with a PC 
risk had no association with the outcome of AA treatment [35, 36].

Docetaxel (DTX) is a substrate for cytochrome P450 3A (CYP3A) and DTX 
metabolized in the liver by hepatic CYP3A is excreted into the bile duct system 
through membrane transporters of the ABC family, especially the ATP-binding cas-
sette subfamily B member 1 (ABCB1) and ATP-binding cassette subfamily G mem-
ber 2 (ABCG2). ABCB1 harbors well-known genetic variants such as 1236C > T, 
2677G > T/A, and 3435C > T. Sissung et al. reported that in CRPC patients treated 
with DTX, patients with C-G-C (with reference to 1236-2677-3435) haplotype had 
a significantly longer OS than those with T-T-T haplotype [37]. Hahn et al. assessed 
the survival after treatments with docetaxel-based regimens, docetaxel plus vinorel-
bine, and docetaxel plus estramustine phosphate, in pharmacogenetic analysis [38]. 
Among eight polymorphisms in six taxane-associated genes, A allele of the ABCG2 
C421A polymorphism was predictive for a chance of being alive beyond 15 months 
after the docetaxel-based therapies. Although many studies demonstrated the asso-
ciation of ABCB1 polymorphisms with drug disposition, clinical response, or drug 
toxicity, the clinical significance is limited due to conflicting results and their bio-
logical implications are yet to be determined.

Table 19.4 Genetic polymorphisms associated with outcome after specific drug therapy in CRPC 
patients

Author Year Drug
Genetic 
polymorphisms

Risk allele/
genotype Outcome

Hazard 
ratio

Suzuki, M 2005 Estramustine 
phosphate

COMT 
Val158Met

Val/Met or 
Met/Met

PFS 4.784

Hahn, NM 2006 Docetaxel-based 
regimens

ABCG2 
C421CA

A allele OS 
>15 m

N/A

Sissung, 
TM

2008 Docetaxel ABCB1 1236C-2677G- 
3435C

OS N/A

Pastina, I 2010 Docetaxel CYP1B1 
C4326G

GG PFS, OS N/A

Sissung, 
TM

2011 Docetaxel-based 
regimens

rs2234693, 
rs9340799 
(ERα)

TC or CC, GG PFS N/A

rs700519 
(CYP19)

CT or TT OS

Orlandi, P 2015 Cyclophosphamide VEGF-A 
A-2578C, 
C-634G

CC, CC RR, PFS N/A

Joerger, M 2015 Metformin rs622342 
(OCT1)

C allele RR N/A

Binder, M 2016 Abiraterone acetate rs2486758 
(CYP17A1)

CT or CC PFS 2.22

PFS progression-free survival, OS overall survival, N/A not assessed, RR response rate
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Meanwhile, cytochrome P4501B1 (CYP1B1) is responsible for the interaction 
of docetaxel with microtubules. The G (Val) allele of the functional SNP 4326C > G 
(Leu432Val) is thought to increase the expression and catalytic activity of CYP1B1 
[39]. Pastina I et al. reported that CRPC patients with 432ValVal genotype experi-
enced a lower response rate, shorter PFS, and shorter OS. A strong inhibition of the 
polymerization of microtubules by CYP1B1 estrogen metabolites, and estradiol- 
3,4-quinine originated from 4-OHE2, reduces the anticancer effect of docetaxel, 
which stabilizes tubulin polymerization. Docetaxel also forms the 4-OHE2- 
docetaxel adduct by reacting with estradiol-3,4-quinine [40]. Thus, CYC1B1 poly-
morphism is suggested to influence the clinical response to docetaxel through the 
structural alteration of docetaxel and its interaction with 4-OHE2 [41].

Estramustine phosphate (EMP) is a conjugate of 17β-estradiol and nitrogen mustard 
and is one of the mostly used drugs for CRPC that was used before the novel AR-targeted 
drugs. 17β-Estradiol is hydroxylated by CYP1A1 and sequentially methylated by cat-
echol-O-methyltransferase (COMT) to yield 2-methoxyestradiol, which possesses 
antiproliferative effect on PC. Suzuki et al. investigated the association of COMT poly-
morphism Val158Met, of which Met allele leads to a reduction in the enzymatic activ-
ity and biochemical PFS [42]. They found that EPM-treated patients with the Met 
allele had a significantly shorter PFS compared with those with Val/Val.

With regard to other chemotherapeutic agents that lack convincing evidence, 
some studies demonstrated the association of SNPs with survival in CRPC patients. 
Orlandi et al. genotyped three SNPs in the VEGF-A gene to assess the genetic effect 
on the response to metronomic cyclophosphamide (CTX), celecoxib, and dexa-
methasone, on PFS, and OS after treatment [43]. Among the SNPs, -2578CC geno-
type was associated with a poor response and -634CC genotype was associated with 
both a poor response and shorter PFS. Metformin is used to treat type 2 diabetes 
mellitus and recently came to be known as a possible anticancer drug for PC. A 
mechanism of direct anticancer effect is the activation of adenosine monophosphate- 
activated protein kinase (AMPK) through the inhibition of the mitochondrial elec-
tron transport chain (ETC) [44]. Another mechanism is leading to a downregulation 
of the phosphoinositide-3-kinase (PI3K) axis by lowering systemic insulin levels 
[44]. Joerger et  al. investigated the genetic effect of transporter of metformin, 
organic cation transporter 1 (OCT1), and multidrug and toxin extrusion transporter 
1 (MATE1), and demonstrated that the C allele of rs622342 in the OCT1 gene was 
associated with the response to metformin [45].

19.6  Genetic Polymorphisms Associated with Prognosis 
of CRPC

Continuous hormone therapy is the standard treatment for mPC at diagnosis, but the 
hormone therapy fails in such patients with an average of 2 years. Although recent 
advances in drug therapy prolonged the survival after the failure in the first-line 
treatment, the survival rate remains as short as 22–38 months [46, 47]. Even in the 
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localized PC patients who underwent radical prostatectomy, more than 30% of 
those exhibit a progression to advanced disease [48], following which they were 
subjected to hormone therapy or chemotherapy. Since most of the advanced PC 
patients eventually acquired CRPC, studies have assessed the genetic polymor-
phisms, as well as clinical and pathological factors, for predicting the survival after 
CRPC.

There are few studies investigating the genetic effect on the prognosis of 
CRPC. Zhang et al. examined the effect of 84 SNPs in 14 genes—that are impli-
cated in the risk, OS, or response to ADT—on the survival of CRPC patients [49]. 
Among those SNPs, 11 of 18 SNPs in the JAK2 gene were independently associated 
with OS. JAK2 has been known to be involved in the growth and progression of PC 
through both androgen receptor-dependent and -independent mechanisms, leading 
to an activation of STAT signaling pathway. A multivariate prognostic model for 
predicting survival using two SNPs, rs2149556 and rs4372063, concurrent with age 
and Gleason score, could accurately discriminate good and poor survival of CRPC 
patients [49].

AA was recently shown to induce a somatic mutation in HSD3B1, which encodes 
3β-hydroxysteroid dehydrogenase (3βHSD). 3βHSD is one of the key enzymes 
capable of synthesizing DHT from precursors that are secreted from the adrenal 
gland, which is involved both in the classical and backdoor pathways [50]. 
Meanwhile, HSD3B1 harbors a conspicuous germline SNP 1245 A > C (367 N > T), 
which is the same somatic mutation caused by AA.  Both somatic and germline 
mutations of 1245C stabilize the enzyme by an inhibition of ubiquitination and 
increase metabolic cascade from DHEA to DHT. This SNP or somatic mutation is 
thought to be associated with resistance to drug therapies in CRPC patients [50]. 
One recent study demonstrated that HSD3B1 1245C is associated with shorter PFS, 
as well as metastatic-free survival and OS, in hormone-sensitive PC patients in an 
allele dose-dependent manner [51]. However, the effect of this SNP on CRPC needs 
further evaluation.

19.7  Summary

Numerous studies that explored PC-associated genes, through the GWAS, have con-
tributed to understanding its ethiology. However, issues with respect to the genetic 
predisposition related to the prognosis and therapeutic outcome remain poorly 
explored. The available evidence has several limitations, and therefore validation of 
the results obtained thus far is mandatory for clinical application. A genetic poly-
morphism is a unique marker that is not altered by intrinsic and extrinsic environ-
ments. Genetic markers, along with somatic gene alterations and conventional 
clinicopathological factors, will be of much significance in that management of 
PC—a disease that continues to evolve. In the coming era of precision medicine, 
this approach will be of great help for therapeutic decision making of advanced PC.
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Abstract
There is growing interest in the role of local therapy for the prostate in patients 
with metastatic disease. Several retrospective studies indicated that cytoreduc-
tive therapy for the prostate in addition to androgen deprivation therapy (ADT) 
had better oncological outcomes than ADT alone in patients with newly diag-
nosed metastatic prostate cancer. Others reported the benefit of prior local ther-
apy with curative intention for patients who eventually developed treatment 
failure and subsequently progressed to metastatic disease. When local therapy, 
including radical prostatectomy and prostate radiotherapy, could improve the 
survival and palliate the obstructive symptoms/conditions in patients with newly 
diagnosed metastatic prostate cancer, this treatment option should be offered. 
The concept of local therapy for the prostate in those patients remains controver-
sial, however, and lacks level 1 evidence. Several prospective studies are now 
under way to investigate whether a combination of local therapy and ADT has 
survival benefit when compared to ADT alone. The results from these prospec-
tive studies may propose a new concept in the treatment of newly diagnosed 
metastatic prostate cancer.

Keywords
Local therapy · Cytoreductive therapy · Metastatic prostate cancer · Androgen 
deprivation therapy

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-7013-6_20&domain=pdf
mailto:tsumura@med.kitasato-u.ac.jp


190

Abbreviations

ADT Androgen deprivation therapy
BT Brachytherapy
CSS Cancer-specific survival
EBRT External beam radiation therapy
mCRPC Metastatic castration-resistant prostate cancer
mCSPC Metastatic castration-sensitive prostate cancer
mPCa Metastatic prostate cancer
NSR No surgery or radiation therapy
OS Overall survival
RP Radical prostatectomy
RT Radiotherapy
SEER Surveillance Epidemiology and End Results
TURP Transurethral resection of prostate

20.1  Introduction

Since Huggins found that metastatic prostate cancer (mPCa) responded to androgen 
deprivation therapy (ADT) in the 1940s, surgical or pharmacological castration 
with/without an antiandrogen agent was the standard of care for metastatic 
castration- sensitive prostate cancer (mCSPC) [1]. Once the disease developed into 
metastatic castration-resistant prostate cancer (mCRPC), there were only a few 
drugs that could be expected to prolong the prognosis. The use of these drugs was 
not based on high-level evidence. In the early twenty-first century, the treatment for 
mCRPC began to change as novel agents, including docetaxel [2], abiraterone ace-
tate [3, 4], enzalutamide [5, 6], cabazitaxel [7], radium-223 [8], and sipuleucel-T 
[9], have been shown to prolong overall survival (OS). Although these agents have 
offered new treatment options for patients with mCRPC, their efficacy is limited.

While therapeutic options are increasing for mCRPC, there has been a paradigm 
shift in the treatment of newly diagnosed mPCa. First, the standard of care for those 
patients may change from ADT alone to combined use of ADT and up-front 
docetaxel. Early chemotherapy with docetaxel has been shown to improve the prog-
nosis of patients with newly diagnosed mPCa [10–12]. Second, a role of local ther-
apy for the prostate is being increasingly explored in the setting of newly diagnosed 
mPCa. Although it is controversial whether local therapy in combination with ADT 
for mPCa delays time to CRPC and consequently improves survival, several retro-
spective studies have demonstrated the benefit of local treatment in this setting 
[13–15]. When cytoreductive therapy for the prostate could improve the survival in 
patients with newly diagnosed mPCa, this option should be offered. In addition, 
there are reports that indicated the benefit of prior local therapy with curative inten-
tion for patients who eventually developed treatment failure and subsequently pro-
gressed to mPCa [16].

H. Tsumura et al.



191

In this chapter, we review the relevant literature on the role of local therapy in 
combination with ADT for mPCa. We also describe the therapeutic implications of 
local therapy for the prostate in this setting.

20.2  Rationale for Primary Local Treatment in mPCa

Although curative treatment is almost impossible for various metastatic cancers, 
some studies proved the survival benefit of a combined therapy with primary exci-
sion and systemic therapy for metastatic diseases including ovarian, colorectal, and 
renal cell cancers [17–19]. For example, Mickisch et al. conducted a randomized 
study of metastatic renal carcinoma in which patients received either combined 
treatment of radical nephrectomy and immunotherapy or immunotherapy alone; the 
combined therapy delayed time to progression and improved OS [19].

The mechanisms underlying a survival benefit of cytoreductive therapy for vari-
ous metastatic diseases are not well understood, although there are some possible 
explanations for the benefit of primary therapy [13]. First, cytoreductive therapy for 
a primary lesion could decrease the total tumor burden and allow for an improved 
response to systemic therapy. Second, a primary tumor could be a source of dis-
seminated tumor cells and thus cytoreductive therapy could eliminate the source of 
metastasis [20]. Third, a primary tumor may help to not only disseminate the cancer 
cells but also to prepare the metastatic soil. Thus, therapy directed at the primary 
tumor could delay the formation and the growth of distant metastases [21, 22].

In the setting of newly diagnosed mPCa, there exists no level 1 evidence support-
ing the survival benefit of local therapy in addition to systemic therapy when com-
pared with systemic therapy alone. However, some experimental findings suggested 
the benefit of combined therapy. Kadmon et al. demonstrated the principle of surgi-
cal adjuvant chemotherapy in metastatic rat prostatic tumor [23]. They compared 
treatment efficacy among single-dose chemotherapy, surgical excision of the pri-
mary tumor, or a combination of surgical excision and single-dose chemotherapy. 
Only the combined therapy substantially prolonged survival and produced cures at 
an early metastatic stage.

In the field of radiotherapy (RT), the abscopal effect is observed in some meta-
static cancers, including hepatocellular carcinoma and melanoma [24–26]. The 
abscopal effect is a phenomenon in which local RT at a particular tumor site causes 
a response in a site distant to the irradiated volume. It results in a non-irradiated 
tumor being spontaneously reduced. Lock et al. reported the abscopal effect with 
focal liver RT alone causing regression of distant lung metastasis in a systemic 
treatment-naïve patient with hepatocellular carcinoma [26]. Others demonstrated 
that immune checkpoint inhibition alone or RT alone did not result in an abscopal 
effect. However, a combined fractionated RT with immune checkpoint inhibition 
resulted in an abscopal effect [24, 25].

The mechanism underlying the abscopal effect is not clearly understood. Some 
experimental reports suggested that local RT results in the release of circulating 
tumor antigens and subsequently recruits tumor-specific T lymphocytes and 
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dendritic cells, which seem to play an important role in remission of tumors, and then 
the induced immune response delivers an attack to non-irradiated malignant sites that 
express the same tumor antigens [26, 27]. If these kinds of immune responses actu-
ally occur in clinical practice, it may be one possible explanation for the benefit of 
local RT in mPCa patients. Nesslinger et al. reported on autoantibody responses to 
tumor proteins in patients with nonmetastatic prostate cancer [28]. They revealed the 
development of treatment-associated autoantibody responses in patients undergoing 
neoadjuvant hormone therapy (29.2%), external beam radiation therapy (EBRT) 
(13.8%), brachytherapy (BT) (25%), and radical prostatectomy (RP) (0%). They 
showed that ADT and prostate RT strongly induce antigen-specific immune responses 
when compared with surgery in clinically nonmetastatic diseases. These results sup-
port previous reports that the use of neoadjuvant ADT with prostate RT contributes 
to better OS or cancer-specific survival (CSS) in men with locally advanced or local-
ized unfavorable-risk prostate cancer compared to RT alone [29–31], whereas the 
combined therapy of prostatectomy and neoadjuvant ADT does not contribute to the 
prognosis [32, 33]. While the combination of prostate RT and ADT has shown sur-
vival benefit for patients with nonmetastatic diseases, it is not clear whether this 
combined therapy contributes to better prognosis in those with mPCa. Further 
research is needed to clarify whether prostate RT induces the immune response for 
an attack on non-irradiated metastatic sites and subsequently contributes to better 
prognosis.

20.3  Cytoreductive Therapy for the Prostate in mCSPC

20.3.1  The Role of Transurethral Resection of Prostate (TURP)

Historically, TURP was generally performed to relieve bladder outlet obstruction 
caused by locally advanced prostate cancer. Palliative TURP may be effective to 
relieve the bladder outlet symptoms even if patients have metastatic disease [34]. 
However, the survival benefit of palliative TURP is not clear because long-term 
follow-up studies that assess the oncological outcomes are lacking.

Qin et al. retrospectively investigated the oncological impact of TURP as a cyto-
reductive surgery in patients with newly diagnosed mPCa [35]. All patients (n = 146) 
received complete androgen blockade as the initial systematic therapy. Thirty-nine 
patients underwent TURP for a relief of bladder outlet obstruction, and the others 
(n = 107) were treated with androgen blockade alone. Age, biopsy Gleason Score, 
and prostate-specific antigen at diagnosis were comparable among the two groups. 
Patients in the non-TURP group had a greater risk for CRPC than those in the TURP 
group (52% vs. 33%, P = 0.007). While no statistical significance was found for OS, 
there was a trend towards longer OS in the TURP group (P = 0.071). In addition, all 
patients in the TURP group improved voiding function without serious complica-
tions. Although this study is limited by its retrospective nature, it seems to support 
the concept that cytoreductive surgery results in a better response to systemic ther-
apy and prolongs time to CRPC even in mCSPC patients.
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The potential disadvantage of TURP for mPCa may be a risk of disseminating 
cancer cells due to extravasation of the irrigating medium into the circulation sys-
tem [36]. However, it is still controversial whether the procedure can provoke hema-
togenous spillage of prostate cancer cells and subsequently increase metastatic foci 
in this setting. In addition, TURP is not always safe because it requires anesthesia 
and has a risk of bleeding and total/stress urinary incontinence.

20.3.2  The Role of Prostate RT and Radical Prostatectomy

Tabata et al. retrospectively analyzed the efficacy of prostate RT for patients diag-
nosed with mPCa (M1a-c) using propensity score matching analysis [37]. Among 
the patients, 146 received hormonal therapy without prostate RT (no-RT group) and 
103 received hormonal therapy and prostate RT (RT group). Either EBRT or a com-
bined high-dose-rate BT with EBRT was used for RT for the prostate. Propensity 
score matching identified 104 matched pairs of patients. There were no significant 
differences in baseline characteristics including age, prostate-specific antigen at 
diagnosis, Gleason scores, level of hemoglobin, alkaline phosphatase, and lactase 
dehydrogenase between the two groups. The 3-year OS rates were 50.3% and 91.3% 
in the no-RT and RT group, respectively (P = 0.0062), and the 3-year CSS rates 
were 59.6% and 93.3% (P = 0.0082). These findings suggest that RT for prostate 
prolongs survival even in mPCa patients.

Using the National Cancer Database, Rusthoven et al. retrospectively evaluated 
survival benefit of patients with mPCa treated with ADT with or without prostate 
RT [14]. Patients receiving prostate RT and ADT had significantly longer OS than 
those treated with ADT alone. In addition, survival analyses demonstrated that 
patients with higher dose RT (≥65 Gy; median, 75.6 Gy) had significantly longer 
OS than those with lower dose RT (<65 Gy; median, 40 Gy).

Culp et al. evaluated the survival of patients diagnosed with mPCa (M1a-c) based 
on definitive therapy for the prostate by using the Surveillance Epidemiology and 
End Results (SEER) database (2004–2010) [13]. Patients were divided based on 
definitive treatment for the prostate: RP (n = 245), BT (n = 129), and no surgery or 
RT (NSR, n = 7811). The 5-year OS and predicted CSS were each significantly 
higher in patients undergoing RP (67.4% and 75.8%, respectively) or BT (52.6% 
and 61.3%) compared with NSR patients (22.5% and 48.7%; P < 0.001). RP and BT 
were each independently associated with decreased prostate cancer-specific mortal-
ity (P < 0.01). Gratzke et al. evaluated the role of RP in patients diagnosed with 
mPCa using data from the Munich Cancer Registry (1998–2010) [15]. In this series, 
1464 patients (95%) did not undergo RP and 74 patients (5%) underwent RP. Patients 
undergoing RP showed a 55% 5-year OS rate compared with 21% in those who did 
not (P < 0.01). The data from the Munich Cancer Registry reproduced the results 
from the SEER database. However, these two studies have some limitations because 
there was no information about performance status, comorbidity, use of chemo-
therapy, and extent of bone or visceral metastasis. Although the extent of metastasis 
does not always reflect the prognosis in mPCa, patients with polymetastatic disease 
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usually have poorer prognosis than those with oligometastatic disease [10]. In addi-
tion, 3–5% of selected patients who received definitive treatment for the prostate 
were compared with 95% those who did not [15].

In summary, some retrospective studies showed a survival benefit of cytoreduc-
tive treatment for the prostate in mPCa patients. This definitive therapy for the pros-
tate may have a role in treatment in this setting. However, further prospective studies 
are needed to identify those patients likely to receive a benefit for definitive therapy 
in this setting.

20.4  The Role of Primary Local Therapy for Obstructive 
Uropathy

Local extension of prostate cancer and lymph node metastases causes obstructive 
uropathy and local symptomatic progression. Treatment interventions such as ure-
thral catheterization, indwelling ureteral stent placement, and TURP are needed to 
resolve the urinary retention or hydronephrosis [34]. Obstructive uropathy second-
ary to local progression of prostate cancer is generally considered to be associated 
with reduced OS [38] and apparently decreases the quality of life. If a local therapy 
can effectively prevent mPCa patients from developing an obstructive condition and 
local symptomatic progression, it may have both therapeutic and palliative value.

Several reports evaluated the efficacy of prior local therapy including RP and 
definitive RT for reducing the risk of obstructive uropathy in the setting of subse-
quent development of mPCa. Won et al. evaluated whether local prostate therapy 
gave palliative benefit to patients who eventually developed CRPC [16]. Patients 
were divided into three groups: RP, definitive EBRT, and no local treatment. RP and 
definitive EBRT were conducted with curative intention at the time of clinically 
nonmetastatic condition, and all eligible patients were treated with ADT. The end-
point of the study was the development of local complications including ureteric 
obstruction, bladder outlet obstruction, hematuria, pelvic pain, or prostatitis. 
Patients who received local treatment for the prostate by either RP or definitive 
EBRT had significantly fewer local complications when compared to those who did 
not receive treatment for the prostate. RP showed the most effective palliation effect 
compared to the EBRT and no local treatment groups.

Oefelein retrospectively evaluated the impact of prior local therapy on the devel-
opment of obstructive uropathy [38]. He compared the probability of obstructive 
uropathy between 80 patients undergoing local therapy with salvage ADT and 180 
patients who received primary ADT. Either RP or EBRT (60–72 Gy) was used for 
local therapy at the time of clinically nonmetastatic disease. Of those, skeletal 
metastasis was identified in 110 and lymph node metastasis in 55. The author con-
cluded that patients treated with salvage ADT followed by local therapy had no 
statistically significant risk reduction for the development of obstructive uropathy 
compared with those who received primary ADT alone. However, this study exam-
ined the risk of developing obstructive uropathy only in patients with progression 
who required ADT followed by local therapy. In addition, most bladder neck 
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obstruction was observed in those who received EBRT. A dose of 60–72 Gy might 
not be adequate for local control.

In the setting of stage D1 (TxN+M0), Grimm et al. conducted a retrospective 
study in 82 patients undergoing pelvic lymph node dissection for prostate cancer. 
Thirty-two patients were treated with ADT alone, 50 patients underwent RP, and 42 
of them received ADT as well. They concluded that patients undergoing RP may 
have a possible benefit with regard to the necessity for secondary interventions 
when compared to ADT alone [39]. Schmeller and Lubos conducted a retrospective 
study in a series of 76 consecutive patients who underwent pelvic lymphadenec-
tomy and had pathological stage D1 (T1-3, pN1-2, M0) prostate cancer; 37 patients 
underwent early ADT and 39 underwent combined therapy of RP with immediate 
ADT. They concluded that the combined therapy offered no advantage over ADT 
alone either for curative or palliative intent [40].

Although there exists no clear evidence to support the use of local therapy for the 
prostate to prevent mPCa patients from developing obstructive uropathy, several 
retrospective studies suggest that primary local prostatic treatment reduces the risk 
of obstructive uropathy. The reduced risk is more likely to be observed in patients 
undergoing RP than in those without RP. However, it seems that the dose of RT was 
much lower than that of contemporary doses. In addition, these retrospective obser-
vations may be biased by more advanced diseases assigned to ADT alone [39]. 
Further prospective research is warranted.

20.5  Future Perspectives for Primary Local Therapy 
in mCSPC

Several prospective studies are now under way to determine whether patients pre-
senting mPCa should have primary local therapy in combination with ADT 
(Table 20.1). In addition, we have to identify the best timing and candidates for the 
local therapy in this setting. Should we offer the local therapy for the prostate only 
in patients with obstructive symptoms or in patients who eventually failed to respond 
to primary ADT? Which patients are the best candidates for the local therapy, 
patients with limited metastatic lesions or those with widely metastatic disease? 
Does the local therapy prevent mCSPC patients from developing obstructive uropa-
thy or delay the time to CRPC? Because mPCa is an extremely heterogeneous dis-
ease, well-designed and large clinical trials are needed to answer these questions.

The Systemic Therapy in Advancing or Metastatic Prostate Cancer: Evaluation 
of Drug Efficacy (STAMPEDE) trial was launched to investigate multimodal ther-
apy in the treatment of mPCa. Arm H was newly proposed to investigate whether 
RT for the primary tumor delays metastatic progression and subsequently prolongs 
survival in patients presenting with mPCa (NCT00268476) [41]. Arm H is ADT 
plus RT for the prostate. Nonmetastatic patients and patients who have failed to 
respond to prior local therapy cannot be allocated to Arm H. Only patients with 
newly diagnosed mPCa and no contraindication to RT can be enrolled. As with all 
the existing arms, Arm H will be compared only to the same subset of patients who 
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are allocated to the control arm, hormone therapy alone (Arm A). A relative improve-
ment of 25% in OS is the target. Secondary outcome measures will be toxicity and 
the complications of uncontrolled pelvic disease such as the need for ureteric stents, 
TURP, or colostomy.

A prospective randomized phase 3 study is under way to learn if treatment with 
standard systemic therapy (ADT or bilateral orchiectomy) in combination with RP 
or RT is more effective at controlling prostate cancer than standard systemic therapy 
alone (NCT01751438). Group 1 will continue to receive best systemic therapy. 
Group 2 will receive best systemic therapy in addition to RP or prostate RT. The 
primary endpoint is progression-free survival, defined as the time interval from the 
start of initial best systemic therapy treatment to the date of disease progression or 
death, whichever occurs first.

A UK-based trial, TRoMbone, was launched to investigate the role for treatment of 
the primary tumor in patients with oligometastatic prostate cancer (ISRCTN15704862). 
Participants will be randomly allocated to standard-of-care treatment (ADT with or 

Table 20.1 Prospective randomized clinical trials for the treatment of newly diagnosed mPCa 
with local therapy for the prostate

Identifier Acronym Purpose
Primary 
endpoint

Secondary 
endpoint

Arms 
(intervention)

NCT 
00268476

STAMPEDE Learn if RT for 
the primary 
tumor delays 
metastatic 
progression and 
subsequently 
prolongs 
survival

OS 1. Toxicity 1. RT + ADT
2. Complications 2. ADT alone

ISRCTN 
06890529

HORRAD A randomized 
study about the 
effect on 
survival of ADT 
versus ADT plus 
RT for the 
prostate

Survival 1. bF 1. RT + ADT
2. Quality of life 2. ADT alone

NCT 
01751438

Learn if ADT in 
combination 
with RP or RT is 
more effective 
than ADT alone

PFS 1. Quality of life 1. BST + RP 
or RT

2. Time to CRPC 2. BST alone

ISRCTN 
15704862

TRoMbone Testing RP in 
men with 
prostate cancer 
and 
oligometastases 
to the bone

Feasibility to 
randomization

1. Quality of life 1. RP + SoC
2. Time to CRPC 2. SoC alone

Abbreviations: mPCa metastatic prostate cancer, RT radiotherapy, OS overall survival, ADT andro-
gen deprivation therapy, bF biochemical failure, RP radical prostatectomy, PFS progression-free 
survival, BST best systemic therapy, CRPC castration-resistant prostate cancer, SoC standard of 
care (defined as ADT with or without chemotherapy)
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without chemotherapy) versus standard-of-care treatment plus surgery. Eligible 
patients are <75 years old with newly diagnosed prostate cancer and one to three 
skeletal lesions. TRoMbone trials will assess technical feasibility, safety, and com-
plications of surgery in oligometastatic prostate cancer, and examine ways to 
improve recruitment in this pilot study. Secondary outcome measures will be time 
to CRPC.

 Conclusion

Although some retrospective studies suggested a survival benefit of cytoreduc-
tive treatment for the prostate in mCSPC, the concept of local therapy for the 
prostate in these patients remains controversial and lacks level 1 evidence. 
Neither the European Association of Urology nor the American Urological 
Association guidelines recommend local therapy for the prostate in newly diag-
nosed mPCa for the purpose of prolonged survival. Although there is growing 
interest in the role of local therapy for newly diagnosed mPCa, so far, only up-
front docetaxel with ADT have been prospectively shown to improve the progno-
sis when compared with ADT alone in this setting [11]. Several prospective 
studies are now under way to investigate whether combination of local therapy 
for the prostate and ADT has survival benefit when compared to ADT alone. The 
results from these prospective studies may provide a new avenue for the treat-
ment of newly diagnosed mPCa patients.
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Abstract
Androgen deprivation therapy can induce oxidative stress by increasing reactive 
oxygen species levels and/or decreasing cellular antioxidant capacity, which in 
turn cause genetic and epigenetic effects in prostate cancer. Oxidative stress 
increases androgen receptor (AR) activation through several possible mecha-
nisms, including AR overexpression, AR activation by co-regulators and intra-
cellular signal transduction pathways, mutation of AR and AR-related proteins, 
expression of AR splice variants, de novo androgen synthesis, and changes in 
non-AR signaling. Alterations in AR and non-AR signaling appear to have pro- 
survival and anti-apoptotic effects on prostate cancer cells, resulting in the devel-
opment of castration-resistant prostate cancer. Thus, antioxidant therapy could 
be a promising strategy for the treatment of prostate cancer. Oxidative stress also 
influences the activity of several prostate cancer therapies, such as taxanes, 
radiotherapy, and AR-targeting agents. Taken together, these observations sug-
gest that oxidative stress-induced AR signaling is a critical resistance factor and 
a crucial target for prostate cancer treatment.
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21.1  Introduction

Reactive oxygen species (ROS), which include superoxide (O2
−), hydrogen perox-

ide (H2O2), and hydroxyl radicals (HO•), are produced by the partial reduction of 
oxygen and are generated endogenously mainly during mitochondrial oxidative 
phosphorylation and exogenously predominantly from xenobiotic compounds. 
ROS levels are controlled through the activity of endogenous antioxidant defense 
systems such as superoxide dismutase (SOD), catalase, and peroxiredoxin, as well 
as through exogenous antioxidants such as isoflavones, catechins, carotenes, vita-
mins, and selenium [1]. Oxidative stress occurs when the cellular antioxidant 
defense systems are overwhelmed by an increase in ROS levels or a decrease in the 
antioxidant capacity. Excessive ROS levels lead to damage of macromolecules 
such as DNA, RNA, proteins, and lipids, which is in part rescued by the DNA 
repair system and the thioredoxin and glutathione detoxification systems [2]. 
Damage to DNA can cause genetic aberrations, such as mutations and chromo-
somal rearrangements, while damage to other molecules can affect epigenetic pro-
cesses, largely through dysregulation of proteins containing redox-reactive cysteine 
residues. Oxidation of cysteine produces reactive sulfenic acid (–SOH), which 
forms disulfide bonds with nearby cysteine residues (–S–S–) or undergoes further 
oxidation to sulfinic (–SO2H) or sulfonic (–SO3H) acids. With the exception of –
SO3H formation, each of these redox modifications can be reversed by reducing 
systems [3]. These oxidative modifications of cysteines alter the protein structure 
and function, thereby directly or indirectly affecting a range of events, including 
intracellular signal transduction and gene expression pathways that modulate vari-
ous cellular processes (Fig. 21.1) [4].

Oxidative stress not only plays an important role in prostate carcinogenesis and 
progression of prostate cancer [5–7] but also is involved in the resistance of prostate 
cancer to therapy, especially androgen deprivation therapy (ADT) [1, 7, 8]. ADT, 
which consists of surgical or pharmacological castration or anti-androgen therapy, 
has been commonly used for the treatment of advanced or recurrent prostate cancer 

High

Low

Cell death

Physiological survival

Treatment resistance
Genetic alteration
Epi-genetic
alteration

Oxidative stress

Androgen receptor
signaling Non-androgen
receptor signaling

Fig. 21.1 Relationship between treatment resistance and oxidative stress

M. Shiota



203

since 1941 [9]. Although ADT is initially effective for most prostate cancer patients, 
therapy resistance invariably develops and the disease becomes lethal castration- 
resistant prostate cancer (CRPC). Increasing evidence suggests the existence of 
functional cross talk between oxidative stress and CRPC. Here, we summarize our 
current knowledge in this area.

21.2  Oxidative Stress Induced by ADT in Prostate Cancer

Several experiments in vitro and in vivo have indicated that castration leads to 
oxidative stress by promoting increased ROS production and decreased ROS- 
detoxifying enzyme activity [10–13]. However, there are also several conflicting 
studies showing that androgens can induce oxidative stress [14, 15]. This dis-
crepancy may be due to differences in the physiological and nonphysiological 
conditions in the various studies (Fig. 21.2). For example, Ripple et al. demon-
strated that oxidative stress was decreased or increased by physiological or 
excessive androgen levels, respectively, suggesting that stress can be induced 
nonspecifically under nonphysiological conditions [16]. Several molecular 
mechanisms may be responsible for castration-induced oxidative stress, as shown 
by a reduction in the antioxidant molecules thioredoxin 1, peroxiredoxin 5, and 
SOD2 in rats after castration [11], a reduction in SOD2 in human prostate cancer 
tissue after ADT [10], and upregulation of pro-oxidant nicotinamide adenine 
dinucleotide phosphate oxidases (Noxs) in rat prostate after castration [13]. 
Collectively, these studies suggest that epigenetic alterations in gene expression 
and protein function lead to a redox imbalance and induction of oxidative stress 
in prostate cancer; this is supported by the finding of elevated oxidative stress 
levels in prostate cancer cells and surgically resected prostate cancer tissues [8, 
17]. Thus, ADT-induced oxidative stress can lead to wide-ranging genetic and 
epigenetic alterations in prostate cancer, as described in more depth in the fol-
lowing sections.

Excessive condition

Androgens

Starved condition Physiological condition

Oxidative Stress

High

Low

Fig. 21.2 Dose-response relationship between androgen levels and oxidative stress
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21.3  Effects of Oxidative Stress on AR and Non-AR Signaling

21.3.1  Effects of Oxidative Stress on AR Signaling

In CRPC, AR signaling is aberrantly augmented by the low androgen milieu via a 
number of mechanisms, including AR overexpression, AR activation by co- 
regulators and intracellular signal transduction pathways, mutation of AR and 
AR-related proteins, expression of AR splice variants, and de novo androgen syn-
thesis. Over the last decade, ADT-induced oxidative stress has been shown to influ-
ence AR signaling in prostate cancer. Sharifi et al. showed that suppression of the 
antioxidant enzyme SOD2 and increased ROS production activated AR signaling 
through changes in the expression of genes related to steroid metabolism, nuclear 
receptor co-regulators, and interleukin-6 receptor [7]. We also independently found 
that ROS play a crucial role in AR signaling and the development of CRPC [1, 8]. 
Thus, oxidative stress could contribute to castration resistance through AR reactiva-
tion by several mechanisms.

21.3.1.1  AR Overexpression
AR overexpression is thought to be a major cause of CRPC [18]. Indeed, many 
studies have shown that CRPC progression is associated with increased AR expres-
sion [19–22], which may be attributed to gene amplification, increased transcrip-
tion and translation, and decreased degradation. Among these, transcriptional 
upregulation is a particularly important mechanism of increased AR expression. As 
we summarized previously [1, 18], several transcription factors activated by oxida-
tive stress, including Twist1 [8], YB-1 [23], NF-κB [24], Sp1 [25, 26], Myc [27, 
28], CREB [29], and Foxo3a [30], are also known to regulate AR expression, sug-
gesting that ADT- induced oxidative stress may act through these factors to upregu-
late AR transcription [8].

Many other molecules have also been reported to be involved in regulating AR 
expression. For example, a pathway linked to 12-hydroxyeicosatetraenoic acid and 
leukotriene B4 receptor 2 was shown to increase ROS production and upregulate 
AR expression via the Nox4 pathway [31]. Conversely, treatment with diphenyle-
neiodonium chloride, an antioxidant that inhibits Nox-mediated ROS production, 
reduced AR expression via SREBP-1 [32]. The oxidative stress inducers cadmium 
and zinc chloride increase AR expression in dysplastic prostate glands of rats [33], 
while the synthetic antimicrobial chemical mequindox induces oxidative stress and 
AR overexpression in rat testes [34]. Paradoxically, other inducers of oxidative 
stress, such as a curcumin analog [35] and thymoquinone [36], were reported to 
suppress AR expression. However, these agents may act through non-redox signal-
ing since the effects were poorly suppressed by the antioxidant N-acetyl cysteine 
(NAC), an electrophile that supports the production of a major intracellular antioxi-
dant, glutathione.

Collectively, these data suggest that oxidative stress induced by internal and 
external stimuli induces AR overexpression through stress-induced transcription 
factors and other pathways.
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21.3.1.2  AR Activation by Co-regulators and Intracellular Signal 
Transduction Pathways

The transcriptional activity of AR is modulated by co-regulators [37], several of 
which, including peroxiredoxin, Hsp27, and EGR-1, are activated by oxidative 
stress [1]. We previously showed that cysteine residues in peroxiredoxin are critical 
for its AR co-regulatory function [1], supporting the possibility that ROS-mediated 
modification of AR co-regulators affects AR signaling.

In addition, several intracellular signaling pathways play a role in AR transactiva-
tion. AR function can be augmented by growth factors and cytokines such as insulin-
like growth factor, fibroblast growth factor, epidermal growth factor, and IL-6, as 
well as key components of their downstream signaling pathways, such as mitogen-
activated protein kinase (MAPK), JAK/STAT, protein kinase A, phosphatidylinositol- 
3-kinase (PI3K)/Akt, and protein kinase C, which may itself be activated by oxidative 
stress [1]. In fact, we have shown that the ε isoform of protein kinase C increases AR 
expression through NF-κB signaling and contributes to cellular resistance to castra-
tion [38, 39]. Thus, oxidative stress also influences intracellular signaling pathways 
that interact with transcription factors and co- regulators to modulate AR activity.

21.3.1.3  Mutation of AR-Related Proteins and Generation of AR 
Splice Variants

Mutations in the AR gene have been shown to change the protein’s ligand-binding 
affinity, permitting activation by non-cognate steroids and even by anti-androgen 
agents [6, 40, 41]. Although oxidative stress induces mutations in DNA, it is not yet 
known whether the AR gene is affected [6]. However, mutations in genes related to 
AR signaling, including FASN, CYP11B1, HSD17B4 (androgen metabolism), 
NCOR1, and FOXOA1 (AR cofactors), have been detected in CRPC tissues [42, 
43]. Such mutations, probably induced by oxidative stress, may contribute to the 
development of CRPC through aberrant activation of AR signaling.

Several splice variants of AR exhibit transcriptional activity in the absence of 
androgen and play a key role in promoting CRPC [44–48]. Although possible, a 
relationship between expression of the AR splice variants and oxidative stress has 
not yet been documented. However, we recently reported that the redox-sensitive 
nuclear factor YB-1 [49] and its upstream kinase RSK [50] regulate the expression 
of an AR variant [51], supporting a direct link. Based on these intriguing observa-
tions, further studies of the effects of oxidative stress on mutation of the AR gene 
and expression of AR splice variants are warranted.

21.3.1.4  De Novo Androgen Synthesis
De novo synthesis of androgens in the adrenal glands and prostate tumors has been 
recognized as a potential cause of CRPC [52–54], and this was confirmed by clinical 
trials of abiraterone acetate, an inhibitor of a critical enzyme in androgen biosynthesis, 
cytochrome P17 (CYP17) [55, 56]. H2O2 regulates androgen synthesis in rat Leydig 
cells in a biphasic manner, indicating that physiological levels of oxidative stress pro-
mote steroidogenesis [57]. Nevertheless, there is no direct evidence at present for the 
existence of a relationship between oxidative stress and de novo androgen synthesis.
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21.3.2  Effects of Oxidative Stress on Non-AR Signaling

In addition to AR signaling, numerous non-AR signaling pathways are activated by 
oxidative stress and many have been reported to be involved in the development to 
CRPC through genetic and epigenetic mechanisms. The genotoxic effects of oxida-
tive stress include aberrations such as DNA point mutations and chromosomal rear-
rangements. In fact, genetic alterations in non-AR signaling molecules, such as 
PIK3CA, SPOP, RET, RICTOR, and CTNNB1, have been identified in tissues from 
patients with CRPC [42, 43, 58, 59].

Oxidative stress also causes epigenetic alterations that activate signaling 
independently of the AR [60]. For example, in prostate cancer, oxidative stress 
activates PI3K/Akt [61] and MAPK [62] and elevates the transcriptional activity 
of NF-κB [63], which promotes survival and inhibits apoptosis. However, many 
components of these pathways are also involved in AR signaling and show ele-
vated activity in CRPC cells and tissues, as is the case for PI3K/Akt [64], MAPK 
[65], and NF-κB [66]. Additional non-AR-related mechanisms that contribute to 
the development of CRPC include inflammation, epithelial–mesenchymal tran-
sition, and cancer stem- like characteristics of prostate cancer cells [67]. 
Intriguingly, these phenomena are also affected by oxidative stress, further sup-
porting the multiple mechanisms through which oxidative stress is involved in 
CRPC development.

21.4  Oxidative Stress and the Development of CRPC

As described above, the mutual link between oxidative stress and AR signaling sup-
ports a role for oxidative stress in CRPC development; indeed, there is direct evi-
dence of such a relationship. We chronically exposed LNCaP, an androgen-dependent 
prostate cancer cell line, to oxidative stress to generate H2O2-resistant sublines, and 
found that they expressed increased levels of AR mRNA and protein and exhibited 
a castration-resistant phenotype [8]. Whereas castration-resistant cells normally 
exhibit elevated antioxidant protein levels [70, 71] and ROS-scavenging activity 
[72], overexpression of AR in such cells increases oxidative stress, as indicated by 
higher intracellular ROS levels [68, 69].

A connection between oxidative stress and CRPC is also supported by clinical 
findings. Compared with prostate specimens from patients who had undergone radi-
cal prostatectomy without ADT, prostate cancer tissues obtained from patients post- 
ADT show increased 4-hydroxy-2-nonenal levels, indicative of elevated oxidative 
stress [17]. In addition, a genetic polymorphism in the GSTM3 gene, which encodes 
an antioxidant enzyme glutathione S-transferase, was recently reported to be associ-
ated with increased risk of progression of metastatic prostate cancer to CRPC, 
which was validated in nonmetastatic prostate cancer [69].

Collectively, these experimental and clinical data are consistent with a close link 
between oxidative stress and progression to CRPC.
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21.5  Clinical Implications of Antioxidant Therapy in CRPC

Given the accumulating evidence that oxidative stress contributes to CRPC, it has 
been speculated that antioxidant therapy could have therapeutic effects in prostate 
cancer patients receiving ADT.

Various naturally occurring antioxidative compounds, including isoflavones, 
catechins, carotenes, vitamins, and selenium, have been investigated as possible 
prophylactic agents for prostate carcinogenesis and as therapeutic agents for pros-
tate cancer [73, 74]. Among these compounds, the carotenoid lycopene was shown 
to prevent oxidative damage to proteins, lipids, and DNA. In a preclinical study, 
lycopene suppressed AR activity and had antitumor effects [75]. In clinical stud-
ies, lycopene augmented the therapeutic effects of orchiectomy in advanced pros-
tate cancer patients [76]. A phase II study showed that administration of lycopene 
at 10 mg per day suppressed elevation of prostate-specific antigen (PSA) in 41 
men with prostate cancer [75]. In addition, a case report of a CRPC patient 
described a reduction in serum PSA levels and disease-associated symptoms after 
intake of saw palmetto and lycopene supplements [77]. Although the number of 
patients in these clinical studies was small, the findings support the potential use 
of lycopene combined with castration in the treatment of prostate cancer, includ-
ing CRPC. The antioxidants vitamin E and α-tocopherol have also been reported 
to decrease the risk of prostate cancer mortality, suggesting that they may prevent 
disease progression [78].

In addition to naturally occurring compounds, synthetic antioxidants might also 
be useful for the treatment of prostate cancer. In the TRAMP mouse model of pros-
tate cancer, NAC administration reduced 8-hydroxy-2′-deoxyguanosine, nitrotyro-
sine, and 4-hydroxy-2-nonenal levels in the prostate [79]. In addition, we previously 
showed that NAC reduced AR expression and that NAC plus ADT successfully 
suppressed tumor growth in a mouse xenograft model of prostate cancer [17]. SOD 
mimetics have been shown to reduce oxidative stress, reduce the expression of AR 
and AR splice variants, and have a therapeutic effect in prostate cancer cells [80]. 
Finally, the anti-angiogenic agent endostatin inhibits CRPC growth by augmenting 
antioxidant enzyme activity and suppressing ROS levels [81].

An alternative therapeutic strategy to counter oxidative stress in CRPC is inhibi-
tion of ROS production. In support of this, the Nox inhibitor diphenyleneiodonium 
decreases the viability of prostate cancer cells, including LNCaP cells [82] and 
another Nox inhibitor, apocynin, suppresses prostate cancer cell invasion [83].

These observations highlight several options for antioxidant therapy, including 
natural and synthetic antioxidants and ROS inhibitors. However, a critical obstacle 
for the clinical use of antioxidants is their rapid oxidative degradation under physi-
ological conditions, resulting in poor stability and bioavailability. One potential 
solution to this problem might be to encapsulate the antioxidant compounds in 
nanoparticles that also act as oxygen radical scavengers. For example, it was recently 
reported that curcumin-loaded pH-sensitive redox nanoparticles exert excellent 
antitumor activity in prostate cancer [84].
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21.6  Novel Agents for CRPC and Oxidative Stress

Taxanes such as docetaxel and cabazitaxel, AR-targeting agents such as abiraterone 
acetate and enzalutamide, and the radiopharmaceutical radium-223 all show benefit 
in prolonging progression-free and overall survival and have been approved glob-
ally for use in CRPC [37, 85].

Similar to other cytotoxic anticancer agents, taxanes have been shown to cause 
oxidative stress in cancer cells [86]. Moreover, many molecules implicated in oxi-
dative stress signaling, including PI3K/Akt [87], MAPK [88], and NF-κB [89], and 
their downstream effectors such as Twist1 [90] and YB-1 [91, 92], are all involved 
in the resistance of prostate cancer to taxanes. In addition, the status of TMPRSS2- 
ERG fusion gene caused by inflammation-induced oxidative stress through DNA 
breaks [93] was reported to be associated with the therapeutic effect of taxanes [94, 
95]. Thus, oxidative stress appears to contribute to taxane resistance in prostate 
cancer through various mechanisms.

Radiation is known to induce oxidative stress in prostate cancer [96]; however, this 
is not necessarily beneficial because irradiation-induced oxidative stress can activate 
pro-survival and anti-apoptotic signaling through molecules such as PI3K/Akt [97], 
MAPK [98], and NF-κB [99], resulting in resistance to irradiation. Radium-223 is an 
α particle-emitting isotope [100] and appears to induce oxidative stress in prostate 
cancer cells. Although the therapeutic effect of this isotope may be affected by oxida-
tive stress-induced signaling, there is currently no direct evidence for this.

Little is known about the interaction between oxidative stress and AR-targeting 
agents, including abiraterone acetate and enzalutamide. However, oxidative stress 
levels are increased in enzalutamide-resistant prostate cancer cells established 
in vitro [69], warranting further investigation. Clinical trials have been initiated for 
several additional promising agents, including immune checkpoint inhibitors and 
the poly (ADP-ribose) polymerase inhibitor olaparib. To those agents, biomarkers 
such as the presence of somatic mutations in DNA repair genes and the number of 
missense somatic mutations which may be caused by oxidative stress are postu-
lated, and then oxidative stress may commit to the sensitivity to those emerging 
agents.

21.7  Conclusions and Future Directions

Oxidative stress induced by ADT can activate both AR and non-AR signaling, 
resulting in the acquisition of castration resistance. Treatment-induced oxidative 
stress also appears to be involved in the resistance of prostate cancer to therapy. 
Thus, oxidative stress is a critical resistance factor and a crucial target for prostate 
cancer treatment. Suppression of oxidative stress signaling by antioxidants or inhib-
itors of ROS production may thus be a promising strategy to overcome treatment 
resistance in prostate cancer. However, the relationship between oxidative stress and 
CRPC is a vast and underexplored area of research, and further investigation is war-
ranted. Such studies will undoubtedly lead to some remarkable discoveries.
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Abstract
Androgen deprivation therapy continues to be a mainstream treatment for pros-
tate cancer. Failure after initial hormonal treatment including combined andro-
gen blockade (CAB)/maximum androgen blockade (MAB) does not necessarily 
imply treatment-refractory disease progression. Antiandrogen withdrawal syn-
drome (AWS) is a manifestation of a prostate-specific antigen (PSA) decrease 
with or without subjective or objective symptomatic improvement on discontinu-
ation of the antiandrogen. In general, the incidence of this effect has been 
reported to be 10–30%, and it lasts for 3–5 months. Some patients with progres-
sive disease who have undergone initial CAB/MAB therapy respond to second- 
and third-line hormonal therapy after AWS is recognized. Mutations in the 
androgen receptor (AR) gene are thought to account for this phenomenon by 
enabling the previous antiandrogens to act as receptor agonists. Alternative anti-
androgens probably have different functional interactions with the AR. Alternative 
antiandrogen therapy has been shown to improve symptoms and decrease pain in 
patients with prior antiandrogen therapy. A 50% PSA decrease has been reported 
after second-line treatment with nonsteroidal antiandrogens in 35–50% of cases. 
Responders to second-line hormonal treatment are expected to survive signifi-
cantly longer than nonresponders. Responsiveness to second-line regimens is the 
most important prognostic factor for increased cause-specific and overall 
survival.
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Androgen receptor · Alternative antiandrogen therapy · Antiandrogen withdrawal 
syndrome · Castration-resistant prostate cancer · Combined androgen blockade
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22.1  General

Androgen deprivation therapy (ADT) continues to be a mainstream treatment for 
prostate cancer. Although most patients with prostate cancer respond to ADT ini-
tially, its efficacy is temporary for almost all patients, and they finally develop 
castration- resistant prostate cancer (CRPC) despite castration levels of testosterone 
[1, 2]. CRPC is thought to be mediated through two main overlapping mechanisms, 
androgen-receptor (AR)-independent and AR-dependent [1, 2]. Prostate cancer 
deaths are typically the result of metastatic CRPC, and historically the median sur-
vival for patients with metastatic CRPC has been less than 2 years [2, 3]. The treat-
ment of patients with metastatic CRPC has changed dramatically over the past 
decade.

The addition of oral antiandrogens to luteinizing hormone-releasing hormone 
agonists or surgical castration, an approach termed “combined androgen blockade” 
(CAB) or “maximum androgen blockade” (MAB), has been developed to synergisti-
cally target AR signaling [1–3]. Oral steroidal antiandrogens, such as cyproterone 
acetate and chlormadinone acetate, or nonsteroidal antiandrogens, such as flutamide, 
bicalutamide, and nilutamide, competitively block testosterone and/or dihydrotestos-
terone binding to the AR [1]. CAB/MAB can slightly but significantly improve sur-
vivals in patients with advanced prostate cancer [4]. CAB/MAB using a nonsteroidal 
antiandrogen tends to be superior to that using cyproterone acetate in delaying pro-
gression [1–4]. However, the therapeutic benefit from CAB/MAB is also at best tran-
sient, and inevitably almost all patients ultimately develop CRPC.

In the past, once patients failed primary ADT including CAB/MAB, palliative 
treatments were mainly administered. However, failure after initial hormonal treat-
ment does not necessarily mean treatment-refractory disease progression. 
Antiandrogen withdrawal syndrome (AWS) is a manifestation of a prostate-specific 
antigen (PSA) decrease with or without subjective or objective symptomatic improve-
ment on discontinuation of the antiandrogen flutamide [5]. A PSA decrease has also 
been observed after discontinuing nonsteroidal antiandrogens, such as bicalutamide 
and nilutamide, and after discontinuing steroidal antiandrogens [6–8]. This effect has 
been reported to occur in 10–30% of cases, and it lasts for approximately 3–5 months 
[9]. The precise molecular mechanisms underlying AWS have not been identified, 
but AR mutations or gene amplification of the AR might result in an altered response 
to antiandrogens [10–13]. However, androgen independence does not necessarily 
mean that the tumor is resistant to further hormonal manipulation [6, 10, 11].

Some patients with progressive disease who have undergone initial CAB/MAB 
therapy respond to second- and third-line hormonal therapy after AWS is recog-
nized [6, 14–19]. Mutations in the AR gene are thought to account for this phenom-
enon by enabling the previous antiandrogens to act as receptor agonists [20]. 
Alternative antiandrogens probably have different functional interactions with the 
AR. It has been reported that antiandrogen therapy alters responses to subsequent 
hormonal agents [14, 16]. Alternative antiandrogen therapy has been shown to 
improve symptoms and decrease pain in patients who are resistant to prior antian-
drogen therapy [1, 6, 14–17]. A 50% PSA decrease has been described after 
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second-line treatment with nonsteroidal antiandrogens in 35–50% of cases [1, 6, 
14–19]. Responders to second-line hormonal treatment are expected to survive sig-
nificantly longer than nonresponders. Responsiveness to second-line regimens is 
one of the most important prognostic factors for increased cause-specific survival 
(CSS), as measured from the time of initiation of first-line therapy to the time of 
relapse after first-line therapy [18].

The more recently developed highly active hormonal agents abiraterone and 
enzalutamide have been proven to provide survival benefits to CRPC patients [21–
23]. As a result of the availability of these newer and highly active agents, the clinical 
utility of the vintage drugs, such as flutamide, bicalutamide, and nilutamide, might 
need to be reconsidered. In this chapter, alternative antiandrogen therapy for CRPC 
is described in this new era of treatment for CRPC.

22.2  Antiandrogen Withdrawal Syndrome

AWS, which was first described by Kelly and Scher in 1993, is a phenomenon char-
acterized by tumor regression and a PSA decrease due to interruption of antiandro-
gen or other hormonal treatment [3, 5, 14, 24–26]. The mechanism of AWS suggests 
one possibility for treating patients after androgen-independent progression: muta-
tions of the AR gene and/or its amplification might cause an altered response to 
antiandrogens and the acquisition of agonist properties [12, 13, 27, 28]. Withdrawal 
of antiandrogen stimulation can result in tumor regression and decreased serum 
PSA levels [11, 29]. Androgen independence after first-line antiandrogen therapy 
does not always mean that such tumors are resistant to further hormonal therapy 
[30]. Although AWS was first reported in association with flutamide (previously 
called flutamide withdrawal syndrome), it can occur with other antiandrogens and 
hormonal agents, including bicalutamide, nilutamide, and chlormadinone acetate 
[5, 23–26].

The largest prospective study of patients with AWS enrolled 210 patients whose 
disease progressed on CAB/MAB with bicalutamide, flutamide, or nilutamide 
(SWOG 9426) [31]. PSA level decreases of ≥50% were confirmed in 21% of the 
patients in the SWOG 9426 study, although no radiological responses were reported. 
Moreover, progression-free survival (PFS) of at least 1 year after interruption of 
antiandrogen therapy was confirmed in 19% of patients.

Table 22.1 shows the clinical studies of AWS.  These data demonstrate that 
around 10–30% of patients with AWS had ≥50% PSA decreases from baseline, and 
the median duration of response was 3–5 months. In general, radiological response 
was rare. Inconsistency among radiological and clinical progression and PSA 
decrease was reported, although symptomatic patients can experience relief of their 
symptoms under PSA suppression associated with AWS [32, 33]. The timeframe 
between antiandrogen interruption and PSA response varies, depending on the dif-
ferent half-life of each agent (5.2 h for flutamide and 1 week for bicalutamide). 
Responses can be clarified within the first day after flutamide withdrawal, while 
time periods up to 8 weeks are needed in the patients treated with bicalutamide [34]. 
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Because of the half-life of the antiandrogen, Prostate Cancer Working Group 2 
(PCWG2) recommended documenting progressive disease 4–8 weeks after inter-
rupting antiandrogen treatment before a patient is enrolled in a clinical trial to avoid 
incorrectly attributing benefit from AWS to the investigational agent.

Early retrospective studies suggested the clinical factors associated with 
AWS. Higher levels of baseline alkaline phosphatase and the presence of metastatic 
disease were associated with an increased median duration of PSA response to 
AWS. In the SWOG 9426 trial, researchers reported that the independent predictive 
factor associated with PSA response on multivariate analysis was antiandrogen 
therapy duration of longer than 32 months prior to AWS [31]. Furthermore, PSA- 
only progression on CAB/MAB, a lower baseline PSA, and an increased duration of 
antiandrogen therapy have been reported as predictors of longer PFS [31]. Patients 
with metastatic disease at the start of AWS had shorter median PFS (2 months) than 
those without metastases (7 months) [31].

Enzalutamide, a second-generation nonsteroidal antiandrogen, can inhibit the 
translocation of the AR into the nucleus and is active in the setting of AR amplifica-
tion; it retains antagonistic activity in the presence of previously identified muta-
tions of AR [35]. Very recent preclinical and clinical data suggest the possibility of 
the existence of an enzalutamide withdrawal syndrome (EWS) after discontinuation 
of enzalutamide in the castration-resistant setting, but this effect has only been 
reported in a small number of cases, and no large clinical studies reporting EWS 
have yet been published [36–39]. EWS was observed in 3 of 30 (10%) patients with 
metastatic CRPC after drug cessation, although there were no significant predictors 
of a PSA decrease after enzalutamide discontinuation [39]. Investigations of AWS 
with enzalutamide treatment should consider the long half-life of enzalutamide 
(5.9 days) compared with flutamide (5.2 h) when clinicians monitor patients for a 
withdrawal response [26].

Table 22.1 Clinical studies of antiandrogen withdrawal syndrome

Study group

Number 
of 
enrolled 
patients

Definition 
of PSA 
decrease 
(%)

First-line 
antiandrogen

Second-line 
antiandrogen

Response 
rate (%)

Duration 
of 
response 
(months)

Scher et al. 
[14]

35 ≥50 FLT No 29 5

Dupont et al. 
[26]

40 ≥50 FLT No 75 14.5

Herrada et al. 
[32]

41 ≥50 FLT No 28 3

Schellhammer  
et al. [34]

22 ≥50 BCL, FLT No 36 No data

Small et al. 
[33]

132 ≥50 BCL, Flt, 
NLT

No 11 5.9

Sartor et al. 
[31]

210 ≥50 BCL, Flt, 
NLT

No 21 3

BCL bicalutamide, FLT flutamide, NLT nilutamide, PSA prostate-specific antigen
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22.3  Alternative Antiandrogen Therapy

The rationale and molecular mechanism of alternative antiandrogen therapy are 
closely related to AWS. A structurally different antiandrogen can maintain activity 
in the presence of a mutant AR that changes the ligand specificity of the AR 
(Fig. 22.1). The mutation of AR codon 741 in the ligand binding domain for bicalu-
tamide stimulates LNCaP cell lines, and in such circumstances, bicalutamide works 
as an agonist rather than as an antagonist [40]. Importantly, hydroxyflutamide works 
as an antagonist for these mutant ARs. Flutamide suppresses adrenal androgens, 
whereas bicalutamide does not [41]. Bicalutamide also suppresses AR pathways via 
the protein kinase A pathway more than flutamide [42]. Combined with the clinical 
studies, these preclinical observations suggest that bicalutamide and flutamide are 
not completely cross-resistant.

Table 22.2 shows several retrospective studies of the clinical usefulness of alter-
native antiandrogen therapy for disease progression. As a whole, these studies 
showed a PSA response rate, defined as ≥50% decrease, ranging from about 35 to 
50% and a duration of response from 6.6 to 13.4  months. We organized the 
Nonsteroidal Antiandrogen Sequential Alternation for Prostate Cancer (NASA-PC) 
study group and reported a response duration of 6.6 months after switching from 
bicalutamide to flutamide or from flutamide to bicalutamide in the largest of these 
studies [16–18, 30, 43–46]. Change from a steroidal to a nonsteroidal antiandrogen 
has consistently been shown to be more effective than change in the opposite direc-
tion, which potentially represents the higher activity of nonsteroidal antiandrogens 
[17, 18, 43, 44]. Thus, clinicians should pay attention to the usage of steroidal anti-
androgens as second-line antiandrogens.

ARE

AR
T

(A) Normal AR

(B) AR mutation (codon 877)

(C) AR mutation (codon 741)

ARE ARE
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T AR
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T

ARE

ARm
T
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FT ARm

B
T

ARE

ARm
T

ARE ARE
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F
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Fig. 22.1 The activity of different antiandrogens in the presence of a mutant androgen receptor. 
AR androgen receptor, ARE androgen response element, ARm AR with mutation, B bicalutamide, 
F flutamide, T dihydrotestosterone
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In the NASA-PC study group, we reported that, consistent with the PSA response 
to second-line therapy, not only the patients with PSA decreases of ≥50%, but also 
patients with PSA decreases from 0 to 50% showed significantly better cause- 
specific survival (CSS) than nonresponders [18]. Moreover, a recent study reported 
that a PSA decrease following alternative antiandrogen therapy was an independent 
predictor of CSS and overall survival. This suggests that the PSA response to alter-
native antiandrogens is one of the most important prognostic factors for increased 
survival in patients with CRPC. The response to second-line therapy was the most 
important factor, followed by response to first-line therapy, AWS, and Gleason score 
(≤7 vs. ≥8), indicating the potential predictive value of responsiveness to second- 
line therapies in the NASA-PC study [18].

Recently, we developed a novel nomogram to predict a PSA decrease of ≥50% 
in response to alternative nonsteroidal antiandrogen therapy [19]. We incorporated 
five independent risk factors (initial serum PSA level, hemoglobin, C-reactive pro-
tein, PSA nadir to second hormone therapy, and Gleason sum) into this nomogram. 
Clinicians can use the nomogram to select the further therapies followed by 

Table 22.2 Clinical studies of alternative antiandrogen therapy

Study group

Number of 
enrolled 
patients

First-line 
antiandrogen

Second-line 
antiandrogen

Total 
response 
rate (%)

Duration 
of response 
(months)

Joyce et al. [16] 14 FLT BCA 42.9 No data
Kojima et al. [17] 40 CMA (n = 22) FLT (n = 6) 37.9 8.8

BCL (n = 16)
FLT (n = 8) CMA (n = 5)

BCL (n = 17)
BCL (n = 10) FLT (n = 10)

Okihara et al. [43] 59 CMA (n = 6) FLT (n = 3) 44.1 No data
BCL (n = 3)

FLT (n = 22) CMA (n = 5)
BCL (n = 17)

BCL (n = 31) FLT (n = 29)
CMA (n = 2)

Suzuki et al. [18] 232 BCL (n = 193) FLT (n = 193) 35.8 6.6
FLT (n = 39) BCL (n = 39)

Okegawa et al. [44] 112 BCL (n = 82) FLT (n = 79) 35.7 No data
CMA (n = 2)

FLT (n = 22) BCL (n = 20)
CMA (n = 2)

CMA (n = 8) BCL (n = 6)
FLT (n = 2)

Choi et al. [45] 47 BCL or CA CA or BCL 48.9 13.4
Momozono et al. [30] 231 BCA FLT 37.9 No data

BCL bicalutamide, CA cyproterone acetate, CMA chlormadinone acetate, FLT flutamide
Total response rate is defined as ≥50% or greater decrease of PSA after alternative antiandrogen 
therapy
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first-line CAB/MAB and/or early treatment with new generation hormonal therapy 
or chemotherapy, because patients who do not respond to second-line therapy 
showed the worst survival. In general, a further antiandrogen switch (third-line anti-
androgen) is much less effective than an early switch, with a response rate of 
13–29% in our and other studies [17, 18, 43]. However, third-line CAB/MAB was 
effective in 80% of second-line responders [17].

Unfortunately, resistance to new generation hormonal agents inevitably occurs. 
Some researchers reported a novel mutation of AR codon 876 that specifically con-
fers resistance to enzalutamide by rendering it agonist [47, 48]. Interestingly, 
enzalutamide-resistant models that have the mutation of AR codon 876 maintain 
sensitivity to bicalutamide [47, 48].

EAU-ESTRO-SIOG guidelines recommend that clinicians should interrupt anti-
androgen therapy once PSA progression occurs and observe AWS for 4–6 weeks 
after discontinuation of flutamide or bicalutamide as evidence level 2a and recom-
mendation grade A [49]. However, according to recent guidelines on CRPC, alter-
native antiandrogen therapy was excluded as a treatment option for patients with 
CRPC [2, 49, 50]. On the other hand, the consensus of opinion from panel member 
experts in the St Gallen Advanced Prostate Cancer Consensus Conference shows 
that vintage hormonal agents, such as flutamide and bicalutamide, can be used for 
patients with CRPC who cannot undergo treatment with new generation hormonal 
agents for economic reasons [51].

In conclusion, treatment decisions need to be individualized based on clinical and 
social characteristics and to maximize the efficacy of ADT with the use of even more 
effective agents. AWS and alternative antiandrogen therapy for CRPC can still be a 
treatment option for some patients with CRPC who may benefit. Clinicians should 
take the benefits into account and treat patients with CRPC in clinical practice.
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Abstract
Abiraterone and enzalutamide are novel hormonal treatments for castration- 
resistant prostate cancer that have been demonstrated to improve overall sur-
vival. Although their mechanisms are different, the clinical efficacy of these 
drugs appears very similar. Elucidating an appropriate treatment sequence of 
these therapies is important for maximizing the clinical benefit of castration- 
resistant prostate cancer patients. Currently, there is a trend to use these novel 
hormonal therapies before chemotherapy because of better tolerability, espe-
cially for the patients with long duration to resistance to first-line androgen depri-
vation therapy. Recent reports have shown that the abiraterone-to-enzalutamide 
sequence might have more favorable efficacy in terms of combined prostate- 
specific antigen progression-free survival than the enzalutamide-to- abiraterone 
sequence. However, there was no significant difference in overall survival. Based 
on these studies, the optimal sequence of these novel hormonal therapies is  
discussed.

Keywords
Abiraterone · Enzalutamide · Sequence

23.1  Introduction

Recently, there has recently been a rapid increase in the number of effective sys-
temic agents for castration-resistant prostate cancer (CRPC), including novel hor-
monal therapies. Abiraterone (ABI) and enzalutamide (ENZ) are novel hormonal 
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treatments for CRPC that have been reported to improve overall survival [1, 2]. ABI 
is a CYP17 inhibitor, and ENZ is a novel antiandrogen that targets multiple steps in 
the AR signaling pathway. Although their mechanisms are different, the clinical 
efficacies of these drugs are similar. Elucidating an appropriate treatment sequence 
of these therapies is important for maximizing clinical benefit of CRPC patients.

23.2  Abiraterone and Enzalutamide

The discovery that prostate cancers remain dependent upon AR-mediated signaling 
for their growth and survival has opened the door to the development of several 
targeted agents [3]. ABI is a potential inhibitor of CYP17, an enzyme essential for 
androgen synthesis. Improved OS has been demonstrated with the use of ABI in 
both the pre- and post-docetaxel setting. ABI was first evaluated by the COU-AA-301 
study in the post-docetaxel setting [1] and then later in the pre-docetaxel setting by 
the COU-AA-302 study [4]. ENZ is a next-generation hormonal therapy that acts by 
fourfold inhibition of AR signaling. ENZ blocks AR interaction, inhibits transloca-
tion of the AR to the nucleus, impairs AR binding to DNA, and inhibits coactivator 
recruitment and receptor-mediated DNA transcription. Thus compared with ABI, 
ENZ targets androgen-AR signaling through binding of the AR itself, rather than 
through CYP17 inhibition, and so ENZ has the added benefit of no requirement for 
corticosteroids. Like ABI, ENZ has shown increased OS when used pre- and post- 
docetaxel. The AFFIRM study evaluated ENZ in the post-docetaxel setting [2], and 
the PREVEIL study examined ENZ in the pre-docetaxel setting [5].

There are no reports yet that have directly compared the efficacy of these two 
agents. Table 23.1 shows the 50% PSA reduction rate and median PSA progression 
free-survival (PSA-PFS) time in each study of ABI and ENZ. In the pre-docetaxel 
setting, the 50% PSA reduction rate appeared higher with ENZ (78%) than ABI 
(62%); however, the PSA-PFS time was similar between ABI (11.1 months) and 
ENZ (11.2 months). In the post-docetaxel setting, the 50% PSA reduction rate and 
PSA-PFS time showed differences between groups, which were probably caused by 
the difference in the patients’ background. Based on these results, the efficacy of 
ABI and ENZ as first-line treatment was considered to be almost similar.

Table 23.1 PSA reduction and PSA-PFS time of ABI and ENZ

Study References N
>50% PSA 
reduction (%)

Median PSA-PFS 
time (months)

COU-AA-302(ABI/pre-DTX) Ryan et al.
NEJM 2013

546 62 11.1

PREVAIL(ENZA/pre-DTX) Beer et al.
NEJM 2014

872 78 11.2

COU-AA-301(ABI/post-DTX) De bono et al. 
NEJM 2011

797 29 10.2

AFFIRM(ENZA/post-DTX) Scher et al.
NEJM 2012

800 54 8.3
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23.3  Should AR Target Therapies Be Used Before 
Chemotherapy?

There is currently a trend to use these novel hormonal therapies before chemother-
apy, because of better tolerability [6]. However, whether they should be used before 
chemotherapy for all CRPC patients has not been determined. Antonarakis et al. 
reported that the detection of AR-V7 in circulating tumor cells (CTCs) of CRPC 
patients was associated with resistance to ABI and ENZ [7]. The PSA response rate 
was 0% for AR-V7-positive patients in the context of both therapies. These results 
have now been expanded to a larger sample of 202 patients, in whom the negative 
prognostic impact of CTC-specific AR-V7 detection has been confirmed [8]. These 
results suggest that the presence of AR-V7 might explain the mechanism of primary 
resistance to ABI and ENZ in many cases. In contrast, the presence of AR-V7 does 
not appear to correlate with poor treatment responses in patients receiving docetaxel 
or cabazitaxel [9–11]. These results indicated that chemotherapy should be used 
before AR target therapies for patients with positive AR-V7 in CTCs. However, in 
clinical practice, it is difficult to extract CTCs and measure AR-V7. Therefore, we 
need to use clinically available predictive markers. Loriot et al. reported that the 
duration of response to first-line androgen deprivation therapy (ADT) was a predic-
tor of sensitivity to novel AR axis-targeted drugs in CRPC patients [12]. However, 
the efficacy of docetaxel was not correlated with the duration of first-line ADT [13]. 
We evaluated the parameters predicting efficacy of ABI or ENZ treatment in the 465 
patients in our retrospective study [14, 15]. The only parameter significantly associ-
ated with PSA-PFS of both ABI and ENZ in multivariate Cox proportional hazard 
analyses was time to resistance to first-line ADT of less than 1 year. These results 
indicated that for CRPC patients with short duration to resistance to first-line ADT, 
chemotherapy should be used before AR target therapies.

23.4  What Is the Optimal Sequence of AR Target Therapies 
for Prostate Cancer?

Guidelines for the treatment of CRPC have not outlined the optimal sequence of 
these therapies. The question, thus, remains as to which approach should be first for 
the treatment of CRPC, ABI, or ENZ? This question is one of the major concerns in 
considering a treatment strategy for CRPC. Several retrospective studies have dem-
onstrated the decreased efficacy of the second-line AR-targeting therapy after pro-
gression on the first-line therapy, and ENZ was superior to ABI in their efficacy as 
the second-line setting [16]. Maughan et al. performed a retrospective analysis of 81 
consecutive CRPC patients, which included 65 patients treated with ABI-to-ENZ 
and 16 patients treated with ENZ-to-ABI. The ABI-to-ENZ group tended to have a 
better PSA-PFS compared with the ENZ-to-ABI group. The difference was signifi-
cant only in the multivariate analysis not in the univariate analysis [17]. We collabo-
rated with these authors (Kyoto-Baltimore collaboration) and evaluated the efficacy 
of ABI and ENZ in each sequence, including 113 patients treated with ABI-to-ENZ 
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and 85 patients treated with ENZ-to-ABI in the pre-docetaxel setting. Our results 
showed that PSA-PFS was not significantly different between the two groups in the 
first-line setting. However, in the second-line setting, PSA-PFS was significantly 
longer in ENZ than in ABI; the combined PSA-PFS was significantly longer in the 
ABI-to-ENZ group (median 15  months) compared with the ENZ-to-ABI group 
(median 10 months). The difference was significant both in univariate and multi-
variate analyses. However, there was no statistical difference in OS between the two 
sequences [15]. Miyake et al. also performed a retrospective analysis in 108 con-
secutive patients with CRPC who sequentially received ABI and ENZ, including 49 
patients with ABI-to-ENZ treatment and 59 patients with ENZ-to-ABI treatment. 
The combined PSA-PFS in the ABI-to-ENZ group (median 18 months) was signifi-
cantly superior to that of the ENZ-to-ABI group (median 13 months) [18]. Although 
these studies were all retrospective and showed no significant difference in OS, 
these results might affect our treatment strategy in CRPC patients. Although the 
ABI-to-ENZ sequence might have more favorable efficacy in terms of combined 
PSA-PFS than the ENZ-to-ABI sequence, the results did not conclusively demon-
strate that ABI should be used before ENZ for all the CRPC patients. Without useful 
predictive biomarkers, we need to select first-line or second-line therapies by dis-
cussing not only the efficacy but also the prevalence of the adverse effects with the 
patients.

23.5  Future Prospectives

There have been rapid advancements in the treatment of CRPC, with a resulting 
improvement in the prognosis of patients. Further research is needed with respect to 
selection and sequencing of therapy [16, 19] to determine the optimal series of treat-
ments for an individual patient.

Acknowledgments We thank Edanz Group (www.edanzediting.com) for editing a draft of this 
manuscript.
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Enzalutamide Therapy for mCRPC 
in Japanese Men

Go Kimura

Abstract
Enzalutamide, which inhibits androgen receptor signaling at multiple steps, was 
approved for metastatic castration-resistant prostate cancer (mCRPC) in Japan in 
2014. Since then, we have treated mCRPC patients with enzalutamide; however, 
limited information is available as to clinical outcomes of enzalutamide in 
Japanese patients. In this chapter, I will review the efficacy, safety, and pharma-
cokinetics of enzalutamide in Japanese patients first from clinical trials, includ-
ing the PREVAIL and phase I/II study in Japanese patients and then from 
retrospective studies of real-world data in Japan. Treatment effects and safety of 
enzalutamide in Japanese patients were generally consistent with the overall 
results from non-Japanese populations. However, in daily clinical practice, the 
patients often complain of such difficulties as swallowing due to the big size of 
capsule, fatigue, and appetite loss. In order to continue this effective enzalu-
tamide therapy without discontinuation due to these subjective symptoms, dose 
reduction seems to be the best way.

Keywords
Enzalutamide · Castration-resistant prostate cancer · Japanese patients

24.1  Introduction

Since Huggins’s report [1], androgen deprivation therapy (ADT) has been used as 
the gold standard of systemic therapy for metastatic prostate cancer. Although ini-
tially ADT is effective in most patients, it becomes refractory [2] and progresses to 
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fatal castration-resistant prostate cancer (CRPC) in nearly all patients [3]. Despite 
castration levels of testosterone, CRPC can continue to grow through activation of 
an androgen-androgen receptor (AR) signal pathway by mechanisms of testoster-
one synthesis from adrenal-derived weak androgens and/or from cholesterol by de 
novo synthesis [4, 5] and the amplification of their androgen receptors [6, 7]. 
Enzalutamide targets AR signaling at multiple steps, AR binding, nuclear transloca-
tion of the ARs, DNA binding, and coactivator recruitment. Enzalutamide has been 
shown to have favorable clinical outcomes, including prolonged overall survival 
(OS) and safety in pivotal phase III trials in mCRPC patients before and after 
docetaxel treatment [8, 9].

In Japan, enzalutamide for mCRPC received insurance coverage in 2014. Since 
then, we have treated mCRPC patients with enzalutamide in daily clinical practice; 
however, limited information is available as to efficacy and safety of enzalutamide 
in Japanese patients with mCRPC. In this chapter, I will review the efficacy, safety, 
and pharmacokinetics (PK) of enzalutamide in Japanese patients first from the clini-
cal trial data, including a post hoc analysis of the PREVAIL trial and phase I/II 
study in Japanese CRPC patients and then from retrospective studies of real-world 
clinical practice data in Japan.

24.1.1  Enzalutamide

Enzalutamide is an AR-signaling inhibitor distinct from the vintage antiandrogen 
agents in that it inhibits nuclear translocation of the AR, DNA binding, and coacti-
vator recruitment. Enzalutamide also has an eightfold greater affinity for AR com-
pared to bicalutamide, induces tumor shrinkage in xenograft models, in which 
vintage antiandrogen agents only retard growth [10, 11].

One XTANDI™ (brand name of enzalutamide) soft capsule contains 40  mg 
enzalutamide. The recommended dose is 160 mg enzalutamide (four 40 mg cap-
sules) as a single oral daily dose. It is absorbed promptly by oral administration and 
is not affected by diet, so it can be administered either before or after a meal. Unlike 
abiraterone acetate, there is no need to take additional steroids while taking enzalu-
tamide. XTANDI™ was approved in Japan in May 2014 for the treatment of men 
with mCRPC refractory to docetaxel. Since October 2014, XTANDI™ is also avail-
able for docetaxel-naive settings. By the drug price revision made in April 2016, the 
price of XTANDI™ was lowered by 25%, with one capsule costing 2354.1 yen and 
30 days costing 282,492 yen.

One of the most important side effects of enzalutamide is the occurrence of sei-
zures, which are a known dose-dependent toxicity. In the phase I/II study, there 
were three cases of seizures (2%), and all of these three cases took equal to or more 
than 360 mg/day dosages [12]. Although incidence of seizures in the two pivotal 
phase III trials was low, extreme caution is required for administration in patients 
with a risk of seizures, such as those with a history of seizures, brain injury, stroke, 
brain metastases, alcoholism, and concomitant medications known to lower the sei-
zure threshold.

G. Kimura



233

24.1.2  Phase III Trials of Enzalutamide

24.1.2.1  AFFIRM Trial [12]
The AFFIRM trial was a double-blind, phase III study comparing the efficacy and 
safety between enzalutamide and placebo in men with mCRPC after chemotherapy. 
1199 men were stratified according to the Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) score and pain intensity and were randomly 
assigned in a 2:1 ratio to receive oral enzalutamide at a dose of 160 mg per day (800 
patients) or placebo (399 patients). The primary endpoint was OS, and secondary 
endpoints were measures of response in the prostate-specific antigen (PSA) level, in 
soft tissue, and in the quality of life (QOL) score and measures of progression 
including time to PSA progression, radiographic progression-free survival (rPFS), 
and time to the first skeletal-related event (SRE).

The median OS was 18.4 months in the enzalutamide group versus 13.6 months 
in the placebo group (hazard ratio (HR) for death in the enzalutamide group, 0.63; 
95% confidence interval (CI), 0.53–0.75; P  <  0.001). The superiority of enzalu-
tamide over placebo was shown with respect to all secondary endpoints. The rates 
of adverse events (AEs) were similar in the two groups. Incidence of all grades of 
fatigue, diarrhea, hot flashes, musculoskeletal pain, and headache was higher in the 
enzalutamide group. Hypertension or increased blood pressure was observed in 
6.6% of patients in the enzalutamide group and 3.3% of those in the placebo group. 
The enzalutamide group had a lower incidence of AEs of grade 3 or above (45.3%, 
vs. 53.1% in the placebo group). Seizures were reported in five patients (0.6%) 
receiving enzalutamide.

It was concluded that enzalutamide significantly prolonged OS in men with 
mCRPC after chemotherapy.

24.1.2.2  PREVAIL Trial [9, 13]
The PREVAIL trial was a double-blind, phase III study comparing the efficacy and 
safety between enzalutamide and placebo in men with mCRPC before chemother-
apy. The 1717 patients were randomly assigned to receive either enzalutamide (at a 
dose of 160 mg) or placebo once daily. The coprimary endpoints were rPFS and 
OS. The secondary endpoints included the time until the initiation of cytotoxic che-
motherapy, the time until the first SRE, the best overall soft-tissue response, the 
time until PSA progression, and a decline in the PSA level of 50% or more from 
baseline. Prespecified exploratory endpoints included QOL and a decline in the 
PSA level of 90% or more from baseline.

The rate of rPFS at 12 months was 65% in the enzalutamide group, compared to 
14% in the placebo group (HR in the enzalutamide group, 0.19; 95% CI, 0.15 to 
0.23; P < 0.001). Treatment with enzalutamide resulted in a 29% decrease in the 
risk of death compared to placebo (HR, 0.71; 95% CI, 0.60–0.84; P < 0.001). The 
benefit of enzalutamide was shown with respect to all secondary and prespecified 
exploratory endpoints. AEs that occurred in ≥20% of patients receiving enzalu-
tamide at a rate at least 2% higher than that in the placebo group were fatigue, back 
pain, constipation, and arthralgia. After adjustment for the length of exposure, 
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events with a higher rate in the enzalutamide group than in the placebo group were 
hot flash, hypertension, and falls. The most common event of ≥grade 3  in the 
enzalutamide group was hypertension (7%). One patient in each study group had a 
seizure.

It was concluded that enzalutamide significantly decreased the risk of rPFS and 
OS and delayed the initiation of chemotherapy in men with mCRPC before 
chemotherapy.

24.1.3  The Outcome of the PREVAIL Trial in Japanese Patients [14]

A post hoc analysis of the PREVAIL trial was done to evaluate the treatment effects, 
safety, and PK of enzalutamide in Japanese patients. Of 1717 patients, 61 were 
enrolled in Japan (enzalutamide, n = 28; placebo, n = 33). Among Japanese patients, 
baseline demographic and disease characteristics were well balanced between the 
enzalutamide and placebo treatment arms, except that more enzalutamide-treated 
patients had at least ten bone metastases (50.0 vs. 36.4%) and soft-tissue metastases 
(46.4 vs. 36.4%). Some differences in baseline disease characteristics were observed 
between Japanese patients and the overall study population. Japanese patients had 
lower bodyweight and body mass index, lower median PSA level at baseline, less 
baseline pain, and less soft-tissue disease. A higher percentage of Japanese patients 
had an ECOG PS of zero, and a Gleason score of eight or higher, bone metastases, 
had received corticosteroids and had received at least three prior unique hormone 
therapies at baseline than patients in the overall study population. However, Japanese 
patients had fewer prior radical prostatectomies than the overall study population.

The HR (95% CI) of 0.43 for investigator assessed rPFS (0.18–1.04) (Fig. 24.1); 
0.37 for updated OS (0.13–1.04) (Fig.  24.2) showed the treatment benefit of 
enzalutamide over placebo. As for the results of the secondary endpoints, the HR 
(95% CI) of 0.46 for time to chemotherapy (0.22–0.96) and 0.36 for time to PSA-
PFS (0.17–0.75) showed the treatment benefit of enzalutamide over the placebo. 
PSA responses were observed in 60.7% in the enzalutamide group versus 21.2% in 
the placebo group.

The incidence of AEs and serious AEs was consistent between Japanese patients 
and the overall population. Treatment-related AEs grade ≥3 was reported in 3.6% in 
the enzalutamide group compared with 6.1% in the placebo group. Treatment dis-
continuation as a result of AE was reported in 3.6% of the enzalutamide group and 
6.1% of the placebo group. Dose reductions as a result of AE were reported in 3.6% 
of enzalutamide-treated patients and no placebo-treated patients. The most common 
AEs reported in Japanese patients are presented in Table 24.1. AEs that occurred in 
at least 20% of Japanese patients (listed from highest to lowest incidence) were 
weight decrease, decreased appetite, constipation, and fatigue, with the majority 
being ≤ grade 2. No seizures were reported in Japanese patients.

The mean minimum concentrations of enzalutamide and the sum of enzalu-
tamide and N-desmethyl enzalutamide, its active metabolite, in Japanese and non-
Japanese patients at 5, 13, and 25  weeks were measured. The concentration of 
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enzalutamide and its active metabolite were slightly higher in the Japanese popula-
tion than in the non-Japanese population, with a geometric mean ratio (Japanese/
non-Japanese) of 1.191 (90% CI 1.102–1.287), 1.063 (90% CI 0.982–1.150), and 
1.137 (90% CI 1.017–1.271) at weeks 5, 13, and 25, respectively. Some differences 
in AEs might be related to the slightly higher concentrations of enzalutamide and its 

24 Enzalutamide Therapy for mCRPC in Japanese Men



236

Ta
bl

e 
24

.1
 

O
ve

ra
ll 

ad
ve

rs
e 

ev
en

t s
um

m
ar

y

O
ve

ra
ll 

sa
fe

ty
 p

op
ul

at
io

n 
(n

 =
 1

71
5)

, n
 (

%
)

Ja
pa

ne
se

 s
ub

gr
ou

p 
(n

 =
 6

1)
, n

 (
%

)
E

nz
al

ut
am

id
e 

(n
 =

 8
71

)
Pl

ac
eb

o 
(n

 =
 8

44
)

E
nz

al
ut

am
id

e 
(n

 =
 2

8)
Pl

ac
eb

o 
(n

 =
 3

3)
A

ny
 g

ra
de

G
ra

de
 ≥

 3
A

ny
 g

ra
de

G
ra

de
 ≥

 3
A

ny
 g

ra
de

G
ra

de
 ≥

 3
A

ny
 g

ra
de

G
ra

de
 ≥

 3
W

ei
gh

t d
ec

re
as

ed
10

0 
(1

1.
5)

5 
(<

1)
71

 (
8.

4)
2 

(<
1)

7 
(2

5.
0)

1 
(3

.6
)

6 
(1

8.
2)

0
D

ec
re

as
ed

 a
pp

et
ite

15
8 

(1
8.

1)
2 

(<
1)

13
6 

(1
6.

1)
6 

(<
1)

7 
(2

5.
0)

0
5 

(1
5.

2)
1 

(3
.0

)
C

on
st

ip
at

io
n

19
3 

(2
2.

2)
4 

(<
1)

14
5 

(1
7.

2)
3 

(<
1)

6 
(2

1.
4)

0
4 

(1
2.

1)
0

Fa
tig

ue
31

0 
(3

5.
6)

16
 (

1.
8)

21
8 

(2
5.

8)
16

 (
1.

9)
6 

(2
1.

4)
1 

(3
.6

)
0

0
B

on
e 

pa
in

80
 (

9.
2)

12
 (

1.
4)

11
6 

(1
3.

7)
20

 (
2.

4)
5 

(1
7.

9)
0

4 
(1

2.
1)

0
Fa

ll
10

1 
(1

1.
6)

12
 (

1.
4)

45
 (

5.
3)

6 
(<

1)
5 

(1
7.

9)
0

1 
(3

.0
)

0
D

ys
ge

us
ia

66
 (

7.
6)

1 
(<

1)
31

 (
3.

7)
0

5 
(1

7.
9)

0
1 

(3
.0

)
0

Po
lla

ki
ur

ia
50

 (
5.

7)
1 

(<
1)

37
 (

4.
4)

0
5 

(1
7.

9)
0

0
0

H
ea

da
ch

e
91

 (
10

.4
)

2 
(<

1)
59

 (
7.

0)
3 

(<
1)

4 
(1

4.
3)

1 
(3

.6
)

2 
(6

.1
)

0
D

ia
rr

he
a

14
2 

(1
6.

3)
2 

(<
1)

11
9 

(1
4.

1)
3 

(<
1)

3 
(1

0.
7)

0
7 

(2
1.

2)
1 

(3
.0

)
C

an
ce

r 
pa

in
10

 (
1.

1)
4 

(<
1)

10
 (

1.
2)

4 
(<

1)
3 

(1
0.

7)
0

6 
(1

8.
2)

0
B

ac
k 

pa
in

23
5 

(2
7.

0)
22

 (
2.

5)
18

7 
(2

2.
2)

25
 (

3.
0)

3 
(1

0.
7)

0
3 

(9
.1

)
0

U
pp

er
 r

es
pi

ra
to

ry
 tr

ac
t i

nf
ec

tio
n

53
 (

6.
1)

0
30

 (
3.

6)
0

3 
(1

0.
7)

0
2 

(6
.1

)
0

Pa
th

ol
og

ic
al

 f
ra

ct
ur

e
39

 (
4.

5)
9 

(1
.0

)
19

 (
2.

3)
7 

(1
.0

)
3 

(1
0.

7)
0

0
0

O
cc

ur
ri

ng
 in

 ≥
10

%
 o

f 
Ja

pa
ne

se
 p

at
ie

nt
s 

in
 th

e 
en

za
lu

ta
m

id
e-

tr
ea

te
d 

gr
ou

p.
 R

es
ul

ts
 a

re
 f

ro
m

 th
e 

Se
pt

em
be

r 
16

, 2
01

3,
 d

at
a 

cu
to

ff
R

ep
ro

du
ct

iv
e 

fr
om

 r
ef

er
en

ce
 1

4

G. Kimura



237

active metabolite in Japanese men compared with the overall population, which is 
likely related to their lower median weight at baseline.

It is concluded that treatment effects and safety in Japanese patients were gener-
ally consistent with the overall results from PREVAIL.

24.1.4  Phase I/II Study of Enzalutamide in Japanese Patients [15]

A multicenter phase I/II study was conducted to investigate safety, tolerability, PK, 
and antitumor activity of enzalutamide in post-docetaxel (TXT) Japanese patients 
with mCRPC. In phase I, patients received single, then multiple, ascending doses of 
enzalutamide at 80, 160, or 240 mg/day. Nine patients were enrolled in phase I and 
38 in phase II. During phase I, enzalutamide was well tolerated in each cohort, and 
PK parameters were similar to those of non-Japanese populations in other studies. 
Overall radiographic response rate was 5.3%, and PSA response rate (≥50% reduc-
tion from baseline) was 28.9%. These response rates were lower than the AFFIRM 
study (5.3 vs. 29%, 28.9 vs. 54%, respectively). It has been suggested that the dif-
ferences in antitumor activity compared with the AFFIRM study may be attributed 
to the number of hormonal therapy lines prior to enzalutamide. In fact, with the 
exclusion of castration therapies, about 90% of patients in this study had received 
≥3 prior hormonal therapy lines, whereas patients typically received ≤2 lines in 
AFFIRM.

The most frequent AEs with an incidence of ≥20% across both phases were 
weight decrease, decreased appetite, and constipation. Of the AEs reported in ≥10% 
of patients, those considered to be related to enzalutamide were hypertension, con-
stipation, fatigue, decreased appetite, weight decrease, and prolonged electrocardio-
gram QT. No seizures were observed.

It was concluded that enzalutamide showed good tolerability in Japanese patients, 
with PK and safety profiles similar to those in non-Japanese populations included in 
other enzalutamide studies.

24.1.5  Retrospective Studies of Enzalutamide in Daily Practice 
with Japanese Patients

Retrospective studies on efficacy and safety of enzalutamide in real-world Japanese 
patients have been reported in Japan. Yamasaki et al. [16] compared the efficacy of 
enzalutamide between CRPC patients before (51 patients) and after (40 patients) 
TXT.  The median PFS and OS for patients before TXT patients were 10.2 and 
27.9 months, respectively. The median PFS for patients after TXT was 4.4, and OS 
was not reached. Among patients before and after TXT, 24% and 40% experienced 
AEs, respectively. Fatigue (15%) and appetite loss (13%) were the most common. 
Although they concluded that the treatment efficacy of enzalutamide might be worse 
in Japanese patients with CRPC, this might be due to higher numbers of prior treat-
ment regimens including abiraterone acetate and a higher proportion of patients with 
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≥PS 2 in this study. Igarashi et al. [17] reported that a decline in the PSA level of 50% 
or more from baseline in CRPC patients before (44 cases) and after (29 cases) TXT 
were 61.4% and 24.1%, respectively. The most common AEs included fatigue 
(24.7%), anorexia (24.7%), and nausea (16.4%). Treatment discontinuation as a result 
of AEs was reported in five cases (6.8%). Although dose reductions as a result of AEs 
were seen in nine cases (12.3%), eight cases were able to continue the treatment.

Kato et al. [18] analyzed early PSA response to enzalutamide and oncological 
outcomes to study their prognostic significance in 51 Japanese patients, including 26 
cases of pre-TXT and 25 of post-TXT. They showed that an early PSA response at 
4 weeks to enzalutamide was significantly associated with a longer rPFS and OS. This 
information will aid in the management of patients treated with enzalutamide. Terada 
et al. [19] evaluated the factors predicting efficacy and AEs of enzalutamide in 345 
Japanese CRPC patients, including 150 cases of pre-TXT and 195 of post-
TXT. Gleason score >8, performance status ≥1, presence of bone metastasis, visceral 
metastasis, previous steroid treatment, and TXT treatment significantly predicted 
shorter PSA-PFS of enzalutamide. AEs, including fatigue or appetite loss, occurred 
in 169 patients (49%), 48 (18%) of whom stopped enzalutamide. Age > 75 years and 
lower enzalutamide dose were significantly associated with development of AEs.

From the results of both prospective and retrospective studies, some of the most 
common AEs of enzalutamide are fatigue and appetite loss. Such subjective AEs 
tend to be underestimated in clinical trials. Iguchi et  al. [20] assessed 45 CRPC 
patients for the AEs of enzalutamide by using self-assessment questionnaire for 
subjective symptoms. In 12 cases, the dose reduction or discontinuation was needed 
due to fatigue and appetite loss. In eight cases, subjective symptoms improved after 
dose reduction. They concluded that self-assessment questionnaires for subjective 
symptoms are useful tools for finding the AEs of enzalutamide quickly, which may 
lead to better outcomes of enzalutamide for CRPC through the elimination of drop-
outs due to AEs.

 Conclusions
A new AR signal inhibitor, enzalutamide, has shown high efficacy and a favor-
able safety profile irrespective of docetaxel use in both clinical trials and routine 
clinical practice in Japanese patients. It is highly convenient that enzalutamide 
can be taken as a single oral daily dose either before or after a meal and that there 
is no need to take additional steroids. However, in daily clinical practice, the 
patients often complaint of such difficulties as swallowing due to the size of the 
capsule, fatigue, and appetite loss. In order to continue this effective enzalu-
tamide therapy without discontinuation due to these subjective symptoms, dose 
reduction seems to be the best way.
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Abstract
Abiraterone acetate (AA) is a first-in-class CYP17 (17α-hydroxylase/C17, 20 
lyase) inhibitor that is approved for the treatment of metastatic castration- 
resistant prostate cancer (mCRPC). AA prolonged overall survival in both 
mCRPC patients with or without previously chemotherapy by two randomized 
Phase III studies (COU-AA-301 and 302 trial). In Japan, AA approved in 2014, 
similar efficacy and safety of AA are demonstrated. Prostate-specific antigen 
(PSA) response rates were 60.4% in chemotherapy naïve mCRPC patients (JPN- 
201 study) and 28.3% in post-chemotherapy mCRPC patients (JPN-202 study), 
respectively. The most common were liver dysfunction and mineralocorticoid- 
related adverse events such as hypokalemia, hypertension, and edema. Majority 
of the adverse events were grade 1 or 2  in severity. PSA flare phenomenon 
observed approximately 10% during AA treatment, which is feature and differ-
ent from that of enzalutamide. There is no clear answer to sequential androgen 
receptor-axis-targeted therapy. But, AA to enzalutamide sequence may be better 
outcome for PSA progression-free survival compared with reverse sequence. 
Even in elderly patients with mCRPC, if the patients can be treated, they can be 
safe and obtain the sufficient therapeutic effect. However, there is no report of 
AA treatment in Japanese elderly mCRPC patients. This review evaluated the 
use of AA for Japanese mCRPC patients in detail.
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25.1  Introduction

Abiraterone acetate (AA), a prodrug of abiraterone, is a first-in-class CYP17 
(17α-hydroxylase/C17, 20 lyase) inhibitor that selectively inhibits androgen synthe-
sis in testis, adrenal glands, and prostate tumor tissues. The first inhuman dose esca-
lation study of AA was published in 2004 [1]. After Phase II and III studies [2–4], 
oral AA in combination with prednisone 5 mg administered orally twice daily was 
approved by the USA in April 2011 for metastatic castration-resistant prostate cancer 
(mCRPC) patients who had received chemotherapy and that approval was expanded 
for chemotherapy-naïve patients in December 2012. In Japan, AA approved in July 
2014, and clinical data of Japanese men are accumulating little by little.

25.2  Abiraterone in Chemotherapy-Naïve mCRPC

25.2.1  Efficacy

JPN-201 was a Phase II, multicenter, open-label, single-arm study conducted in 
Japan to evaluate the efficacy and safety of AA in chemotherapy-naïve mCRPC 
patients [5]. A total of 48 patients treated with AA, median age was 70 years (range, 
46–89 years) and median baseline PSA level was 31.4 ng/mL (range, 6.0–469.0 ng/
mL). Among them, 29 patients (60.4%) achieved a confirmed ≥50% prostate- 
specific antigen (PSA) response between baseline and week 12. On the other hand, 
COU-AA-302 was a global Phase III, double-blind, placebo-controlled study in 
chemotherapy-naïve mCRPC in which 1088 patients were randomly assigned at a 
1:1 ratio to receive AA plus prednisone or placebo plus prednisone [6]. AA plus 
prednisone administered in 546 patients, median age was 71  years (range, 
44–95 years), and median baseline PSA level was 42.0 ng/mL (range, 0.0–3927.4 ng/
mL). Patients with decline of ≥50% in PSA level were 61.5%. The PSA response 
rate observed in JPN-201 study was consistent with the results of COU-AA-302 
study in chemotherapy-naïve non-Japanese patients with median follow-up of 
22.2 months (61.5%).

Recently, Miyake et  al. retrospectively reported the data from 280 Japanese 
patients in real-world clinical practice who had been treated with either AA or 
enzalutamide (Enz) as first-line therapy for chemotherapy-naïve mCRPC [7]. 
Among them 113 patients received AA, median age was 76  years (range, 
58–96 years), and median baseline PSA level was 24.3 ng/mL (range, 1.1–3402.7 ng/
mL). PSA response rate was 53.1%, and the median time to PSA progression was 
9.0 months. Although the median overall survival (OS) was not reached, the 1- and 
2-year OS rates were 85.7% and 76.5%, respectively.
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25.2.2  Toxicity

The most common adverse events reported in global studies for patients treated with 
AA plus prednisone were peripheral edema, hypokalemia, hypertension, and hepatic 
function abnormal [2, 6]. In JPN-201 study [5], all grade of edema was one patient 
(2%), hypokalemia was seven patients (15%), hypertension was three patients (6%), 
and hepatotoxicity was 21 patients (44%). Majority of the adverse events were grade 
1 or 2 in severity. On the other hand, the percentage of patients with grade 3 or 4 was 
lower (40%) in JPN-201 study than in COU-AA-302 study in chemotherapy- naïve 
non-Japanese patients (48%) [5, 6]. Hepatotoxicity is a known risk of treatment with 
AA; grade 3 or 4 hepatotoxicity in JPN-201 study (10% vs. 8%) was similar com-
pared with the global Phase III study. In addition, a well-known adverse event of AA 
is mineralocorticoid-related toxicities, and these toxicities are mostly grade 1 or 2. 
Among the 23% patients with mineralocorticoid-related adverse events in JPN-201 
study, only one patient (2%) showed grade 3 hypertension, and these results were 
consistent with those observed in COU-AA-302 study in non-Japanese patients.

25.3  Abiraterone in Post-Chemotherapy mCRPC

25.3.1  Efficacy

JPN-202 Phase II study evaluated the efficacy and safety of AA in Japanese men 
with mCRPC who had received docetaxel-based chemotherapy [8]. A total of 47 
patients were enrolled, and the median age of the patients was 72  years (range, 
51–83 years), with 28% of patients ≥75 years of age. The median baseline PSA 
level was 143.0  ng/mL (range, 7.2–1450.0  ng/mL). In the full analysis set, 13 
patients (28.3%) had a confirmed ≥50% PSA response by 12 weeks of therapy. The 
median OS was not reached, 6-month survival rate was estimated to be 89.1%, and 
the median PSA progression-free survival (PFS) and radiographic PFS were 
3.6 months and 3.5 months, respectively. These results were comparable to those in 
the global Phase III trial. COU-AA-301 study randomly assigned, in a 2:1 ratio, 
1195 patients who had previously received docetaxel to receive with either AA or 
placebo [4]. Of the 797 patients, the median age was 69 years (range, 42–95), and 
≥75  years patients was 28%. The median baseline PSA level was 128.8  ng/mL 
(range, 0.4–9253.0). In the AA group, PSA response rate was 29.1%. In addition, 
the median OS, time to PSA progression, and median PFS were 14.8  months, 
10.2 months, and 5.6 months, respectively.

25.3.2  Toxicity

In JPN-202 study, the expected adverse events with AA were reported in 20/47 
(42.6%) patients. The most common were hepatic function abnormal (21.3%) fol-
lowed by hypokalemia (8.5%), hypertension (6.4%), and edema (6.4%). Most of 
these adverse events were of grade <2 except four patients (8.5%) of grade 3 hepatic 
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function abnormal. Although four patients required dose reduction or interruption, 
none of these adverse events led to study discontinuation.

Nineteen patients (40.4%) reported adverse events of grade ≥3. Grade 3 adverse 
events were reported for 17 patients, four patients (8.5%) were hepatic functional 
abnormal, three patients (6.4%) were hypermagnesemia, and each two patients 
(4.3%) were pneumonia, urinary tract infection, anemia, and disease progression. 
Two patients (4.3%) experienced grade 4 adverse events such as cerebral infection, 
subarachnoid hemorrhage, and disease progression.

The safety findings were consistent with those of other studies in men with 
mCRPC who had received docetaxel chemotherapy or not [4, 6]. The incidence of 
grade ≥3 adverse events in JPN-202 study was similar to the chemotherapy-naïve 
Japanese patients (40%). In particular, the most common grade 3 hepatic function 
abnormal (8.5%) was higher than COU-AA-301 study (3%) but similar to JPN-201 
study (10%) and COU-AA-302 study (8%) [4–6].

25.4  PSA Flare

The PSA flare was defined as any initial increase in the PSA level, followed by a 
decrease, in accordance with that described in a previous report: (1) any decrease 
from the peak, (2) any decrease to less than baseline, and (3) a decrease of ≥30% 
from baseline [9]. We have sometimes observed the PSA flare phenomenon during 
AA treatment that consists of an early and transient rise in the PSA level, followed 
by a decline [10, 11]. However, all these reports were restricted to AA treatment 
after docetaxel-based chemotherapy, and data on chemotherapy-naïve patients 
were unavailable. Ueda et al. reported the incidence, characteristics, and clinical 
outcomes of the PSA flare in Japanese patients with mCRPC treated with first-line 
AA treatment before chemotherapy [12]. Of the 83 patients, using the various defi-
nitions of the PSA flare, the incidence ranged from 6.0 to 10.8%. This result was 
similar to that reported in post-chemotherapy patients during AA treatment (8.7%) 
[10]. In addition, the clinical outcomes of patients with the PSA flare did not sig-
nificantly differ from those with an immediate PSA decline. The PSA flare phe-
nomenon is not rare event during AA treatment; thus, AA should not be withdrawn 
early in patients with mCRPC in whom an initial, isolated PSA increase has been 
observed.

25.5  Sequential Androgen Receptor-Axis-Targeted Therapy

To date, there have been only small retrospective studies analyzing the outcomes of 
second-line androgen receptor-axis-targeted (ARAT) therapy for patients with in 
non-Japanese mCRPC following the failure of first-line therapy [13–15]. Miyake 
et al. retrospectively evaluated a total of 108 Japanese chemotherapy-naïve patients 
with mCRPC who sequentially received AA and Enz, in either order, to compare the 
clinical efficacies sequential ARAT therapy (AA-to-Enz vs. Enz-to-AA) [16]. Of 
these 108 patients, 49 (45.4%) and 59 (54.6%) were treated with ARAT therapy 

M. Ikeda and T. Satoh



245

according to the AA-to-Enz sequence and reverse sequence (Enz-to-AA), respec-
tively. The PSA response rate of the first-line ARAT agent (58.3%) was significantly 
higher than that of the second-line ARAT agent (21.3%). However, there was no 
significant difference in the PSA response rates of the first- or second-line ARAT 
therapy between the AA-to-Enz and Enz-to-AA. On the other hand, the median com-
bined PSA PFS in the AA-to-Enz and Enz-to-AA groups were 18.4 and 12.8 months, 
respectively (P = 0.0091), and the treatment sequence was shown to be indepen-
dently associated with combined PSA PFS on multivariate analysis. Although the 
study by Maughan et al. [13] included patients with mCRPC irrespective of the pre-
vious history of docetaxel treatment, both of these studies showed a significant dif-
ference in the combined PSA PFS favoring the AA-to-Enz sequence compared with 
the reverse sequence. Furthermore, the AA-to-Enz sequence was an independent 
predictive factor for the combined PSA PFS in both studies, but no significant differ-
ence in the OS was noted between the AA-to-Enz and Enz- to- AA. However, these 
studies have some limitations, using PSA PFS rather than radiographic PFS as the 
metric for comparison and imbalanced patient characteristics.

25.6  Efficacy and Safety of Abiraterone in Elderly Patient

Japan is one of the world’s leading longevity countries. Prostate cancer is a typical 
elderly cancer, and recently it has been increasing in Japan. Even in elderly patients 
with mCRPC, if the patients can be treated, the therapeutic effect can be suffi-
ciently obtained. The International Society of Geriatric Oncology recommends 
using the cumulative illness score rating-geriatrics [17, 18] and instrumental activi-
ties of daily living scale [19] indicators to determine treatment strategies for pros-
tate cancer in the following four groups: (1) “Fit” or “healthy,” (2) “vulnerable,” (3) 
“frail,” and (4) “too sick” with “terminal illness” [20]. “Fit” and “healthy” elderly 
patients should receive the same standard treatment as younger patients. In fact, 
post hoc analysis was investigated that efficacy and safety of AA in elderly 
(75  years or older) and younger patient subgroup in COU-AA-302 study [21]. 
Elderly patients treated with AA had significant improvements in radiographic PFS 
and OS versus those with prednisone alone (HR 0.63, P = 0.0009 and HR 0.71, 
P = 0.0268, respectively), similar to younger patients (HR 0.49, P < 0.0001 and HR 
0.81 P = 0.0841, respectively). In addition, specific adverse events with AA such 
as fluid retention/edema, hypokalemia, hypertension, and hepatotoxicity were sim-
ilar between the age subgroups. However, there is no report of AA treatment in 
Japanese elderly mCRPC patients and which is a future task.

 Conclusions

AA approved from 2014 in Japan, and clinical data of Japanese CRPC patients 
are accumulating little by little. In particular, the JPN-201 and JPN-202 trials 
demonstrated efficacy and safety of AA treatment in chemotherapy-naïve and 
post- chemotherapy mCRPC. Efficacy and safety of AA treatment in Japanese 
men are similar compared to non-Japanese patients, but data collection is still 
necessary.
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Role of Estramustine Phosphate 
and Other Estrogens for Castration-
Resistant Prostate Cancer
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Abstract
The introduction of several expensive drugs, as abiraterone acetate and enzalu-
tamide, and expansion of indication of these new drugs for prostate cancer 
patients resulted in dramatic increase in cancer treatment costs for castration- 
resistant prostate cancer. Estramustine phosphate and other estrogens such as 
ethinylestradiol are far less costly and might offer significant advantages over 
some of the new castration-resistant prostate cancer treatment, especially regard-
ing bone health, cognition, and metabolic status for prostate cancer patients. 
Herein we discussed about mechanisms of estramustine phosphate and estrogen 
compounds for prostate cancer. Moreover, we reviewed several reports of effi-
cacy of treatment with estramustine phosphate and other estrogens for castration- 
resistant prostate cancer. Furthermore, beneficial effects of estrogen compounds 
in comparison to luteinizing hormone-releasing hormone agonists during treat-
ment for prostate cancer patients were discussed.
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26.1  Mechanisms of Estrogen or Estramustine Phosphate 
Therapy for Prostate Cancer

Estrogens had represented a key drug in the urological armamentarium against pros-
tate cancer for more than half a decade since Huggins and Hodges reported in 1941 
the clinical effects of serum testosterone suppression in prostate cancer by adminis-
tration of estrogen, diethylstilbestrol (DES), as an alternative to surgical castration 
[1]. Because of high rate of cardiovascular events and thromboembolism receiving 
estrogen therapy, luteinizing hormone-releasing hormone (LHRH) agonists and non-
steroidal antiandrogen with equivalent oncological effect and lesser cardiovascular 
toxicity has replaced estrogen therapy for prostate cancer [2, 3]. The main mecha-
nisms of the compound are primary steroidal effect of estrogen; negative feedback on 
the hypothalamus and anterior pituitary gland, which eventually reduce luteinizing 
hormone (LH) resulting in decrease in testosterone production to a castrate level by 
the Leydig cells of the testis [4]. In vitro investigations have shown antimitotic and 
proapoptotic effects as well as induction of cell cycle arrest in estrogens [5–7]. DES 
treatment reduce serum dehydroepiandrosterone sulfate (DHEA-S), a representative 
adrenal androgen, to approximately two-thirds of pretreatment levels [8]. Moreover, 
it induces increase in serum sex hormone binding globulin (SHBG), which also make 
decline in serum-free testosterone, bioavailable form of testosterone [8].

Estramustine phosphate (EMP) is a nitrogen mustard carbamate derivative of 
estratiol-17-β-phosphate, and it is a prodrug that is rapidly dephosphorylated to 
estramustine and estromustine in vivo [9, 10]. EMP was synthesized with the goal 
of selectively delivering the alkylating mustard moiety to estrogen-receptor positive 
cancer cells, but subsequent studies revealed that the dephosphorylated form estra-
mustine and the derivative, estromustine showed very limited and slow dissociation 
of the molecule at the carbamate linkage and thus, it is atypical for an alkylating 
agent [11]. Estramustine and estromustine induce metaphase arrest and breakdown 
of interphase microtubules in vitro and in vivo [12, 13] and the effects of estramus-
tine and estromustine on microtubules has been revealed to be through binding to 
tubulin [14, 15]. Estramustine can also induce cell death by interacting with nuclear 
matrix [16]. Estramustine and estromustine accumulate in prostate cancer tissues, 
and the concentrations were correlated with estramustine binding protein (EMBP: 
prostatin) [10]. Thus the levels of EMBP might be responsible for the efficacy 
against prostate cancer cells. The plasma concentrations of EMP metabolites, 
estrone and estradiol, exceeded normal endogenous plasma levels of them more 
than 1000-fold and 100-fold, respectively, and these metabolites indirectly suppress 
plasma testosterone levels [17].

26.2  Efficacy of Estramustine Phosphate in CRPC

EMP was introduced in the early 1970s and has been mainly evaluated as a second- 
line treatment for patients with CRPC, particularly in combination with other che-
motherapy drugs [18]. In 2004, the randomized phase 3 trial revealed that a 
combination of docetaxel and EMP is superior to a regimen of mitoxantrone and 
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prednisone [19]. Additionally, a meta-analysis assessed to reveal efficacy of addi-
tion of EMP to chemotherapy for CRPC patients showed that according to five 
randomized clinical trials, addition of EMP significantly improved PSA response 
and increased time to PSA progression and overall survival [20]. However, recent 
meta-analysis, including a total of 956 patients who received and divided into che-
motherapy with or without EMP, revealed that chemotherapy with additional EMP 
increased the PSA response rate, but overall survival was not improved for the 
patients [21]. Several reports on oral EMP as a monotherapy against CRPC have 
shown a PSA response ranging from 24 to 48% with a median overall survival of 
about 9–42 months [22–26] (Table 26.1).

The tolerability and toxicology of EMP have been a cause for concern at the time 
of administration [27]. Major adverse events are the digestive system irritation, such 
as nausea and vomiting, which occur in about 40% of patients. Thromboembolic 
events are more severe adverse events associated with the use of EMP, and they may 
result in increased morbidity and mortality because of the increased risk of throm-
boembolic complications such as cardiovascular events, pulmonary embolism, and 
stroke [27]. All these issues resulted in rare utilization of EMP for CRPC treatment 
especially in Western countries nowadays [28].

To evaluate whether low-dose EMP can be administered with the same efficacy as 
higher dose of EMP with fewer side effects, Inoue et al. conducted a prospective study 
of low dose, 280 mg per day, of EMP administration to CRPC patients [23]. A total of 
31 patients were enrolled and 32% of the patients had a PSA response, defined as a 
50% decline in the serum PSA level and median overall survival was 42 months. 
Thus, the efficacy was comparable to that of higher dose EMP administration [22–
26]. Moreover, low-dose EMP was well tolerated, and digestive system irritation 
occurred in 15% of patients but mostly grade 1 or 2. Only one patient discontinued the 
treatment because of grade 1 anorexia after 9 months of the administration. The rate 
of treatment discontinuation is lower than that of the previous higher dose administra-
tion studies [22, 24]. Furthermore, there was no severe cardiovascular or deep venous 
thrombus complications developed during the study protocol, suggesting that low 
dose, 280 mg/day, of EMP is a safe treatment option in CRPC patients.

Petrioli et al. showed the efficacy of 420 mg of oral EMP together with acetyl-
salicylic acid against heavily treated CRPC patients, who had been previously 
treated with docetaxel and abiraterone acetate, also including cabazitaxel in some 
patients. Among 31 patients enrolled, 9 patients (29.0%) had PSA response, and 
median overall survival was 7.6 months without grade 3/4 toxicity [29]. The results 
implicated that reduced dose EMP might also be partly effective and a safe regimen 
in advanced CRPC patients who failed and progressed after all recommended treat-
ment options including docetaxel, abiraterone, and cabazitaxel.

26.3  Efficacy of Other Estrogens in CRPC

A large retrospective study to assess the efficacy and toxicity of DES at a dose of 
1–3  mg daily with aspirin for CRPC was conducted at The Royal Marsden 
Hospital [30]. The total of 231 patients with large proportion of elderly patients 
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with advanced disease including 173 patients with more than three previous hor-
mone regimens and 150 patients with performance status 2 or more were included 
in the study. The PSA response rate (the PSA Working Group Criteria) was 
28.9%, and the median time to PSA progression was 4.6 months. Among them, 
68 patients (32%) showed a PSA response of up to 25 and 18% of them had an 
improvement in their pain score. Thromboembolic complications were seen in 
9.9% of them. They concluded that DES has some activity in CRPC and can be 
of palliative benefit. Turo R et al. conducted retrospective study to investigate the 
efficacy of DES at a dose of 1 mg daily in 194 CRPC patients [31]. DES was the 
second-line treatment in 58 patients and the third-/fourth-line therapy in 136 
patients. The PSA response rate was 48.9% and the median time to progression 
was 250  days. Among them, ten patients (5.1%) experienced thromboembolic 
events with uneventful recovery. Sciarra A et al. prospectively evaluated the effi-
cacy of oral ethinylestradiol (EE) at a dose of 1 mg daily with aspirin for 116 
CRPC patients [32]. They all had bone metastasis, ECOG score ≤ 2 (60.7% of 
the patients had at base line an ECOG score higher than 0), and progressed after 
at least two hormone therapy regimens. The PSA response rate was 70.5%, and 
the median time to PSA progression was 15.1 months. Thromboembolic events 
had occurred in 31 (27.7%) of the patients including 18 cases with grade 3. They 
concluded that EE provides a favorable PSA response rate against metastatic 
CRPC patients, and with accurate patient selection, cardiovascular toxicity can 
be manageable with concomitant anticoagulation therapy. The efficacy of oral 
EE at a dose of 1.5 mg daily was evaluated in 24 Japanese CRPC men retrospec-
tively [33]. All patients received CAB followed by one or more other hormonal 
regimens, including three post-docetaxel patients. The PSA response rate was 
70% and the median time to progression was 300 days. One patient experienced 
hearing failure and terminated the administration 56 days after with uneventful 
recovery. Onishi et  al. reported the efficacy of oral EE treatment at a dose of 
1.5 mg daily for 20 metastatic CRPC patients retrospectively [34]. After failure 
with LHRH agonist, PSA response of the first EE treatment was observed in 14 
patients (70%) and the median time to progression was 7 months. Interestingly, 
after the first EE treatment failure they received median number of two other 
hormonal regimens including docetaxel, enzalutamide, and abiraterone acetate, 
and again they underwent rechallenge with EE. PSA response of rechallenge EE 
was 33.3% and the median time to progression was 4 months, including multiple 
rechallenges with EE. In terms of PSA response of first rechallenge with EE, it 
was 35% (7 out of 20) according to their report. A post hoc analysis of 
COU-AA-302 demonstrated that subsequent abiraterone acetate plus prednisone 
treatment following initial abiraterone acetate plus prednisone administration 
had limited efficacy; the PSA response rate was 44% and the median time to PSA 
progression was 3.9 months [35]. Therefore, although the efficacy of rechallenge 
with EE appeared to be less than that seen with initial EE treatment, oral EE 
might be a treatment choice for metastatic CRPC patients.
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26.4  Benefit of Using Estrogen-Based Compounds 
as Therapeutic Options for CRPC

Cardiovascular events associated with administration of oral estrogen attributed to 
the effects of first-pass hepatic metabolism on coagulation molecules [3]. Therefore, 
parental administration of estrogen, avoiding the first-pass hepatic metabolism, 
might reduce the complications. Actually, PATCH trial conducted in UK revealed 
that the rate of cardiovascular events in men receiving estrogen patches was similar 
to that in men receiving LHRH agonist, although they were excluding patients with 
high baseline risks of cardiovascular events [36]. Moreover, they showed that paren-
tal estrogen administration by patches could lead to castrate testosterone concentra-
tions like those achieved with LHRH agonist in men with locally advanced or 
metastatic prostate cancer [36]. Importantly, parental estrogen administration by 
patches could avoid the bone mineral density loss associated with LHRH agonist 
treatment. Mean fasting serum glucose levels and cholesterol concentration had 
increased in the LHRH agonist group but decreased in the estrogen patches group, 
showing that estrogen treatment has beneficial effects for metabolic status [36]. Hot 
flushes were more frequently seen in patients receiving LHRH agonist group than 
in the estrogen patch group [36, 37]. Whether the same beneficial effects can be 
seen by EMP used against CRPC has not yet been confirmed and reported. But 
recognition of considerable morbidity resulting in osteoporosis, hot flashes, cogni-
tive dysfunction, and others by current conventional androgen deprivation therapies 
and the introduction and expanding indications of new potential hormone therapies, 
such as abiraterone acetate with prednisone and enzalutamide, led us to reconsider 
the old but still attractive compounds for the treatment not only CRPC but also 
every stage of prostate cancer.
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Abstract
Corticosteroids have been used in the management of castration-resistant pros-
tate cancer (CRPC) as a monotherapy or in combination with abiraterone acetate, 
docetaxel, or cabazitaxel. Several corticosteroids with varied potencies are used 
at different doses in daily medical practice. Although prednisolone or prednisone 
is the most commonly used corticosteroid in clinical trials, dexamethasone, coin-
cident with its more intense glucocorticoid activity with less mineralocorticoid 
activity, has shown higher antitumor activity than prednisolone or prednisone 
without proven survival benefit.

In addition to the suppression of adrenal androgens, GR-mediated NF-κB 
inhibition is a potential mechanism of the action for dexamethasone in 
CRPC. Since long-term use of corticosteroids including dexamethasone is asso-
ciated with multiple adverse events, a careful consideration of sequencing mul-
tiple therapies including corticosteroids is required. In this chapter, the biological 
antitumor activity, clinical benefits, and risks of corticosteroids in CRPC were 
discussed.
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27.1  Introduction

Corticosteroids have been widely used for advanced malignant tumors to palliate 
tumor-related symptoms such as pain and appetite loss. In prostate cancer, cortico-
steroids have been used as secondary hormonal treatment for patients with 
castration- resistant prostate cancer (CRPC) and are currently used to ameliorate 
toxic effects of abiraterone, docetaxel, or cabazitaxel in addition to managing 
tumor-related symptoms.

Regardless of these beneficial effects, the long-term use of corticosteroids has 
been associated with their own toxicities, including adrenal insufficiency, hypergly-
cemia, edema, osteoporosis, osteonecrosis, and immunosuppression.

In this chapter, the biological antitumor activity, clinical benefits, and risks of 
corticosteroids in CRPC were reviewed, and the treatment implications of cortico-
steroid use were discussed.

27.2  Biological Antitumor Activity of Corticosteroids in CRPC

It has been assumed that corticosteroids play a role in CRPC by suppression of the 
secretion of adrenocorticotrophic hormone (ACTH). The inhibition of ACTH leads 
to suppress adrenal androgen production. In a prospective study in 37patients with 
symptomatic metastatic CRPC (mCRPC), pain and quality of life were improved in 
38% of patients treated with low-dose prednisone (7.5–10 mg daily) [1]. Symptomatic 
response was associated with a decrease in serum concentration of adrenal andro-
gens. The results support the hypothesis that the inhibition of adrenal androgen 
secretion may be the part of the mechanism of action of prednisone in CRPC.

Abiraterone acetate, which is a selective inhibitor of cytochrome P450 c17 
(CYP17) and blocks androgen biosynthesis, is approved for the treatment of 
mCRPC. In the use of abiraterone acetate, concomitant corticosteroids are required 
to manage the side effects of secondary mineralocorticoid excess that occurs as a 
result of loss of feedback inhibition of ACTH.

In addition to any effects that result from suppression of ACTH, corticosteroids 
can inhibit the growth of prostate cancer through the induction of growth-inhibitory 
cytokines or the inhibition of growth-stimulatory cytokines. In the androgen- 
independent prostate cancer cell line PC-3, dexamethasone showed the cell growth 
inhibition through the induction of transforming growth factor-β1 [2], whereas 
dexamethasone suppressed the production of several cytokines in DU145, androgen- 
independent prostate cancer cell line [3–5].

The biologic actions of corticosteroids occur in cells that express glucocorticoid 
receptors (GRs). In this regard, we checked mRNA and protein expression in the 
human prostate cancer cell lines LNCaP (androgen-sensitive cell line), DU145, and 
PC-3 by RT–PCR and Western blot analysis, respectively. GR-specific mRNA and 
protein were detected in DU145 and PC-3 cells but not in LNCaP cells (Fig. 27.1). 
However, in vitro GR levels are decreased by dexamethasone in a dose-dependent 
manner in DU145 and PC-3 cell lines (Fig. 27.2). The decrease in GR levels may 
explain the lack of an antitumor effect of high-dose dexamethasone in a previous 
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clinical study [6, 7]. To determine whether dexamethasone (10−9 to 10−6 M) affects 
the growth of prostate cancer cells in vitro, we performed 5-day cell growth assays 
using LNCaP, DU145, and PC-3 cell lines. In accordance with GR expression, 
dexamethasone inhibited the growth of DU145 (10−8 to 10−6 M) and PC3 (10−7 M) 
but not LNCaP cells.

DU145 PC3LNCaPM

RT-PCR

GR

Western Blot

91

45

132
(kDa) PC3DU145LNCaP

GR

Fig. 27.1 GR expression in prostate cancer cell lines
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Fig. 27.2 GR protein levels are decreased by dexamethasone in a dose-dependent manner in 
DU145 and PC-3 cell lines. ETOH ethanol, DEX dexamethasone
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GR have been shown to crosstalk with other transcription factors in modulating 
gene expression [8]. One such transcription factor is NF-κB [9]. We assessed the 
effects of dexamethasone on the NF-κB activity in DU145 cells. DU145 cells were 
treated with dexamethasone (10−8 to 10−5 M) for 48 h, and the protein levels of p65, 
one of the components of NF-κB, and IκB, one of the natural cytoplasmic inhibitors 
of NF-κB, were analyzed by Western blot analyses. The levels of IκB, but not of 
NF-κB, increased in a dose- dependent manner in dexamethasone-treated cells 
(Fig. 27.3a).

Since IκB binds to NF-κB in cytosol to prevent nuclear localization of NF-κB, 
we tested the subcellular localization of NF-κB in DU145 cells by indirect immuno-
fluorescence. In contrast to both the nuclear and cytoplasmic compartments in con-
trol ethanol-treated DU145 cells, NF-κB localized only to the cytoplasmic 
compartment, which was accompanied by a loss in localization to the nuclear com-
partment, in dexamethasone-treated DU145 cells (Fig. 27.3b).

NF-κB is a key regulator of several cytokine growth factors, including IL-6 [10], 
IL-8, and VEGF. IL-6 has been shown to be an autocrine growth factor for prostate 
cancer cells [11, 12]. IL-8 and VEGF are two major angiogenic factors which may 
promote prostate cancer growth [4]. We tested whether dexamethasone affects IL-6, 
IL-8, and VEGF production in DU145 cells. After 48 h, the mean secretory levels of 
IL-6, IL-8, and VEGF in conditioned medium from dexamethasone-treated DU145 
cells were significantly lower than that in conditioned medium from ethanol-treated 
control cells (Fig. 27.4). These results suggest that corticosteroids act through GR 
in prostate cancer cells and suppress cytokine growth factors by inhibiting NF-κB 
activation.

NF-kB

Control

DEX 10-8 M 48 hrs

NFκB

DEX
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Fig. 27.3 Protein levels of NF-κB and IκB in dexamethasone treated DU-145 cells (a). Cellular 
localization of NF-κB in ethanol or dexamethasone treated DU-145 cells. Nuclear staining is attenu-
ated in dexamethasone treated DU-145 cells (b). Ethanol was used as control. DEX dexamethasone
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We next asked whether dexamethasone could also inhibit the growth of DU145 
xenograft tumors in athymic nude and SCID mice. Since low-dose dexamethasone 
demonstrated clinical benefits in patients with CRPC [13], a dose of 1 μg per mouse 
three times per week was selected to mimic a similar low-dose dexamethasone regimen 
in these xenograft models. After 8 weeks, the mean tumor volume in the dexamethasone- 
treated nude mice was statistically significantly smaller (P < 0.006) than that in the 
control mice (Fig. 27.5a). After 7 weeks, the mean tumor volume in the dexametha-
sone-treated SCID mice was also statistically significantly smaller (P < 0.026) than that 
in the control mice (Fig. 27.5b). These results indicated that in vivo administration of 
low-dose dexamethasone inhibits the growth of androgen- independent prostate can-
cers. The levels of GR expression in these xenograft tumors were apparently unchanged. 
Thus, low-dose dexamethasone may continue to inhibit the proliferation of prostate 
cancer cells in vivo because GR expression is maintained.

27.3  Clinical Benefits of Corticosteroids in CRPC

Although corticosteroids have been used to treat patients with CRPC, there are sev-
eral types of corticosteroids that have been used in different doses for clinical trials 
in prostate cancer.

The majority of studies used prednisolone, prednisone, or hydrocortisone to 
achieve suppression of adrenal androgen as a secondary hormonal therapy or as the 
control intervention in phase 3 trials of systemic chemotherapy in CRPC [3, 14–18]. 
According to these studies, a PSA decline of >50% was noted in 9–34% of patients 
[14, 15, 17, 18] and pain relief was noted in 12–38% [3, 15]. Overall median surviv-
als were reported to be approximately 12 months [14, 17].

There have been fewer studies used dexamethasone for CRPC [13, 19–21]. In 
our prospective study, dexamethasone was chosen for its very intense 
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glucocorticoid activity with little mineralocorticoid activity. In regard to dose of 
dexamethasone, no reports to date have shown a clear dose-response effect for dexa-
methasone. Furthermore, high doses of dexamethasone possibly produce adverse 
effects such as Cushing syndrome. Therefore, we administered low doses of dexa-
methasone starting from 0.5 mg to 1 mg/day for the treatment of CRPC. Thirty-two 
patients with metastatic CRPC typically received 0.5 mg twice daily, whereas five 
patients with non-metastatic CRPC received 0.5  mg once daily. The maximum 
doses varied from 0.5 mg/day in 2 patients to 1 mg/day in 13 patients, 1.5 mg/day 
in 19 patients, and 2 mg/day in 3 patients. The duration of dexamethasone treatment 
ranged from 1 to 22 months (median, 7 months).

Twenty-three patients (62%) have had a PSA decline of ≧ 50%, and the median 
response duration was 9 months. Among the 25 patients who were treated with dose 
escalation, 5 experienced additional PSA declines. Among the four patients who 
had experienced antiandrogen withdrawal syndrome, all had a PSA decline of ≧ 
75% after dexamethasone therapy.

Among 32 patients assessable for a change in their hemoglobin level, 21 patients 
(65%) had an increase in their hemoglobin level of at least 1 g/dL and 10 patients 
(31%) had an increase of at least 2 g/dL, whereas only 2 patients (6%), including 1 
patient with rectal bleeding, demonstrated a decrease in their hemoglobin level of 
>1 g/dL. The majority of patients with a change in their hemoglobin level of <1 g/
dL had a hemoglobin level of ≧13 g/dL at baseline. Since anemia in patients with 
CRPC has been linked to both poor physical status and poor prognosis, improve-
ment of anemia may be one of notable benefits of dexamethasone therapy.

To compare the activity of prednisolone and dexamethasone, a single-center, ran-
domized, phase 2 trial was conducted in 82 men with chemotherapy-naive CRPC 
[21]. Prednisolone 5 mg twice daily versus dexamethasone 0.5 mg once daily versus 
intermittent dexamethasone 8  mg twice daily on days 1–3 every 3 week was 
assigned. The intermittent dexamethasone arm was stopped because of lack of anti-
tumor activity. A PSA decline of ≧ 50% was noted in 47% of patients with dexa-
methasone versus 24% of patients with prednisolone, respectively (p  =  0.05). 
Median time to PSA progression was 9.7  months on dexamethasone versus 
5.1 months on prednisolone. Among 23 patients who crossed over to dexametha-
sone at PSA progression on prednisolone, 7 of the 19 evaluable patients (37%) 
achieved a PSA decline of ≧ 50% on dexamethasone. Among 43 patients with mea-
surable disease, the response rate by RECIST was 15% (3 of 20) and 6% (1 of 18) 
for dexamethasone and prednisolone, respectively (p = 0.6). Clinically significant 
toxicities were rare. These results indicate the superiority of dexamethasone over 
prednisolone in the treatment of CRPC.

27.4  Adverse Events of Daily Use of Corticosteroids

Regardless of types and doses of corticosteroids, their long-term use has been asso-
ciated with multiple adverse events, including hyperglycemia, infection, muscle 
weakness, insomnia, osteoporosis, necrosis of the jaw, edema, weight gain, cataract, 
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immunosuppression, and adrenal insufficiency. Since the total dose exposure is 
reported to be associated with the increased risk of these adverse events, care should 
be taken for patients with mCRPC who may be treated with multiple lines of ther-
apy including corticosteroids, either as a single agent or in combination.

Although a meta-analysis of randomized clinical trials comparing prednisone 
with other agents did not show significant differences in survival [22], the result was 
limited because the trials were not designed to assess the impact of prednisone on 
survival.

A retrospective analysis of patients treated with enzalutamide in the AFFIRM 
trial showed that men receiving corticosteroids at baseline had a significantly worse 
survival than those who did not [23]. Meanwhile, another retrospective analysis of 
patients treated with abiraterone acetate in the COU-AA-301 trial showed that cor-
ticosteroids at baseline did not impact on overall survival [24]. Since these results 
are inconsistent, further study is needed to elucidate the impact of corticosteroid use 
on survival in patients with CRPC.

Preclinical data have suggested that corticosteroids may promote the growth of 
prostate cancer. Enzalutamide resistance may occur through the upregulation of the 
GR by bypassing the androgen receptor (AR) blockade in prostatic cancer cells. In 
models of prostate cancer, GR expression is induced in the androgen-depleted state, 
and corticosteroid-GR complex induces the expression of tumor promoting genes, 
which overlap with genes promoted by AR activation [25]. These alterations of GR 
downstream may lead to tumor growth and enzalutamide resistance [26].

 Conclusions
Corticosteroids have long played an important role in the management of pros-
tate cancer as a monotherapy or in combination with abiraterone acetate, 
docetaxel, or cabazitaxel. Although prednisolone or prednisone is the most com-
monly used corticosteroid in clinical trials, dexamethasone has shown higher 
antitumor activity than prednisolone or prednisone without proven survival ben-
efit. In addition to the suppression of adrenal androgens, GR-mediated NF-κB 
inhibition may be one the mechanism of the action for dexamethasone in 
CRPC. However, long-term use of corticosteroids including dexamethasone is 
associated with multiple adverse events including hyperglycemia, infection, and 
adrenal insufficiency. Therefore, a careful consideration of sequencing multiple 
therapies including corticosteroids is required. Further studies are needed to 
determine optimal use of corticosteroids for CRPC.

References

 1. Tannock I, Gospodarowicz M, Meakin W, et al. Treatment of metastatic prostatic cancer with 
low-dose prednisone: evaluation of pain and quality of life as pragmatic indices of response. J 
Clin Oncol. 1989;7:590–7.

 2. Reyes-Moreno C, Frenette G, Boulanger J, Lavergne E, Govindan MV, Koutsilieris 
M. Mediation of glucocorticoid receptor function by transforming growth factor beta I expres-
sion in human PC-3 prostate cancer cells. Prostate. 1995;26:260–9.

K. Nishimura



265

 3. Nishimura K, Nonomura N, Satoh E, et al. Potential mechanism for the effects of dexametha-
sone on growth of androgen-independent prostate cancer. J Natl Cancer Inst. 2001;93:1739–46.

 4. Yano A, Fujii Y, Iwai A, Kageyama Y, Kihara K. Glucocorticoids suppress tumor angiogenesis 
and in vivo growth of prostate cancer cells. Clin Cancer Res. 2006;12:3003–9.

 5. Yano A, Fujii Y, Iwai A, Kawakami S, Kageyama Y, Kihara K. Glucocorticoids suppress tumor 
lymphangiogenesis of prostate cancer cells. Clin Cancer Res. 2006;12:6012–7.

 6. Tuttle RM, Loop S, Jones RE, Meikle AW, Ostenson RC, Plymate SR. Effect of 5- alphareductase 
inhibition and dexamethasone administration on the growth characteristics and intratumor 
androgen levels of the human prostate cancer cell line PC-3. Prostate. 1994;24:229–36.

 7. Weitzman AL, Shelton G, Zuech N, Owen CE, Judge T, Benson M, et al. Dexamethasone does 
not significantly contribute to the response rate of docetaxel and estramustine in androgen 
independent prostate cancer. J Urol. 2000;163:834–7.23.

 8. Herrlich P. Cross-talk between glucocorticoid receptor and AP-1. Oncogene. 2001;20:2465–75.
 9. De Bosscher K, Vanden Berghe W, Vermeulen L, Plaisance S, Boone E, Haegeman 

G. Glucocorticoids repress NF-kappaB-driven genes by disturbing the interaction of p65 with 
the basal transcription machinery, irrespective of coactivator levels in the cell. Proc Natl Acad 
Sci U S A. 2000;97:3919–24.

 10. Yamamoto Y, Gaynor RB. Therapeutic potential of inhibition of the NF-κB pathway in the 
treatment of inflammation and cancer. J Clin Invest. 2001;107:135–42.

 11. Chung TD, Yu JJ, Spiotto MT, Bartkowski M, Simons JW.  Characterization of the role of 
IL-6 in the progression of prostate cancer. Prostate. 1999;38:199–207.

 12. Okamoto M, Lee C, Oyasu R.  Interleukin-6 as a paracrine and autocrine growth factor in 
human prostatic carcinoma cells in vitro. Cancer Res. 1997;57:141–6.

 13. Nishimura K, Nonomura N, Yasunaga Y, et al. Low doses of oral dexamethasone for hormone- 
refractory prostate carcinoma. Cancer. 2000;89:2570–6.

 14. Kantoff PW, Halabi S, Conaway M, Picus J, Kirshner J, Hars V, et al. Hydrocortisone with or 
without mitoxantrone in men with hormone-refractory prostate cancer: results of the cancer 
and leukemia group B 9182 study. J Clin Oncol. 1999;17:2506–13.

 15. Tannock I, Osoba D, Stockler MR, Ernst DS, Neville AJ, Moore MJ, et al. Chemotherapy with 
mitoxantrone plus prednisone or prednisone alone for symptomatic hormoneresistant prostate 
cancer: a Canadian randomized trial with palliative endpoints. J Clin Oncol. 1996;14:1756–64.

 16. Small EJ, Vogelzang NJ. Second-line hormonal therapy for advanced prostate cancer: a shift-
ing paradigm. J Clin Oncol. 1997;15:382–8.

 17. Sartor O, Weinberger M, Moore A, Li A, Figg WD. Effect of prednisone on prostate-specific 
antigen in patients with hormone-refractory prostate cancer. Urology. 1998;52:252–6.

 18. Kelly WK, Curley T, Leibretz C, Dnistrian A, Schwartz M, Scher HI. Prospective evaluation 
of hydrocortisone and suramin in patients with androgen-independent prostate cancer. J Clin 
Oncol. 1995;13(9):2208–13.

 19. Storlie JA, Buckner JC, Wiseman GA, Burch PA, Hartmann LC, Richardson RL. Prostate spe-
cific antigen level and clinical response to low dose dexamethasone for hormonerefractory 
metastatic prostate carcinoma. Cancer. 1995;76:96–100.

 20. Venkitaraman R, Thomas K, Huddart RA, Horwich A, Dearnaley DP, Parker CC. Efficacy of 
low-dose dexamethasone in castration-refractory prostate cancer. BJU Int. 2008;101(4):440–3.

 21. Venkitaraman R, Lorente D, Murthy V, et al. A randomised phase 2 trial of dexamethasone 
versus prednisolone in castration-resistant prostate cancer. Eur Urol. 2015;67:673–9.

 22. Morgan CJ, WK O, Naik G, Galsky MD, Sonpavde G.  Impact of prednisone on toxicities 
and survival in metastatic castration-resistant prostate cancer: a systematic review and meta- 
analysis of randomized clinical trials. Crit Rev Oncol Hematol. 2014;90:253–61.

 23. Scher HI, Fizazi K, Saad F, et al. Association of baseline corticosteroid with outcomes in a 
multivariate analysis of the phase 3 Affirm study of enzalutamide (ENZA),an androgen recep-
tor signaling inhibitor (ARSI). European Society for Medical Oncology meeting, Vienna, 
Austria; September 28–October 2, 2012.

 24. Montgomery B, Kheoh T, Molina A, Li J, Bellmunt J, Tran N, Loriot Y, Efstathiou E, Ryan CJ, 
Scher HI, de Bono JS. Impact of baseline corticosteroids on survival and steroid androgens in 

27 Corticosteroid Therapy for CRPC



266

metastatic castration-resistant prostate cancer: exploratory analysis from COU-AA-301. Eur 
Urol. 2015;67(5):866–73.

 25. Arora VK, Schenkein E, Murali R, et al. Glucocorticoid receptor confers resistance to antian-
drogens by bypassing androgen receptor blockade. Cell. 2013;155:1309–22.

 26. Sharifi N. Steroid receptors aplenty in prostate cancer. N Engl J Med. 2014;370:970–1.

K. Nishimura



267© Springer Nature Singapore Pte Ltd. 2018
Y. Arai, O. Ogawa (eds.), Hormone Therapy and Castration Resistance 
of Prostate Cancer, https://doi.org/10.1007/978-981-10-7013-6_28

H. Enokida, M.D., Ph.D.
Department of Urology, Graduate School of Medical and Dental Sciences, Kagoshima 
University, Kagoshima, Japan
e-mail: enokida@m.kufm.kagoshima-u.ac.jp

28microRNA Analysis in Prostate Cancer

Hideki Enokida

Abstract
microRNAs (miRNAs), a class of small noncoding RNAs, regulate protein- 
coding gene expression by repressing translation of RNA transcripts in a 
sequence-specific manner. Aberrantly expressed miRNAs contribute to cancer 
initiation, progression, metastasis, and drug resistance by targeting several 
cancer- related genes in various malignancies including prostate cancer (PCa). In 
the present review, we focused on 91 reliable papers investigating tumor- 
suppressive (TS) or oncogenic (Onco) miRNAs and their target genes. Several 
TS-miRNAs are located on different chromosomal regions, suggesting stable 
expression of TS-miRNAs might be warranted to prevent carcinogenesis in cases 
of inactivation of the miRNAs’ expression due to genomic methylation, deletion, 
or mutation. On the other hand, several miRNAs are located in close proximity 
in the same genomic region; this is called a miRNA cluster. Because of their 
simultaneous expression, common target genes of miRNAs within a cluster may 
be important for PCa biology. We also discuss the functional significance of the 
differentially expressed miRNAs and the molecular pathways/targets through 
focusing androgen receptor (AR)-related miRNAs, bone metastasis-related miR-
NAs, and taxane-based chemotherapy resistance-related miRNAs in hormone- 
sensitive (HS) and castration-resistance PCa (CRPC). The miRNA-mediated 
tumor biology could provide important insights into the potential mechanisms of 
PCa oncogenesis and suggest novel therapeutic strategies for PCa.
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28.1  Introduction

Human DNA contains approximately three billion base pairs. Nonetheless, the Human 
Genome Project showed that only 2% of our genome encodes functional proteins [1]. 
Specifically, ~70% of the human genome is transcribed, but 98% of the transcripts are 
not translated into proteins. These transcripts are called noncoding RNAs (ncRNAs) 
[2]. These ncRNAs can be roughly classified into two groups based on their size. The 
first group includes short RNAs (shRNAs) that are less than 200 nucleotides (nt) in 
length; the second group consists of miRNAs that are around 18–22 nt in length. Other 
classes of sRNAs include piwi-interacting RNAs (piRNAs), around 23–30  nt [3]. 
Another group includes long ncRNAs [lncRNAs] of around 200 nt or more (Fig. 28.1).

miRNAs were first discovered as novel regulators of endogenous small ncRNA 
molecules in Caenorhabditis elegans in 1993 [4]. miRNAs are currently known to 
exist ubiquitously in animals and plants, and they negatively regulate the expression 
of protein-coding genes in a sequence-specific manner [5]. Recent bioinformatic 
analyses have shown that miRNAs regulate the expression of approximately 60% of 
all genes [6, 7]. Thus, miRNAs are used by cells to fine-tune gene expression. It is 
likely that they are involved in almost all biological processes where they maintain 
homeostasis in normal cells [8].

Central dogma

DNA
2% 30%

Untranscribed
region Non-coding region

transcription

transcription

translation
(Translational inhibition)

(Epigenetic regulation)

microRNA

others snoRNA piRNA

Small ncRNA (< 200nt)

Long ncRNA (≥ 200nt)

Non-coding RNA (ncRNA)
mRNA

(Direct degradation)

Protein

(Human Genome)
approximately 70%

Current consensus

Fig. 28.1 Current consensus of epigenetic gene regulation by noncoding RNAs
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With regard to cancer cells, it was first noted in 2002 that a specific miRNA cluster 
(miR-15 and miR-16) located at chromosome 13q14 was frequently deleted/down-
regulated in B-cell chronic lymphocytic leukemia. This was the first demonstration of 
the importance of miRNA in human cancer [9]. Since then, accumulating evidence 
has shown that aberrantly expressed miRNAs contribute to cancer initiation, progres-
sion, metastasis, and drug resistance through their targeting of cancer- related genes.

In the present review, a systematic search of the PubMed database was con-
ducted, using the following terms: “prostate cancer” and “microRNA” or “microR-
NAs” or “miR” or “miRs.” The search identified a total of 907 articles at the end of 
June 2017. Among them, luciferase reporter assays, which validate direct binding 
between a miRNA and its target gene, were performed in 91 of the articles. The 
highlights of those 91 articles were reviewed for their analyses of aberrant expres-
sion of the miRNAs and their specific target genes (Tables 28.1, 28.2, and 28.3). 
Note that in the tables, “GENE ID” referred to those used by the National Center for 
Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/gene/) because 
the names of several genes were described by their alias.

Growing evidence has demonstrated that aberrantly expressed miRNAs can 
act  as oncogenic miRNAs (Onco-miRNAs) or tumor-suppressive miRNAs 
(TS-miRNAs) in PCa. miRNAs participate in target gene networks that contribute 
to tumor initiation, survival, and invasion. Consequently, many investigators have 
focused on the genes targeted by aberrantly expressed miRNAs in PCa. In this 
review, the compelling roles of miRNAs as potential oncogenes or tumor suppres-
sors are introduced and discussed. In addition, the possibility of using miRNAs as 
biomarkers for PCa is discussed.

28.2  miRNA Biogenesis

miRNAs are evolutionarily conserved and located either within the introns or exons 
of protein-coding genes (70%) or in intergenic regions (30%). Most intronic and 
exonic miRNAs are derived from their host genes, suggesting that they are tran-
scribed concurrently with their host transcripts [10].

As shown in Figs. 28.2 and 28.3, transcripts containing primary miRNAs (pri- 
miRNAs), which can vary from 200 nt to several kb in length, are capped with a 
specially modified nucleotide at the 5′-terminus. Moreover, they are polyadenylated 
with multiple adenosines at the 3′-end. Pri-miRNA is cleaved into precursor-miRNA 
(pre-miRNA, 60–70 nt in length) by RNase III (also known as Drosha). Pre-miRNA 
is exported from the nucleus into the cytoplasm by exportin-5. In the cytoplasm, 
pre-miRNA is cleaved by another RNase III enzyme, known as Dicer, into miRNA 
duplexes approximately 19–22 nt in length. One miRNA duplex is then recruited 
into the RNA-induced silencing complex (RISC) and functions to recognize com-
plementary sites within the target messenger RNA (mRNA), thereby regulating 
translation through mRNA cleavage, degradation, or transcriptional repression [10].

In normal cells, miRNAs are adequately expressed to maintain homeostasis. 
However, in cancer cells, several Onco-miRNAs are highly expressed, leading to 
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Table 28.2 Tumor-suppressive microRNA in PCa

Annotation of target 
genes

Target 
genes miRNAs

Validation in 
clinical PCa References

Apoptosis 
inhibition

BIRC5 34a-5p, 203a-3p Yes [33, 34]
PDCD10 103a-3p Yes [64]

Cell cycle CCND1 449a-5p No [94]
CCND2 let-7a-5p Yes [44]
CUL4B 421-3p Yes [93]
E2F1 330-3p Yes [89]
E2F2 let-7a-5p Yes [44]
MYC 34a-5p Yes [59]

Cytokine signaling EGFR 133a/b-3p, 574-3p, 
875-5p

Yes [14, 15, 
16]

IGF1R 125b-2, 99a-5p, 
let7c-5p

No [26]

IL6 let-7c-5p No [45]
MET 34c-5p Yes [60]

Drug resistance BECN1 144-3p Yes [68]
SLAIN1 130a-3p Yes [36]

Cancer stem cell 
features

CD44 34a-5p, 199a-3p Yes [18, 17]
KLF4 7-5p Yes [19]

ECM remodeling LAMC1 29a/b-3p Yes [56]
LOXL2 218-5p, 26a-5p, 

26b-5p, 29a/b/c-3p
Yes [51]

NR2F2 382-5p Yes [92]
EMT AGO2 100-5p Yes [63]

DLX5 203a-3p Yes [34]
FSCN1 145-5p No [70]
LASP1 218-5p Yes [82]
ZEB1 200c-3p Yes [81]
ZEB2 203a-3p Yes [34]

ERBB signaling ERBB2 125b-5p Yes [49]
PAK6 328-3p Yes [37]
TGFA 152-3p Yes [73]
ZNF217 24-3p No [50]

Glycolytic 
pathway

HK2 181b-5p Yes [76]

HIF-1 signaling EP300 574-3p Yes [14]
HIF1A 199a-5p No [80]

MAPK signaling FGFR3 573-5p Yes [97]
IPO7 22-3p No [50]
MSK1 148a-3p No [38]

p53 pathway 
inhinition

UBE4B 1301-3p No [106]

PI3K/AKT 
signaling

EIF4E 455-3p No [96]
KIDINS220 4638-5p Yes [107]

(continued)
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Table 28.2 (continued)

Annotation of target 
genes

Target 
genes miRNAs

Validation in 
clinical PCa References

Proto-oncogene NRAS 421-3p Yes [93]
RAC1 574-3p Yes [14]

TGF-beta 
signaling

ROCK1 135a-5p, 146a-5p Yes [31, 71]
ROCK2 135a-5p Yes [31]
SOX4 30a, 132-3p, 212-3p Yes [20, 21]
SP1 330-3p No [88]
TRAF4 29a-3p Yes [57]
TGFB1 675-5p No [101]

Transcription 
activation

AR 30b-3p, 30d-5p, 
124-3p, 205-5p

Yes [24, 25, 
23]

RUNX2 203a-3p Yes [34]
VEGF signaling VEGFA 29b-3p No [50]
Wnt signaling CTNNB11 320-3p Yes [87]

DIXDC1 1271-5p Yes [104]
FZD7 613-3p Yes [100]
MTDH 1297-3p Yes [105]
TCF7 34a-5p Yes [33]
WNT5A 26a-5p Yes [53]

Others AMACR 26a-5p Yes [54]
ENOS 335-5p, 543-3p Yes [90]
EZH2 Let-7c-5p Yes [27]
GOLM1 27b-3p, 143-3p, 145-5p Yes [55, 11]
HNRNPC 205-5p No [50]
HOTAIR 34a-5p No [58]
IHH 15a-5p, 16-5p Yes [32]
LARP1 26a/b-5p Yes [52]
MTA1 125a-3p No [35]
PFKFB2 421-3p Yes [93]
PRAME 421-3p Yes [93]
SWAP70 145-5p Yes [69]
WWP1 452-5p Yes [95]

Table 28.3 Oncogenic microRNA in PCa

Annotation of target 
genes

Target 
genes miRNAs

Validation in 
clinical PCa References

Apoptosis BBC3 125b-5p No [65]
CASP10 221-3p, 222-3p No [83]
FOXO1 96-5p, 370-3p Yes [62, 91]
MARCKS 21-5p No [47]
NDRG1 182-5p Yes [77]
TP53 125b-5p No [65]
TP63 301a-3p No [85]
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Annotation of target 
genes

Target 
genes miRNAs

Validation in 
clinical PCa References

Cell cycle 
inhibition

CDK13 133b-3p No [28]
CDKN1B 221-3p, 222-3p No [84]

Cytocaine signaling 
inhibition

SOCS1 30d-5p Yes [86]

PI3K/AKT 
signaling inhibition

INPP4B 590-3p Yes [99]
PTEN 22-3p, 153-3p, 19b-3p, 

23b-3p, 26a-5p, 92a-5p
Yes [49, 74, 46]

Proto-oncogene REL 574-5p Yes [98]
TGF-beta signaling 
inhibition

SMAD4 183-5p, 203a-3p, 
1260-5p

Yes [79, 34, 
103]

ARHGDIA 151a-5p Yes [72]
Transcription 
activation

FOXF2 182-5p Yes [78]

Wnt signaling 
inhibition

SFRP1 1260-5p Yes [103]
DKK3 183-5p Yes [79]
SOX17 151a-5p Yes [72]

Zinc homeostasis SLC39A1 96-5p, 182-5p, 183-5p Yes [13]
ZBTB4 93-5p, 106b-5p, 17-5p, 

20a-5p
No [12]

Others ABCA1 19a-3p, 27a-3p No [28]
BTG2 32-5p No [29]
CASZ1 151a-5p Yes [72]
CPNE3 133b-3p No [28]
FNDC3B 143-3p No [67]
GATA3 155-5p No [75]
IL1RAPL1 151a-5p Yes [72]
MSMO1 19a-3p No [28]
MTSS1 96-5p, 182-5p Yes [61, 78]
MYCBP2 1247-5p Yes [102]
N4BP1 151a-5p Yes [72]
PDS5B 27a-3p No [28]
PTPRK 133b-3p No [28]
RAB13 19a-3p No [28]
RB1CC1 133b-3p No [28]
PTCD4 21-5p No [38]
RECK 182-5p Yes [78]
SUZ12 19a-3p No [28]
UGT2B15 376c-3p No [30]
UGT2B17 376c-3p No [30]

Table 28.3 (continued)

reduced expression of tumor suppressor genes (Fig. 28.2). On the other hand, tumor- 
suppressive miRNAs (TS-miRNAs) are downregulated in cancer cells, enhancing tumor 
development (Fig.  28.3). Therefore, different expression patterns of cancer- specific 
miRNAs are observed. Identification of aberrantly expressed miRNAs is an important 
first step toward elucidating miRNA-mediated oncogenic pathways.
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Fig. 28.2 Biosynthesis of oncogenic miRNAs
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28.3  Features of miRNAs Studies in PCa

In Table 28.1, miRNAs are listed in order of miRNA number, and the validated 
target genes are indicated. Interestingly, among the 89 miRNAs examined, 56 were 
identified as TS-miRNAs, whereas 28 were Onco-miRNAs. Five miRNAs (miR- 
22- 3p, miR-26a-5p, miR-125b-5p, miR-143-3p, and miR-574-3p) were reported as 
either TS or Onco-miRNAs. In our experience, we often encountered difficulties 
with the use of anti-miRNAs in in vitro studies; however, miRNA restoration sys-
tems using miRNA transfection are well established and commercially available. 
Accordingly, the latter system may be easier to use to examine the potential tumor- 
suppressive roles of the downregulated miRNAs, perhaps explaining why studies of 
TS-miRNAs are dominant.

Several TS-miRNAs, including miR-7-5p, let-7a-5p, miR-24-3p, miR-26a-5p, 
miR-29b-3p, miR-103a-3p, miR-124-3p, miR-125b-5p, miR-133a-3p, miR-135a-5p, 
miR-181b-5p, miR-199a-3p, miR-199a-5p, miR-218-5p, and miR-320-3p, are 
located in different chromosomal regions but have common sequences in their 
mature miRNAs (Table 28.1). This suggests that the expression of these TS-miRNAs 
may be maintained by another genomic region, even though one region may be 
functionally disordered because of methylation, deletion, or mutation. This type of 
backup system is thought to have important roles in protecting normal cells from 
carcinogenesis.

Several miRNAs are located in close proximity (within 10  kbp) of the same 
genomic region; this arrangement is called a miRNA cluster [218]. Clustered miR-
NAs in PCa are also listed in Table 28.1. Because of their simultaneous expression, 
common target genes of miRNAs within a cluster may be important for tumor biol-
ogy. For example, the tumor-suppressive miR-143/145 cluster was reported in other 
malignancies [11]. In PCa, it targets the Golgi membrane protein 1 (GOLM1), and 
low expression of the cluster in PCa might contribute to tumor aggressiveness 
through GOLM1 upregulation [11]. Zinc finger and BTB domain containing 4 
(ZBTB4) is a gene that represses transcription. It is targeted by both the miR-17-92 
cluster (miRs-17-5p/20a) on chromosome (chr.) 13q31.3 and miR-106-25 cluster 
(miRs-106b/93) on chr. 7q22.1 in androgen-independent PCa cell lines. miRNAs- 
ZBTB4 interaction was disrupted by a synthetic triterpenoid methyl ester, glycyr-
rhetinic acid anti-methyl 2-cyano-3,11-dioxo-18b-olean-1,12-dien-30-oate 
(CDODA-Me) [12]. Epidemiological studies have suggested that high dietary zinc 
is associated with a decreased risk of advanced disease. Low zinc uptake into PC 
cells is caused by lower expression of the zinc transporters, including solute carrier 
family 39 member 1 (SLC39A1) (also known as HZIP1) in PCa cells. Overexpression 
of the entire miR-183-96-182 cluster suppressed the expression levels of those zinc 
transporters [13].
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28.4  Molecular Target of miRNAs in PCa

28.4.1  TS/Onco-miRNAs and Their Target Genes in PCa

Tables 28.2 and 28.3 show TS/Onco-miRNAs and their target genes in PCa. Among 
the 111 target genes examined, the expression levels in clinical PCa specimens were 
validated in 73 genes compared with those in normal bladder epithelium. Those 
target genes are arbitrarily classified into functional annotations associated with 
apoptosis, cell cycle, epithelial mesenchymal transition (EMT), drug resistance, and 
various signaling pathways including hypoxia inducible factor (HIF), mitogen- 
activated protein kinase (MAPK), phosphatidylinositol-4,5-bisphosphate 3-kinase 
catalytic subunit (PI3K)/AKT serine proteases (AKT), transforming growth factor 
beta (TGF-beta), RAS oncogenes (Ras), vascular endothelial growth factor (VEGF), 
WNT oncogenes (Wnt), and others.

Epidermal growth factor receptor (EGFR) is a critical part of the EGF cytokine 
signaling pathway. It has long been recognized as a key factor in cell growth, and its 
expression has been correlated with a high Gleason score, disease relapse, and 
hormone- refractory status in PCa [14, 15]. EGFR expression was directly repressed 
by TS-miRNAs, miRs-133a/b-3p/-574-3p/-875-5p [14–16]. Interestingly, Genistein, 
a phytoestrogenic isoflavonoid, showed antitumor effects through upregulation of 
miR-574-3p [14].

Cancer stem cells (CSCs) or tumor progenitor cells are involved in tumor pro-
gression and metastasis. CD44 is a cell surface adhesion receptor with pleiotropic 
signaling function and is highly enriched in CSCs in a variety of tumors, resulting 
in tumor development or metastasis. Several TS-miRNAs, including miR-34a-5p 
and miR-199a-3p, directly regulate CD44 and inhibit extracellular matrix (ECM) 
remodeling [17, 18]. miR-7-5p suppresses a stemness factor, the Kruppel-like factor 
4 (KLF4), and its downregulation might induce prostate CSCs via activation of 
KLF4/PI3K/Akt/p21 pathway [19].

Metformin (1,1-Dimethylbiguanide) is one of the most commonly used drugs for 
type II diabetes. Recently, multiple epidemiological studies have shown that metfor-
min may reduce cancer risk and/or improve cancer prognosis. Zhang et al. demon-
strated that metformin could inhibit TGF-beta-induced EMT. Direct repression of 
SRY-box 4 (SOX4) was caused by metformin-mediated restoration of miR-30a-5p 
[20]. Also, Fu et  al. suggested that SOX4 is a key molecule targeted by other 
TS-miRNAs (miR-132-3p and miR-212-3p) [21].

28.4.2  Androgen Receptor (AR)-Related miRNAs

The androgen receptor (AR) plays a key role both in prostate biology and in the 
progression of PCa. AR gene amplification and overexpression have been observed 
in nearly one-third of PCa cases. AR is posttranscriptionally regulated by more than 
20 miRNAs by direct binding to its 3′-untranslated region (UTR), and expressions 
of those miRNAs were markedly downregulated in clinical PCa samples [22–25].
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On the other hand, AR itself transcriptionally represses several miRNAs by 
directly binding to activating transcription factors utilized by the promoter or com-
peting for cofactors and thus interfering with their transcriptional activities. AR can 
also recruit corepressor complexes and histone modification enzymes [26]. AR 
represses miRNAs-99a/let7c/125b-2 expression by directly binding to the host gene 
of the cluster in the presence of certain chromatin remodelers (enhancer of zeste 2 
polycomb repressive complex 2 (EZH2) or lysine demethylase 6B (KDM6B)), 
resulting in upregulation of their target genes including insulin-like growth factor 1 
receptor (IGF1R). AR stimulation of PCa growth involves genes directly induced/
repressed by AR as well as genes indirectly induced by AR through the repression of 
key miRNAs [26]. Interestingly, a chromatin remodeler, EZH2, was also directly 
regulated by miR-let7c [27]. In contrast, AR directly activates transcription of miR- 
19a, miR-27a, and miR-133b by binding to their chromatin of androgen-responsive 
elements (AREs) and indirectly represses those miRNAs’ target genes [28]. AREs 
are also found in the chromosomal regions of pre-miR-32 and pre-miR-148a that 
were markedly activated in clinical castration-resistant refractory PCa (CRPC) tis-
sues. miR-32 and miR-148a directly repress the expression levels of B-cell translo-
cation gene 2 (BTG2) and phosphoinositide-3-kinase-interacting protein 1 
(PIK3IP1). BTG2 is involved in cell cycle control and the induction of apoptosis; 
PIK3IP1 is a negative regulator of the PI3K/AKT pathway. These findings suggest 
that upregulation of these Onco-miRNAs might attenuate TS genes in CRPC 
through AR-Onco-miRNAs axes [29].

Other interesting AR-miRNAs axes are evident. For example, miR-376c-3p, an 
Onco-miRNA, represses expression of two UDP-glucuronosyltransferases (UGTs) 
that inactivate testosterone and dihydrotestosterone, resulting in activating AR signal-
ing [30]. Moreover, AR activates ROCK1 and ROCK2 that belong to TGF-beta signal-
ing through downregulation of miR-135a-5p that directly binds to these genes [31].

28.4.3  Bone Metastasis-Related miRNAs

Skeletal metastases occur in more than 80% of patients with advanced-stage PCa. 
Bonci et  al. demonstrated that downregulation of miR-15a and miR-16 leads to 
bone metastasis via upregulating the Indian hedgehog (IHH) gene involved in 
hedgehog signaling [32]. Chen et al. reported that restoration of miR-34a5p expres-
sion inhibited bone metastasis through direct targeting of transcription factor 7 
(TCF7), a key gene in the Wnt signaling pathway in Ras signaling-activated PCa 
cells [33]. Interestingly, a direct link between miR-34a-5p activity and the Ras sig-
naling pathway was shown by p53-transactivated miR-34a-5p, where the pathway 
reduces the expression of p53, which in turn suppresses the posttranscriptional 
activity of miR-34a-5p [33]. Saini et al. found that miR-203a-3p directly regulated 
several EMT-related genes, including baculoviral IAP repeat containing 5 (BIRC5) 
(alias, Survivin), Distal-less homeobox 5 (DLX5), Runt-related transcription factor 
2 (RUNX2), SMAD family member 4 (SMAD4), and zinc finger E-box binding 
homeobox 2 (ZEB2). miR-203a-3p markedly inhibited bone metastasis in mice fol-
lowing intravenous injection of miR-203a-3p-expressing PCa cells [34].
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28.4.4  Taxane-Based Chemotherapy Resistance-Related miRNAs

Taxane-based regimens are considered by many to be the best chemotherapy and are 
believed to offer symptomatic and survival benefits in patients with metastatic 
CRPC [35]. However, the mechanisms of resistance to taxane chemotherapy remain 
largely unknown. Liu et al. reported that inhibition of miR-125a-3p significantly 
increased docetaxel resistance in PC-3 cells, whereas upregulation of miR-125a-3p 
effectively reduced docetaxel resistance in docetaxel-resistant PC-3R cells, suggest-
ing that this miRNA may act as a tumor suppressor through regulating metastasis- 
associated protein 1(MTA1) that is associated with chromosomal acetylation [35]. 
miR-130a also activates apoptotic signaling in paclitaxel-resistant PCa cells via tar-
geting of SLAIN1, which is one of the microtubule plus-end tracking proteins 
involved in the regulation of microtubule dynamics [36]. miR-328 was upregulated 
in CRPC cells, and it could enhance docetaxel sensitivity through reducing p21 
(RAC1)-activated kinase 6 (PAK6), a serine threonine kinase in the PAK family 
[37]. A famous Onco-miRNA, miR-21, is also associated with docetaxel resistance 
through targeting of programmed cell death protein 4 (PDCD4) that has been shown 
to be involved in the sensitivity to chemotherapy [38].

28.5  miRNAs as Potential Biomarkers in PCa

Currently, detection of prostate-specific antigen (PSA) in serum is the best available 
biomarker for diagnosis and response to treatment of PCa. In spite of that, identifi-
cation of more sensitive and more specific biomarkers for early diagnosis of PCa is 
both important and necessary for patients to receive timely treatment. In that regard, 
certain circulating miRNAs appear in cell-free body fluids such as serum and 
plasma. Tumor cells release miRNAs into the circulation, and profiles of miRNAs 
are altered in the plasma and/or serum of patients with cancer, suggesting that it 
might be possible to use circulating miRNAs as novel noninvasive biomarkers in 
diagnosing and monitoring cancer patients. Yin et al. retrospectively analyzed ten 
publications, and the pooled results showed that circulating miRNAs (i.e., miR-21, 
miR-26a, miR-32, miR-221) have a relatively good diagnostic performance, with a 
sensitivity of 0.74, a specificity of 0.71, and an area under the bivariate summary 
receiver operator characteristic (SROC) curve (AUC) of 0.77  in indiscriminating 
PCa from controls [39]. Their results suggested the potential use of circulating miR-
NAs in the early diagnosis of PCa, especially the combination of multiple circulat-
ing miRNAs.

Recently, several studies shed light on exosomal miRNAs as biomarkers for PCa. 
Exosomes are membrane vesicles ranging in size from 30 to 100  nm. They are 
widely distributed in the blood, urine, and other bodily fluids. Stable miRNAs can 
be detected in exosomes, as well as in serum, and the majority of serum-circulating 
miRNAs are enriched in exosomes. In a retrospective study, Li et al. revealed that 
the level of serum exosomal miR-141 was significantly higher in PCa patients than 
in benign prostatic hypertrophy (BPH) patients or healthy controls. Moreover, ROC 
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curve analysis showed that serum exosomal miR-141 yielded an AUC of 0.8694, 
with 80% sensitivity and 87.1% specificity in discriminating patients with meta-
static PCa from the patients with localized PCa [40]. Huang et al. demonstrated that 
the expression levels of plasma exosomal miR-1290 and miR-375 were significantly 
associated with overall survival in a follow-up cohort of 100 CRPC patients [41]. 
However, these studies were retrospectively performed with very small cohorts, and 
large-scale prospective studies are needed to further validate their findings.

28.6  Future Perspective: Clinical Application of miRNAs 
in PCa

Recent studies have shown that some miRNAs control the activity of major cancer- 
related signaling molecules. Thus, identification of instances of aberrant miRNA 
expression and oncogenic/tumor-suppressive molecular targets of miRNAs would 
greatly assist the clinical development of novel cancer therapeutics. Because many 
TS-miRNAs and their target oncogenes are components of complex molecular net-
works, treatment with multiple miRNAs may provide stronger anticancer effects 
than treatment with a single miRNA. In an interesting study by Liu et al., new vec-
tors, termed “miRNA-mowers,” which contained the entire sequence of the onco-
miR-183-96-182 cluster, were constructed. Transfection of the miRNA- mowers 
strongly inhibited cell growth and migration and induced apoptosis in vitro, sug-
gesting the usefulness of targeting multiple Onco-miRNAs [42]. Chitosan, a bio-
compatible, low-immunogenic, and cytotoxic polymer, could be a useful candidate 
for various biomedical applications, including drug delivery. In fact, a recent study 
demonstrated that miR-34a-chitosan nanoparticles could be successfully delivered 
to PCa xenografts by in vivo tail vein injection. The nanoparticles inhibited prostate 
cancer growth in xenografts and showed tumor-suppressive effects on bone meta-
static regions in mice [43]. However, the use of miRNA in a drug delivery system 
(DDS) has not yet been widely accepted. The development of an adequate DDS for 
TS-miRNAs could be a novel and useful approach to cancer therapeutics. Otherwise, 
it will be difficult to determine the value of miRNAs as a therapeutic modality in the 
future.
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Abstract
Androgen deprivation therapy has been the standard treatment for patients with 
advanced prostate cancer. Androgen deprivation therapy initially suppresses the 
growth of prostate cancer. However, most patients eventually progress to 
castration- resistant prostate cancer. Antiandrogens including enzalutamide and 
abiraterone acetate are recently able to be used for the patients with castration- 
resistant prostate cancer. Even so, the therapeutic options for castration-resistant 
prostate cancer are not enough. Androgen receptor splice variants have been 
attracted attention as one of the mechanisms for castration-resistant prostate can-
cer. Several androgen receptor splice variants lack the ligand-binding domain, 
and antiandrogens targeting the ligand-binding domain have little suppression on 
the growth of prostate cancer. Importantly, the androgen receptor splice variant 
lacking the ligand-binding domain functions as a constitutively active androgen 
receptor in the absence of androgen. In this chapter, androgen receptor splice 
variants are summarized.
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29.1  Androgen Receptor

Androgen deprivation therapy (ADT) has been the standard treatment for patients 
with advanced prostate cancer (PCa) since Huggins et  al. reported the effects of 
castration on PCa [1]. ADT is initially effective for inhibiting the growth of 
androgen- dependent PCa, suppressing the progression of PCa. However, most 
patients treated with current ADT eventually progress to castration-resistant PCa 
(CRPC) [2, 3]. One of the recently proposed mechanisms for CRPC involves the 
androgen receptor (AR) splice variant [4–6].

AR plays a key role in the growth and progression of PCa. Complementary DNA 
encoding AR was first cloned by Chang et  al. in 1988 [7]. The human AR gene 
comprises eight exons, and the AR protein is composed of several functional 
domains, including the NH2-terminal transactivation domain (NTD) encoded by 
exon 1, the central DNA-binding domain (DBD) encoded by exons 2 and 3, a hinge 
region encoded by exon 5, and a COOH-terminal ligand-binding domain (LBD) 
encoded by exons 6–8 [5, 6, 8]. The full-length AR is a 110-kDa steroid receptor. 
Androgen binds to the AR LBD in the cytoplasm, leading to entry into the nucleus 
and transcriptional activation of AR-targeted genes.

29.2  Truncated Androgen Receptor

In 2002, a truncated AR with a mass of 75–80 kDa was displayed in the CWR22Rv1 
cell line. The origin of CWR22Rv1 cells differs from those of other CRPC cell 
lines, such as C4-2 or C81, which were derived from lymph node metastatic PCa 
(LNCaP) [9–12]. CWR22 xenografted tumor was established from a human pri-
mary prostate tumor obtained from a patient with bone metastases [13, 14]. 
CWR22Rv1 is a human castration-resistant PCa cell line derived from the CWR22R 
subline, which was isolated from a recurrent tumor comprising androgen-dependent 
CWR22 cells in castrated mice [15, 16]. The AR mutation occurred in a relapsed 
tumor and involved androgen-independent features.

29.3  Androgen Receptor Splice Variants Lacking the Ligand- 
Binding Domain

The truncated receptor has been suggested to be derived from the aberrant splicing. 
In 2008, an AR splice variant lacking a portion of the LBD was first reported [17]. 
Subsequently, a variety of AR splice variants lacking LBD have been discovered 
(Fig. 29.1). Although the specific truncation points differ, AR splice variants have 
been reported to be able to transactivate AR-targeted genes in the absence of andro-
gens [17–21].

In 2008, Dehm et al. performed 3′ RACE with an exon 1-anchored primer and 
identified a novel AR exon (named “exon 2b”) in intron 2 in the CWR22Rv1 cells 
[17]. Exon 2b included stop codons, and splicing of exon 2b generated two 
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truncated ARs, termed “AR1/2/2b” and “AR1/2/3/2b.” These new AR splice variants 
lacked the LBD but were found to promote AR-targeted transcriptional activities in 
the absence of androgen. Moreover, androgens had no effect on the activities of 
these AR splice variants.

In January 2009, Hu et al. identified several cryptic AR exons and reported seven 
AR splice variants (named AR-V1 to AR-V7) in cell lines and clinical specimens 
[19]. They confirmed that three cryptic exons (named CE1, CE2, and CE3) in intron 
3 were joined to exon 3 and one cryptic exon (named CE4, identical to exon 2b as 
reported by Dehm et al. [17]) in intron 2 was contained in two splice variants (AR- 
V3 and AR-V4). Splicing of the intronic cryptic exons produced AR splice variants 
lacking the LBD. Importantly, AR-V1 and AR-V7 have been detected in specimens 
of human prostate tissue, with expressions under quantitative real-time PCR ele-
vated by an average of 20-fold in CRPC compared with hormone-naive PCa. 
Polyclonal antibodies specific for AR-V7 have been established, and AR-V7 has 
been detected in both cell lines and human clinical specimens.

In March 2009, Guo et al. also demonstrated three AR splice variants lacking the 
LBD (named AR3, AR4, and AR5) in androgen-independent PCa cells [18]. 
Interestingly, the translated sequences of AR3, AR4, and AR5 are identical to those 
of AR-V7, AR-V1, and AR-V4 as identified by Hu et al. [19], respectively. AR-V7/
AR3 has been confirmed as one of the major AR splice variants and is constitutively 
active in the absence of androgen. In addition, immunohistochemical analysis of 
human specimens showed that expression of AR-V7/AR3 was markedly changed in 
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CRPC. Antiandrogens targeting the LBD have shown little suppression of tumor 
cell growth for PCa with AR-V7/AR3 lacking the LBD [22].

AR-V7/AR3 by itself might be able to promote the cell growth of PCa, particu-
larly in the absence of androgen [18, 22]. Furthermore, DHT-induced AR-targeted 
genes were obviously enhanced with the addition of AR-V7/AR3 in PCa cells, sug-
gesting that AR-V7/AR3 might be able to cooperate with full-length AR to promote 
DHT-induced AR-targeted genes [21].

In 2010, Sun et al. found another AR splice variant (named ARv567es) in LuCaP 
prostate cancer xenografts [20]. ARv567es has sequences of exons 1–4 and exon 8 but 
lacks exons 5–7. ARv567es was also found to be a constitutively active receptor, 
increasing expression of full-length AR and promoting the transcriptional activities 
of AR. Interestingly, expression of ARv567es was frequently detected by PCR in 69 
metastases collected from 13 PCa patients, compared with AR-V7/AR3.

In 2011, Yang et al. reported a membrane-associated AR splice variant (named 
AR8) [23]. AR8 was composed of exons 1, 3, and 3b identical to CE3 by Hu et al. 
[19]. This unique truncated AR splice variant had no DBD or LBD and was located 
on the plasma membrane. However, AR8 still cooperated with full-length AR to 
promote the transcriptional activities of AR.

29.4  Clinical Implications of Androgen Receptor 
Splice Variants

Antiandrogens targeting the LBD would theoretically provide little suppression of 
the growth and progression of PCa with AR splice variants lacking the LBD.  In 
particular, clinical data regarding AR-V7 have been reported, and AR-V7 has the 
potential to provide a biomarker for CRPC. Expressions of AR-V7 have been shown 
to be increased in human specimens with CRPC [18, 19]. Yamashita et al. found no 
AR-V7/AR3 expression on most specimens of human benign prostate gland, weakly 
positive results in PCa cells before ADT, and increased results in PCa tissues 
obtained from the same patient after progression to CRPC [22]. In addition, patients 
with higher expression of AR-V7/AR3 show a risk of biochemical recurrence after 
radical prostatectomy [18].

In 2014, Antonarakis et al. reported detection of AR-V7 mRNA in circulating 
tumor cells (CTCs) from patients with CRPC [24]. AR-V7-positive patients showed 
little response to enzalutamide and abiraterone and shorter overall survival than 
AR-V7 negative patients. In contrast, PSA decrease during taxane treatment was 
seen in 7 of 17 AR-V7-positive patients (41%) and 13 of 20 AR-V7-negative 
patients (65%), showing no differences according to AR-V7 expression [25]. 
Onstenk et al. also demonstrated that PSA response rates to cabazitaxel did not dif-
fer in CTCs between patients with and without AR-V7 expression according to 
quantitative real-time PCR [26]. Liu et al. showed that AR-V7 and ARv567es could be 
detected using a whole-blood assay in patients with CRPC [27].

AR-V7 may become a biomarker for therapeutic approaches in CRPC 
patients. However, larger prospective trials need to be conducted to clarify the 
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efficacy of AR-V7 as a biomarker. Novel therapeutic approaches targeting not 
only full-length AR, but also AR splice variants may need to be established to 
overcome CRPC.
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Abstract
Metastasis from primary tumors is responsible for most cancer deaths. Several 
reports have suggested that early-stage cancer has the potential to begin shedding 
cancer cells into the circulation early in development. Several groups have noted 
that levels of circulating tumor cells (CTCs) in patients parallel the tumor burden 
and response to therapy. There are multiple approaches to detecting CTCs. CTCs 
at baseline are a strong, independent prognostic biomarker. In addition, measur-
ing CTCs at any time point predicts the response to therapy. The goal of the 
present chapter is to provide an update on the advances in the clinical validation 
of CTCs as a surrogate biomarker in prostate cancer patients.

Keywords
Circulating tumor cells · Castration-resistant prostate cancer · Biomarker

30.1  Introduction

Prostate-specific antigen monitoring and imaging analysis have been the standards 
for detecting prostate cancer recurrence and progression. However, the identifica-
tion of recurrence at earlier points would be extremely advantageous for immediate 
therapeutic intervention. In metastatic PCa treatments, predictors of response dur-
ing treatment may allow for appropriate modifications. To address the need for 
prognostic markers, several groups have reported that the number and characteris-
tics of circulating tumor cells (CTCs) in cancer patients parallel tumor burden and 
response to therapy [1–3]. CTCs are generally thought to detach from primary or 
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secondary tumors of patients in advanced cancer prior to detection in the circula-
tion. The developed CellSearch System (Veridex), which is approved by the Food 
and Drug Administration, was designed to detect CTCs in whole blood. Primary 
studies established that CTCs can be used in conjunction with other modalities for 
monitoring patients with several metastatic cancers [4, 5]. The malignant potential 
of CTCs has been suggested to be reflected in their morphological characteristics, 
and their attributes are thus starting to be evaluated in clinical studies in relation 
with outcome.

30.2  Prognostic Significance of CTCs in Patients 
with Castration-Resistant Prostate Cancer

Several investigators have demonstrated that CTCs predict survival pre-therapy, and 
changes in CTCs post-therapy are predictive of both PFS and OS in patients with 
CRPC [2, 3, 6–9]. de Bono et al. compared the reduction in CTCs versus reduction 
in PSA at earlier time points and revealed the limitations of PSA as a biomarker for 
survival and response to chemotherapy [2]. The persistence of CTCs after the initia-
tion of therapy suggests that patients receive less than optimal benefits from treat-
ment. Scher et al. found the CTC count to be a prognostic factor for survival in 
patients with progressive, metastatic CRPC receiving first-line chemotherapy [3]. 
At 4, 8, and 12 weeks after treatment, changes in CTC numbers were correlated 
with risk, whereas changes in the PSA titer were not. The most predictive factors for 
survival were the LDH concentration and the CTC count. Olmos D et al. evaluated 
the association of CTC counts, before and after commencing treatment, with OS in 
CRPC patients. Patients whose CTC counts reduced from ≥5 CTCs per 7.5 mL of 
blood at baseline to <5 CTCs/7.5 mL of blood following treatment had an improved 
OS than those who did not [9]. Our previous report as well as these reports found 
changes in CTC counts to be a reflection of treatment benefit in CRPC patients 
under several treatments [5].

30.3  CTCs as a Predictive Biomarker of Sensitivity 
in Castration-Resistant Prostate Cancer Patients Treated 
with Docetaxel Chemotherapy

Goldkorn et al. reported the correlation with CTCs and analyzed CTCs in patients 
with CRPC treated with first-line TXT-based therapy in SWOG S0421 [10]. Median 
OS was 26 months for <5 CTCs per 7.5 mL versus 13 months for ≥5 CTCs per 
7.5 mL pre-docetaxel, and increasing CTCs at 3 weeks indicated significantly worse 
OS. We found CTCs in 62% of CRPC patients of pre-docetaxel using a cutoff of 
five cells per 7.5 mL of blood. A threshold of ≥5 CTCs per 7.5 mL blood was used 
to evaluate the suitability of CTCs to predict survival. We examined the usefulness 
of CTCs for predicting survival in 57 CRPC patients treated with docetaxel chemo-
therapy [11]. Patients with <5 CTCs per 7.5  mL of blood had a median OS 
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time  >  25.0  months compared with 10.5  months in patients with ≥5 CTCs 
(p  <  0.001). The CTC levels accurately and reproducibly predicted clinical out-
come, as previously reported [8]. Apart from CTC count ≥5, ALP > UNL was also 
independently associated with a poor OS. Changes may also offer additional prog-
nostic information to that offered by CTCs because they had independent prognos-
tic relevance in our study. As a response indicator of TXT efficacy, changes in CTC 
were more associated with survival than a decline in PSA measured after three 
cycles (Fig. 30.1). The prognostic factor for OS was ≥5 CTCs after three cycles. 
Together, CTCs at baseline are a strong, independent prognostic biomarker pre- 
docetaxel. In addition, measuring CTC after three cycles predicts the response to 
therapy.
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Fig. 30.1 Circulating tumor cells as a predictive biomarker of sensitivity to docetaxel chemo-
therapy in patients with CRPC. Kaplan–Meier curves for OS duration using the change in CTC 
count from baseline. Four different groups of patients were compared: group 1, patients with fewer 
than five CTCs/7.5 mL of blood at baseline and after three cycles; group 2, patients with five or 
more CTCs at baseline but fewer than five CTCs after three cycles of therapy; group 3, patients 
with fewer than five CTCs at baseline but five or more CTCs after three cycles; group 4, patients 
with five or more CTCs at baseline and after three cycles of therapy. The survival rates were calcu-
lated from the time of the baseline blood draw. Group 4 patients had a significantly shorter median 
OS (7.25 months) than did group 1 (30.5 months; p < 0.001) and group 2 (25 months; p < 0.001) 
patients. Patients of group 3 had a significantly shorter median OS (11.5 months) than those of 
group 1 (p < 0.001) and group 2 (p = 0.003). Differences between survival curves for group 1 and 
2 (p > 0.05) and group 3 and 4 (p > 0.05) were not significant
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30.4  CTCs as a Predictive Biomarker of Abiraterone Acetate 
and Enzalutamide Treatment in Castration-Resistant 
Prostate Cancer Patients

Phase I/II trials using CTC monitoring as an embedded end point studied CRPC 
patients progressing post-TXT being treated with abiraterone acetate or enzalutamide 
[12–15]. Two trials of abiraterone acetate demonstrated a CTC conversion (≥ 5 CTCs 
at baseline but <5 CTCs at the final blood draw) rate of 34% and 41%, respectively. A 
phase I/II trials of enzalutamide reported a CTC conversion rate of 49%. CTCs may 
reflect the effects of treatment on survival. In the COU-AA-301 trial comparing abi-
raterone plus prednisone versus prednisone alone for patients with mCRPC, Scher H 
et al. found that the combination of CTC number and LDH level was indicative of 
survival in individual patients [16]. However, PSA changes after treatment were not 
always prognostic in these studies and should not be used for selecting treatments.

30.5  AR-V7 in CTCs as a Predictive Biomarker of Abiraterone 
Acetate and Enzalutamide Treatment in Castration- 
Resistant Prostate Cancer Patients

The androgen receptor (AR) signaling axis has a critical role in CRPC. New drugs 
targeting the AR axis, abiraterone, and enzalutamide have been approved to treat meta-
static CRPC based on survival improvements. However, primary resistance to enzalu-
tamide or abiraterone has been observed in approximately 20–40% of patients with 
metastatic CRPC [17–20]. One mechanism of resistance to these new drugs is the pres-
ence of splice variants of AR that are devoid of a functional ligand-binding domain 
[21–24]. In particular, AR splice variant 7 (AR-V7) has been implicated in resistance 
to enzalutamide and abiraterone therapy [25]. In addition, AR-V7 is associated with 
more rapid disease progression and shorter survival in CRPC (Table 30.1) [25–28].

Antonarakis ES et al. prospectively evaluated AR-V7 messenger RNA in CTCs 
from CRPC patients receiving abiraterone and enzalutamide [25]. They focused on 
AR-V7 because it is the only known androgen receptor variant encoding a functional 
protein product that is detectable in clinical specimens [26]. They found that AR-V7 
can be detected reliably from CTCs and that detection of AR-V7  in tumor cells 
appears to be associated with resistance to both abiraterone and enzalutamide. In a 
recent report, outcomes for the overall cohort (and separately for the first-line and 
second-line novel hormonal therapy cohorts) were best for CTC(–) patients, interme-
diate for CTC(+)/AR-V7(–) patients, and worse for CTC(+)/ARV7(+) patients. These 
correlations remained significant in multivariable models [27]. In a recent report, 
Scher HI et al. used 128 samples that were obtained before treatment with abiraterone 
and enzalutamide [28]. AR-V7-positive CTCs using the epic platform were detected 
in 18% of the samples. Presence of AR-V7-positive CTCs before treatment with abi-
raterone and enzalutamide was reduced on radiographic PFS and OS. Todenhofer T 
et al. reported the clinical importance of AR-V7 levels using RT-PCR detection of 
AR-V7 transcripts in whole blood as a marker of resistance to abiraterone [29].
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30.6  AR-V7 in CTCs and Efficacy of Taxane Chemotherapy 
in Castration-Resistant Prostate Cancer Patients

Antonarakis ES et  al. reported a prospective study using a CTC-based RT-PCR 
assay on 37 patients who began treatment with docetaxel and cabazitaxel [30]. PSA 
responses were observed in both AR-V7-positive and AR-V7-negative men. 
Similarly, PSF was not significantly different in AR-V7-positive or AR-V7-negative 
men. They incorporated data from their priory study of 62 abiraterone or enzalu-
tamide patients. They demonstrated that clinical outcomes appeared to improve 
with taxanes compared with abiraterone or enzalutamide in AR-V7-positive 
patients. In AR-V7-positive patients, PSA responses were higher with taxane ther-
apy compared with abiraterone or enzalutamide therapy. Similarly, PSF was longer 
in taxane therapy. In agreement with this, a study from Onstenk W et al. did not 
observe differences in PSA response rates according to AR-V7 status in 29 patients 
treated with cabazitaxel [31]. Scher HI et  al. reported a more favorable OS for 
AR-V7-positive patients receiving taxane chemotherapy compared with enzalu-
tamide or abiraterone [28]. This implies that the presence of AR-V7 indicates a 
more favorable outcome for patients treated with taxanes compared with enzalu-
tamide or abiraterone.

Table 30.1 Response to treatment in AR-V7-expressing prostate cancer

Study Therapeutic

Prevalence 
of AR-V7 
(%)

PSA response in 
AR-V7 + vs. 
AR-V7 patients 
(%) AR-V7 assay

Antonarakis 
et al. [25]

Abiraterone 19 0% vs. 68% 
(P < 0.01)

CTC-derived mRNA 
(AdnaTest; Qiagen, 
Hilden, Germany)Enzalutamide 39 0% vs. 53% 

(P < 0.01)
Steinestel 
et al. [24]

Abiraterone or 
enzalutamide

64 7% vs. 63% 
(P = 0.01)

CTC-derived mRNA 
(AdnaTest; Qiagen, 
Hilden, Germany)

Todenhofer 
et al. [28]

Abiraterone 11 0% vs. 42% 
(P = 0.04)

Whole blood mRNA 
(PAXgene; 
PreAnalytiX, 
Hombrechtikon, 
Switzerland)

Antonarakis 
et al. [29]

Docetaxel or 
cabazitaxel

46 41% vs. 65% 
(P = 0.19)

CTC-derived mRNA 
(AdnaTest; Qiagen, 
Hilden, Germany)

Onstenck 
et al. [30]

Cabazitaxel 55 8% vs. 22% 
(P = 0.70)

CTC-derived mRNA 
(CellSearch; Janssen, 
Horsham, PA, USA)

Scher et al. 
[27]

Abiraterone, 
enzalutamide, or 
taxanes

18 0% vs. 64% CTC-derived mRNA
33% vs. 44%
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 Conclusion
CTC analysis is a valuable fluid biopsy that provides information on PCa detec-
tion, prognosis, prediction, and treatment response. In the future, characteriza-
tion of CTC molecules is necessary for development of novel anticancer 
compounds. It is important to enhance a knowledge of the mechanisms involved 
in metastatic development to predict therapeutic activity.
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Abstract
Cancer-associated glycan aberrations are frequently observed in tumors. Glycan 
alterations are reported to have potential as cancer biomarkers. An aberrant gly-
cosylation and glycosyl epitope have been known to be tumor-associated anti-
gens. In addition, changes in glycosyltransferase could be associated with the 
signal pathways. Detecting in aberrant glycosylation on prostate-specific antigen 
(α2,3-linked sialylation) may improve specificity in detection of prostate cancer. 
However, a practical procedure to analyze a large number of glycan samples 
quickly is not available for serum due to methodological problems. Recent prog-
ress in mass spectrometry has led to new challenges in glycan analysis including 
a chemo-selective glycan enrichment technology called glycoblotting to purify 
oligosaccharides from a crude glycoprotein mixture. Previous study suggested 
that triand tetra-antennary N-glycans were significantly higher in CRPC patients 
than in non-CRPC patients, and the expression of N-glycan branching enzyme 
genes was significantly upregulated in CRPC cell lines. These results suggest 
that the overexpression of triand tetra-antennary N-glycans may be associated 
with the castration-resistant status in prostate cancer and may be a potential pre-
dictive biomarker for CRPC. The incorporation of glycan biomarkers appears to 
be a promising approach for improving CRPC detection.
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31.1  Introduction

Although serum prostate-specific antigen (PSA) has been used as a prostate cancer 
(PC) biomarker for several decades, PSA lacks the ability to predict aggressive 
potential in castration-resistant prostate cancer (CRPC). Several clinicopathological 
prognostic biomarkers (Gleason score, metastatic volume, circulating tumor cell 
enumeration, lactate dehydrogenase levels, and pain) exist in CRPC, but only a few 
glycan-based biomarkers have been reported [1].

Cancer-associated glycan aberrations are frequently observed in tumors [2–8]. 
Many tumor markers, including PSA, are glycoproteins that have glycosylation 
sites in their amino acid sequence. Although cancer-associated glycan alterations 
represent potential cancer biomarkers, glycan analysis has not been incorporated 
into clinical use because the protocols for preparing glycan derivatives vary 
depending on the analytical method and conducting these protocols requires spe-
cialized expertise. Therefore, a practical procedure for analyzing many glycan 
samples in biological materials such as serum had not been available. Recently, an 
approach that combines high-throughput, quantitative N-glycomics with mass 
spectrometry analysis was developed [9–11]. The technique is based on a che-
moselective glycan enrichment technology that enables the purification of oligo-
saccharides from 10 μL of crude glycoproteins. Previous results indicate that serum 
N-glycan analysis is a promising approach for screening diagnostic and prognostic 
markers associated with multiple types of cancer [1, 4, 7, 8]. This chapter provides 
general information regarding to glycobiology for PC and future perspectives for a 
glycomics approach to the discovery of potential PC biomarkers.

31.2  Glycobiology in Prostate Cancer

Since the correlation between certain structures of glycans and a clinical prognosis in 
cancer was first suggested a decade ago [12], the interest in structural studies of glycans 
has increased substantially. In PC, aberrant glycosylation and glycosyl epitope have 
been known to be tumor-associated antigens [13]. In addition, changes in glycosyl-
transferase could be associated with the signal pathways [2]. Core3 O-glycan synthase 
suppresses tumor formation and metastasis of PC cell lines through downregulation of 
α2β1 integrin complex [14]. On the other hand, Core2 O-glycan synthase facilitates 
prostate cancer progression [15]. Because glycan biosynthesis depends on several 
highly competitive processes, detecting in glycosylation may be a specific and sensitive 
approach to biomarker discovery and possibly disease diagnosis.

A PSA is a glycoprotein that has glycosylation sites in its amino acid sequence. After 
the report of glycan analysis of PSA [16], an attempt to identify the carbohydrate struc-
ture difference between PC and non-PC was made in several studies. Ohyama et al. 
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reported that a glycan structure of PSA in the serum of PC patients is different from that 
of patients with benign prostate hyperplasia (Fig. 31.1) [17–19]. The different glycan 
structure of PSA is expected to be useful for differential diagnosis between malignant 
and benign prostate diseases. Recent studies suggested the measurement of aberrant 
glycosylation of PSA (α2,3-linked sialylation is an additional terminal N-glycan on free 
PSA) can improve specificity in detection of PC [20]. More recently, an automated 
micro-total immunoassay system (μTAS system) for measuring PC-associated α2,3-
linked sialyl N-glycan on PSA may improve the accuracy of PC detection [21].

31.3  Serum Glycan Analysis (Glycoblotting and Mass 
Spectrometry)

A practical procedure to analyze a large number of glycan samples quickly is 
not available for serum due to methodological problems. Recent progress in 
mass spectrometry has led to new challenges in glycan analysis including a 
chemo-selective glycan enrichment technology called glycoblotting to purify 
oligosaccharides from a crude glycoprotein mixture (Fig. 31.2) [22, 23]. Serum 
N-glycan was quantitatively measured from 10 μL of serum samples using gly-
coblotting and matrix- assisted laser desorption/ionization-time of flight 
(MALDI-TOF) mass spectrometry. High-throughput N-glycan analysis 

Monosaccharide symbols

Galactose (Gal)

Mannose (Man)

Fucose (Fuc)
N-Acetylneuraminic acid (Neu5Ac)
N-Acetylglucosamine (GlcNAc)

a2,6-linked
sialyation

a2,3-linked
sialyation

Linkage type

a-linked

b-linked

Normal PSA Prostate cancer-associated PSA

Fig. 31.1 Prostate cancer-associated aberrant glycosylation of N-glycan on PSA (S2, 3PSA). In 
normal PSA, the terminal sialic acids link to galactose residues with α2,6 linkages. In prostate 
cancer-associated PSA, the linkage between the terminal sialic acid and galactose residues changes 
to α2,3 linkages
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combined with mass spectrometry analysis enables serum glycan profiling in a 
simple, highly effective, and quantitative procedure. A novel glycan biomarker 
for PC can be detected using glycoblotting and mass spectrometry.

31.4  Glycan-Associated Biomarkers (Triand Tetra-Antennary 
Serum N-Glycans) in CRPC

Ishibashi et al. [1] reported a comprehensive N-glycan structural analysis of sera 
from 80 healthy volunteers, 286 patients with benign prostatic hyperplasia (BPH), 
258 patients with early-stage PC, 46 patients with PC that had been treated with 
androgen deprivation therapy (ADT), and 68 patients with CRPC. They found that 
triand tetra-antennary N-glycans (m/z 3049 and 3414) were significantly enriched in 
patients with CRPC compared with the other groups (Fig. 31.3a, b). The longitudi-
nal follow-up of highly branched N-glycan (m/z 3049 and 3414) levels predicted 
CRPC despite castrate levels of testosterone. Quantitative qRT-PCR of N-glycan 

BPH PC (ADT) CRPC BPH PC (ADT) CRPC

m/z 3049

0.0

0.5

1.0

1.5

2.0

2.5

µM

P<0.001

µM

m/z 3414

0.0

0.5

1.0

1.5

2.0

2.5

P<0.001

m/z 3049 m/z 3414

a b

Monosaccharide symbols Fucose (Fuc)

N-Acetylglucosamine (GlcNAc)

Galactose (Gal) Mannose (Man)

N-Acetylneuraminic acid (Neu5Ac)

Fig. 31.3 The difference in N-glycan concentration. The difference in N-glycan concentration 
(m/z 3049 and 3414) among the BPH, PC with ADT, and CRPC patients. There was a significant 
difference in the serum N-glycan levels between non-CRPC patients and CRPC patients in m/z 
3049 (a) and m/z 3414 (b)
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branching enzyme (mannosyl-glycoprotein N-acetylglucosaminyltransferases: 
MGAT) genes, which are medial Golgi enzymes that initiate the β1,6GlcNAc 
branching in tetra-branched N-glycans, revealed that the CRPC-like PC-3 cell lines 
had significantly increased transcription of MGAT5A and MGAT5B genes compared 
to androgen-dependent LNCaP cells and normal prostate epithelial RWPE-1 cells 
(Fig.  31.4a–c). The levels of MGAT5 glycan products are typically increased in 
many malignancies, and several reports have suggested that MGAT5 may play an 
important role in the metastasis of PC [24, 25]. In addition, MGAT5 N-glycosylation 
was associated with cancer progression, metastasis [26], and negative regulation for 
T-cell activation [27]. Therefore, these results suggest that the overexpression of 
specific N-glycans might be associated with CRPC and that it might represent a 
predictive CRPC biomarker [1].

31.5  Conclusion and Perspectives

Currently, qualified predictive biomarkers for CRPC are largely lacking, and predic-
tive biomarkers are needed to match each patient to the optimal therapy. The incor-
poration of glycan biomarkers appears to be a promising approach for improving 
CRPC detection. Further large-scale prospective studies can help evaluate the utility 
of these new approaches, as well as to improve risk assessment strategies and out-
comes in patients with CRPC.
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Abstract
Prostate cancer frequently metastasizes to bone, and progression of advanced 
prostate cancer is parallel to progression of bone metastases. Metastatic bone 
disease often causes skeletal-related events (SREs). SREs lead to deterioration of 
patients’ quality of life and even their prognosis. SREs also have significant 
impacts on health resource utilization and financial burden. Ironically, androgen 
deprivation therapy (ADT) itself induces osteoporosis and may affect the inci-
dence of SREs. Thus, preventing SREs is considered as one of major issues in the 
management of patients with prostate cancer and bone metastases, and bone- 
targeted treatment combined with systemic therapy against prostate cancer is a 
rational approach.

The usefulness of zoledronic acid and denosumab has been established for the 
prevention of SREs in men with CRPC and bone metastases. These agents are 
also proved to be effective for the prevention of ADT-induced bone loss. Alpha- 
emitter radium-223 demonstrates a survival benefit as well as a preventive effect 
for SSEs in men with bony metastatic CRPC patients without visceral metasta-
ses. The survival benefit or SRE-preventive effect of bisphosphonates or deno-
sumab for men with CSPC is controversial and routine use of these agents for 
these purposes is not currently recommended. Bone-metastasis-directed SBRT is 
a new and aggressive treatment approach for patients with oligometastatic pros-
tate cancer recurrence, but is still under investigation.
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32.1  Introduction

Prostate cancer frequently metastasizes to bone, and progression of advanced pros-
tate cancer is parallel to progression of bone metastases. We reported that among 
151 patients with advanced prostate cancer the prevalence of bone metastasis was 
62.9% at initial diagnosis and 83.8% at the diagnosis of so-called hormone- 
refractory prostate cancer (HRPC) [1]. HRPC was previously used as a synonym of 
castration-resistant prostate cancer (CRPC), but currently CRPC is recommended 
as the preferred term by the Prostate Cancer Working Group 2 (PCWG2) [2]. 
Furthermore, an autopsy series demonstrated that 90% of patients with metastatic 
prostate cancer had bone metastases at the end-stage of prostate cancer [3].

Metastatic bone disease often causes skeletal complications, namely skeletal- 
related events (SREs). A population-based cohort study in Denmark demonstrated 
that 43.6% of the patients presented with bone metastasis at prostate cancer diagno-
sis experienced SREs during follow-up [4]. In a placebo-controlled randomized 
clinical trial (RCT) examining the preventive effect of zoledronic acid against SREs 
in patients with HRPC, 49% of the patients in the placebo arm had at least one SRE 
during the entire 24-month study period [5]. It is well known that SRE leads to 
deterioration of patients’ quality of life [6, 7] and even their prognosis [1, 4, 8]. 
SREs also have significant impacts on health resource utilization and financial bur-
den [9–11]. Ironically, androgen deprivation therapy (ADT) itself can induce osteo-
porosis and bone fracture [12, 13]. Moreover, a history of bone fracture negatively 
impacts the survival of prostate cancer patients [14]. Thus, preventing SREs is con-
sidered as one of major issues in the management of patients with prostate cancer 
and bone metastases, and bone-targeted treatment combined with systemic therapy 
against prostate cancer is a rational approach.

32.2  Prevention of ADT-Induced Bone Loss

In general, ADT is thought to be still mandatory in order to maintain castrated status 
in men with CRPC, which means that most CRPC patients have substantially long- 
term ADT and face to the risk of ADT-induced bone loss. Unfortunately, there have 
been no RCT examining whether or not osteoclast-targeted agents, such as bisphos-
phonate or anti-receptor activator of nuclear factor κB ligand (RANKL) monoclonal 
antibody, can prevent bone loss in patients with CRPC.  However, several RCTs 
demonstrated anti-osteopenic effect of such agents in patients with nonmetastatic or 
metastatic prostate cancer under or initiating ADT [15].

Among bisphosphonates, zoledronic acid, a third-generation nitrogen- containing 
bisphosphonate, had most vigorously been investigated on its preventive effect of 
ADT-induced bone loss. In a double-blind randomized placebo-controlled trial 
enrolling 106 men with nonmetastatic prostate cancer beginning ADT, zoledronic 
acid 4 mg i.v. every 3 months for 1 year increased bone mineral density (BMD) at 
1 year from baseline in lumbar spine, femoral neck, trochanter, and total hip (mean 
percent change from baseline; +5.6%, +1.2%, +2.2%, +1.2%, respectively), but 
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placebo decreased (mean percent change from baseline; −2.2%, −2.1%, −2.7%, 
−2.8%, respectively). The mean difference in percent change from baseline differed 
significantly between zoledronic acid and placebo (p < 0.001) [16]. In another ran-
domized controlled trial, 44 men with nonmetastatic prostate cancer receiving ADT 
and with T scores more than −2.5 were randomly assigned to a single treatment of 
zoledronic acid (4 mg i.v.) or placebo. BMD of the posteroanterior lumbar spine 
decreased by 3.1% in the placebo group and increased by 4.0% in the annual zole-
dronic acid group with a significant between-group difference of 7.1% in percent 
change from baseline to 12 months (p < 0.001). Similar between-group differences 
favoring annual zoledronic acid were observed for the femoral neck and trochanter 
[17]. In a randomized pilot study over 12 months, 40 men with hormone-naive pros-
tate cancer and bone metastasis were assigned to either ADT plus a single dose of 
zoledronic acid (4 mg, i.v.) or ADT alone. The between-group difference in percent 
BMD change of posteroanterior lumbar spine from baseline to 12 months was sta-
tistically significant (+3.5% versus −8.2%, p = 0.0004). Similar significant between- 
group differences were also observed for the total hip and femoral neck, indicating 
zoledronic acid preserved BMD during 1-year ADT [18].

A large-scale RCT by Denosumab HALT Prostate Cancer Study Group demon-
strated the anti-osteopenic efficacy of denosumab, a human monoclonal anti- 
RANKL antibody, in patients with nonmetastatic prostate cancer receiving 
ADT. Patients were randomly assigned to either denosumab at a dose of 60 mg 
subcutaneously every 6  months or placebo (734 patients in each group). At 
24 months, denosumab treatment increased BMD of the lumbar spine by 5.6% com-
pared with a decrease by 1.0% with placebo treatment (p  <  0.001). Significant 
between-group differences were observed through 36-month study period. Similar 
significant increases in BMD were demonstrated in the total hip, femoral neck, and 
distal radius. Moreover, the incidence of new vertebral fractures was decreased in 
the denosumab group compared with the placebo group (1.5% versus 3.9%, 
p = 0.006) [19].

32.3  Prevention of SRE

Most studies have defined skeletal-related events (SREs) as a composite of local 
skeletal complications mainly consisting of pathological fracture, spinal cord com-
pression, radiotherapy to bone, and surgery to bone. Some older studies considered 
malignant hypercalcemia or change of anti-neoplastic therapy due to bone pain as 
SRE. Some of latest trials use only symptomatic skeletal events (SSEs) as an end-
point [20]. Such trials have proved that zoledronic acid, denosumab, radiopharma-
ceuticals, and new generation hormonal agents such as abiraterone and enzalutamide 
are effective for the prevention of SREs or SSEs in CRPC patients.

Zoledronic acid was the first agent demonstrating an SRE-preventing efficacy in 
patients with CRPC.  In a placebo-controlled randomized trial, zoledronic acid 
(4 mg i.v. every 3 weeks for up to 24 months) significantly reduced the incidence of 
SREs in men with HRPC by 11.0% compared with placebo (38% versus 49%, 
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p = 0.028). In addition, zoledronic acid significantly prolonged the median time to 
first on-study SRE (488 days versus 321 days, p = 0.009) and reduced on-going risk 
of SREs (hazard ratio [HR] = 0.64, p = 0.002) compared with placebo [5]. Similarly, 
another RCT demonstrated the significant effect of zoledronic acid on SRE-free 
interval in bony metastatic CRPC patients under docetaxel chemotherapy. The 
median SRE-free interval was significantly prolonged in the zoledronic acid arm 
compared with the control arm (13.6  months versus 11.2  months, HR  =  0.78, 
p  =  0.01). Total number of SREs at the time of analysis (median follow-up 
22 months) decreased by 30% in patients allocated to the zoledronic acid arm. In 
addition, the proportion of patients experiencing ≥2 SREs decreased from 40% to 
27% and the number of patients experiencing no SREs increased from 39% to 46% 
in the zoledronic acid arm compared with the control arm. In this trial, zoledronic 
acid was administered intravenously at a dose of 4 mg every 3 weeks up to the end 
of chemotherapy and thereafter every 4 weeks as clinically indicated, or until dis-
ease progression or other discontinuation criteria, and thus the results suggested a 
role of zoledronic acid as post-chemotherapy maintenance therapy [21].

Recently, a randomized trial was conducted to determine the optimal dosing 
interval for zoledronic acid, in which the non-inferiority of the longer dosing inter-
val (every 12 weeks) to the standard interval (every 4 weeks) was examined in 1822 
patients with metastatic breast cancer, metastatic prostate cancer, or multiple 
myeloma who had at least one site of bone involvement. The proportions of patients 
experiencing at least one SRE within 2 years were not different between the longer 
interval group and standard interval group (29% versus 28%, p < 0.001 for non- 
inferiority). In the subgroup analysis in 689 patients with bony metastatic prostate 
cancer, the probability of experiencing at least one SRE was not statistically differ-
ent (32% versus 30%, p  =  0.58). There were not significant differences in pain 
scores, performance status, incidence of osteonecrosis of the jaw, and kidney dys-
function between the treatment groups, indicating that the longer interval may be an 
acceptable option [22].

The effect of bisphosphonates on preventing SREs or SSEs was also tested in 
patients with castration sensitive prostate cancer (CSPC) in several trials [23–26]. 
However, the results were contradictory among the trials, and the routine use of 
bisphosphonates for this purpose is not currently recommended.

Denosumab (120 mg s.c.) was compared with zoledronic acid (4 mg i.v.) for 
prevention of SREs in men with bony metastatic CRPC in a randomized, double- 
blind trial. The median time to first on-study SRE was significantly longer in the 
patients allocated to denosumab than in those to zoledronic acid (20.7 months ver-
sus 17.1 months, HR = 0.82, p = 0.008). The between-group difference was observed 
consistently from 3 months after initiation of study treatment. Denosumab also sig-
nificantly delayed the time to first and subsequent on-study SREs [27]. A subse-
quent exploratory analysis demonstrated similar results on the time to first SSE or 
on the time to first and subsequent SSEs in favor of denosumab [28].

Bone-seeking radiopharmaceuticals such as strontium-89, samarium-153, rhe-
nium- 186, and radium-223 were also examined on the effect of palliating malignant 
bone pain from prostate cancer, especially due to multifocal osteoblastic metastases 
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in many studies. Overall, each radiopharmaceutical demonstrated pain response 
greater than 50–60% [29]. To date, alpha-emitter radium-223 is the only radionu-
clide demonstrating the preventive effect for SSEs in patients with bony metastatic 
CRPC without visceral metastases. In a randomized, double-blind, placebo- 
controlled trial, radium-223 significantly prolonged the time to the first on-study 
SSE (15.6  months versus 9.8  months, HR  =  0.66, p  =  0.00037). Among SSEs, 
radium-223 significantly reduced the risks of radiotherapy for bone pain (HR = 0.67) 
and spinal cord compression (HR = 0.52) [30].

32.4  Improvement of Survival Outcome

To date, several studies have investigated whether bone-targeted therapy can 
improve the survival outcome of patients with bony metastatic or nonmetastatic 
CRPC, patients with bony metastatic CSPC, or patients with high-risk localized or 
locally advanced prostate cancer.

In men with CRPC and bone metastases, the survival benefit of zoledronic acid, 
denosumab, or radium-223 was also evaluated in the aforementioned landmark trial 
of each agent. The median time of survival was numerically longer in patients 
treated with zoledronic acid 4 mg than in patients with placebo (546 days versus 
464  days), but this difference was not statistically significant (p  =  0.091) [31]. 
Denosumab did not significantly prolong overall survival (19.4  months versus 
19.8 months, HR = 1.03, p = 0.65) or progression-free survival (8.4 months versus 
8.4 months, HR = 1.06, p = 0.30), compared with zoledronic acid [27]. On the con-
trary, radium-223 significantly prolonged overall survival compared with placebo 
(14.9 months versus 11.3 months, HR = 0.70, p < 0.001), demonstrating a 30% 
reduction in the risk of death [32].

In men with nonmetastatic CRPC, denosumab was assessed for prevention of 
bone metastasis or death in a phase 3, randomized, placebo-controlled trial. 
Compared with placebo, denosumab significantly prolonged bone-metastasis-free 
survival (29.5 months versus 25.2 months, HR = 0.85, p = 0.028), but not overall 
survival (49.3 months versus 44.8 months, HR = 1.01, p = 0.91) [33].

In men with CSPC, bisphosphonates were investigated on the effect for survival 
outcome in several RCTs. In men with metastatic CSPC starting ADT, sodium clo-
dronate demonstrated a survival benefit with an HR of 0.77 compared with placebo 
(p = 0.032). The estimated 5-year and 10-year survivals were 30% and 17%, respec-
tively, with clodronate versus 21% and 9%, respectively, with placebo. However, 
such a benefit of clodronate was not seen in men with nonmetastatic CSPC [34]. In 
CALGB 90202 trial, early zoledronic acid combined with ADT did not yield a sig-
nificant improvement either in progression-free survival (10.6  months versus 
9.2  months, p  =  0.22) or in overall survival (37.9  months versus 36.0  months, 
p = 0.29) compared with ADT alone in men with bony metastatic CSPC [24]. In 
STAMPEDE trial recruiting men with high-risk locally advanced, metastatic or 
recurrent prostate cancer starting first-line ADT, zoledronic acid plus ADT failed to 
show a survival benefit compared with ADT alone with HR of 0.94 (not reached 
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versus 71 months, p = 0.45) [25]. In ZAPCA trial, zoledronic acid plus ADT dem-
onstrated a marginal benefit for time to treatment failure compared with ADT alone 
(12.4 months versus 9.7 months, HR = 0.75, p = 0.051), but did not affect overall 
survival (not reached versus 60.2 months, HR = 0.78, p = 0.28) [26]. ZEUS study 
examined whether zoledronic acid can prevent bone metastases in men with high- 
risk localized prostate cancer or not, demonstrating that zoledronic acid 4 mg every 
3 months was ineffective for the prevention of bone metastases in this population 
[35].

32.5  Bone Metastasis-Directed Therapy for Oligometastatic 
Prostate Cancer

Recently, retrospective studies suggest that aggressive treatment approaches includ-
ing local therapy and metastasis-directed therapy could be beneficial with minimal 
risk of toxic effects in patients with oligometastatic prostate cancer. Stereotactic 
body radiotherapy (SBRT) to bone metastatic sites is one of such aggressive 
approaches [36]. A multi-institutional analysis pooled data of SBRT for prostate 
cancer patients with three or fewer metachronous metastases after radical local ther-
apy from small retrospective studies. The primary endpoint was distant progression- 
free survival (DPFS), defined as the absence of new metastatic lesions. Out of 119 
patients, 43 patients had bone metastases. The median DPFS was 21 months, and 
the 3-year and 5-year DPFS were 31% and 15%, respectively. These results suggest 
that SBRT for oligometastatic prostate cancer recurrence could result in a substan-
tial ADT-free period [37]. Definitive conclusions on this issue should be awaited 
after the completion of several prospective RCTs [36].

 Conclusion

The usefulness of zoledronic acid and denosumab has been established for the 
prevention of SREs in men with CRPC and bone metastases. These agents are 
also proved to be effective for the prevention of ADT-induced bone loss. Alpha-
emitter radium-223 demonstrates a survival benefit as well as a preventive effect 
for SSEs in men with bony metastatic CRPC patients without visceral metasta-
ses. The survival benefit or SRE-preventive effect of bisphosphonates or deno-
sumab for men with CSPC is controversial and routine use of these agents for 
these purposes are not currently recommended. Bone-metastasis-directed SBRT 
is a new and aggressive treatment approach for patients with oligometastatic 
prostate cancer recurrence, but is still under investigation.
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Abstract
Skeletal complications in patients with prostate cancer can result in significant 
morbidity. There is a relatively high prevalence of bone metastasis and reduction 
of bone mineral density due to androgen deprivation therapy, and together, these 
can result in the development of multiple skeletal complications in patients with 
prostate cancer. The relatively long survival (median, 3–4  years) after bone 
metastases with multiple skeletal complications makes a significant negative 
impact on patients’ functional status, quality of life, and social resource utiliza-
tion. To evaluate skeletal complications, the term “skeletal-related events 
(SREs)” has frequently been used in most randomized trials conducted previ-
ously. SREs usually include pathological bone fracture, spinal cord compression, 
surgery to bone, and radiotherapy to the bone. Recently, symptomatic skeletal 
events (SSEs), including only symptomatic events, is the recommended term for 
use in clinical trials. Local therapies for skeletal complications, such as radiation 
and surgery, are usually performed to reduce local symptoms, such as bone pain 
or neurological deficits, leading to improvement of the health-related quality of 
life. Systemic therapies, such as radiopharmaceuticals, bisphosphonates, and 
monoclonal antibodies against the receptor activator of the nuclear factor-kappa 
B ligand, are administered to reduce presymptomatic and symptomatic skeletal 
complications.
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33.1  Introduction

Skeletal complications can lead to significant morbidity in patients with prostate 
cancer by two viewpoints: first, the prevalence of bone metastasis in patients with 
prostate cancer is relatively higher than that in other cancers [1]; second, androgen 
deprivation therapy (ADT) for the treatment of prostate cancer reduces bone min-
eral density (BMD), leading to an acceleration of osteoporosis and bone metastases 
[2, 3]. These two factors closely interact with each other, leading to the development 
of multiple skeletal complications in patients with prostate cancer. The relatively 
long survival (median, 3–4 years) after bone metastases with multiple skeletal com-
plications in patients with prostate cancer makes a significant negative impact on 
patients’ functional status, quality of life, and social resource utilization [4].

33.2  Skeletal-Related Events and Symptomatic Skeletal 
Events

To assess the incidence of skeletal complications as endpoints of clinical trials, the 
term “skeletal-related events (SREs)” was previously defined by the Food and Drug 
Administration of the United States and has been used in several trials [5]. In most 
clinical studies, SREs included four factors: pathological bone fracture, spinal cord 
compression, surgery to bone, and radiotherapy to the bone; thus, SREs have been 
defined as a composite endpoint, mostly including the need for local treatments of 
radiation or orthopedic surgery ([6–9]; Table 33.1). Radiotherapy is usually indi-
cated for the treatment of uncontrolled pain, pathologic fractures, and spinal cord 
compression. Surgery usually includes procedures to stabilize or prevent pathologic 
fractures or spinal cord compression. The definition of SRE, however, is different in 
several randomized trials. In a broad sense, SREs include a change of antineoplastic 
therapy to treat bone pain [6, 9]. A reduction in the frequency of SREs has been used 
in several phase III trials to support the approval of zoledronic acid (ZOL) and deno-
sumab [6, 7]. The definition of SREs includes asymptomatic nonclinical fractures 
ascertained by serial imaging. Recently, the Prostate Cancer Clinical Trial Working 
Group 3 [10] stated that they did not consider SREs and instead they recommended 
using “symptomatic skeletal events (SSEs)” that include only symptomatic events 
of clear clinical significance. In phase III clinical trial for radium-223, SSEs were 
defined as symptomatic fracture, radiation or surgery to bone, or spinal cord com-
pression [11].

33.3  Incidence and Prevalence of Skeletal Complications 
in Patients with CRPC

According to data in the placebo arm of the randomized phase III trials evaluating 
the effectiveness of ZOL, the incidence of SREs was reported to be 44.2% in patients 
with castration-resistant prostate cancer (CRPC) during approximately 9  months 
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(median) of observation in the study [6]. Furthermore, all types of pathologic frac-
tures were observed in 22.1%, vertebral fractures in 8.2%, non-vertebral fractures in 
15.9%, radiation therapy in 29.3%, bone surgery in 3.4%, and spinal cord compres-
sion in 6.7% of patients in the placebo arm. In another study comparing the inci-
dence of SREs in patients with bone metastases in the breast, lung, or prostate 
cancer, the incidence of SREs in patients with prostate cancer was approximately 
20% and 30% at 6 and 12 months after the diagnosis of bone metastasis, respec-
tively, which was less than that in patients with breast and lung cancer. However, the 
incidence eventually reached approximately 45%, which is comparable to the inci-
dence of lung cancer at 36 months when using ZOL in 48.9% of the prostate cancer 
patients [12] (Fig. 33.1).

Conversely, the prevalence of bone metastasis and bone pain at the time of CRPC 
diagnosis was 84% and 45%, respectively, in a Japanese study [13]. In the present 
study, the medical charts of the enrolled patients with CRPC were retrospectively 
reviewed at a single institute, and the patients were not using bone-modifying 
agents, such as ZOL or denosumab. During a median 18 months of follow-up, the 
incidences of bone pain, neurological deficits, and pathologic fractures were 80%, 
44%, and 14%, respectively. The incidences of taking nonsteroidal anti- inflammatory 
drugs and opioids were 74% and 43%, respectively, and those of radiation therapies 
for bone pain and laminectomy for paraplegia were 51% and 10% during the fol-
low- up period, respectively (Fig. 33.2).
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Fig. 33.1 Cumulative incidence of skeletal-related events (SREs) in patients with breast, lung, 
and prostate cancers after the diagnosis of bone metastasis
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33.4  Pathophysiology of Bone Metastases in Prostate Cancer

The metastasizing mechanism of prostate cancer cells to bone involves colonization 
of the skeletal microenvironment by circulating tumor cells (CTCs). Reportedly, 
only 0.2% of experimentally introduced CTCs were estimated to colonize distant 
sites [14]. According to Paget’s well-established “seed and soil” hypothesis pub-
lished in 1889, a bone microenvironment is ideal “soil” for circulating prostate can-
cer cells [15]. The three steps of metastatic seeding include survival of CTCs in 
circulation, homing to skeletal tissue, and attachment to bone parenchyma [16].

Platelets play an important role in the survival of CTCs in that they shield CTCs from 
NK cell-mediated lysis [17]. In the homing process of CTCs into skeletal tissue, chemo-
tactic factors responsible for the migration of hematopoietic stem cells into bone mar-
row have been investigated as key molecules [18]. One of these chemotactic factors is 
stromal-derived factor-1 (SDF-1), also called CXCL12, which is predominantly pro-
duced by osteoblasts. C-X-C motif chemokine receptor 4, expressed on the surface of 
hematopoietic stem cells as well as prostate cancer CTCs, interacts with SDF-1 to 
induce homing to the bone marrow [19, 20]. In the attachment and invading process of 
CTCs to bone parenchyma, integrin- and lectin- mediated attachment or protease-depen-
dent invasion has been characterized. Three major integrins, including αvβ3, α2β1, and 
α4β1, have demonstrated instructive roles in metastatic bone seeding [21].

The activation of osteoclast-mediated bone resorption is one of the most investi-
gated areas in this field. Induction of the receptor activator of nuclear factor-kappa 
B ligand (RANKL), granulocyte macrophage colony stimulating factor (GM-CSF), 
and macrophage colony-stimulating factor (M-CSF) from the tumor cells results in 
maturation of osteoclast precursor cells into multinucleated osteoclasts. Enhanced 
osteoclast-mediated lysis of the bone matrix releases various cytokines, such as 
GM-CSF, M-CSF, tumor growth factor beta, insulin-like growth factors, epidermal 
growth factors, fibroblast growth factors, and interleukin 6 stored in the bone matrix. 
These growth factors stimulate the expression of pro-metastatic factors, such as 
Jagged 1 [22], parathyroid hormone-related peptide [23], or cathepsin K [24] from 
tumor cells, which then stimulate the osteoblasts to release RANKL to promote 
osteoclast activation [25]. These cycles are called “vicious cycles” in the bone 
microenvironment in that they promote bone metastasis [23, 26].

Prostate cancer typically presents as osteoblastic lesions, and reportedly 43%, 
21%, and 36% of the prostate cancer metastases studied in one report were osteo-
blastic, osteolytic, and mixed, respectively [27]. The transcription factor runt-related 
transcription factor 2 (RUNX2) is a promising molecule involved in the osteoblastic 
lesion formation mechanism and is normally expressed by mesenchymal progenitor 
cells to differentiate osteoblasts. In the microenvironment of prostate cancer bone 
metastases, RUNX2 is also expressed by prostate cancer cells [28] and activates 
bone matrix protein transcription, such as bone sialoprotein and osteocalcin. Serin 
protease Endothelin-1 (ET-1), which is also secreted from prostate cancer cells in 
the bone microenvironment, is a well-established osteoblast mitogen that promotes 
osteoblastic bone metastasis by binding ETA receptor on the osteoblast [29, 30]. The 
randomized phase III trial for the ET-1 antagonist Atrasentan did not decrease the 
risk of disease progression in patients with metastatic prostate cancer [31].
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33.5  Reduction of BMD Due to ADT and Its Interaction 
with Bone Metastasis

ADT has been demonstrated to have various adverse effects, including the reduction 
of BMD. Reportedly, around 45% of patients with prostate cancer receiving ADT 
develop osteoporosis [32]. The reduction of BMD was maximal in the first year 
after the initiation of ADT, peaking at 2%–5% [33, 34].

Androgen receptor (AR) is expressed in osteoblasts, osteoclasts, and osteocytes 
[35–37]. ADT has been shown to increase the levels of RANKL in rat serum and 
bone marrow [38], which caused a reduction in BMD due to osteoclast activation 
[39]. Moreover, bone-marrow RANKL mRNA levels have been shown to be up- 
regulated in mice lacking AR [36, 40] and down-regulated in mice overexpressing 
AR [37]. Conversely, glucocorticoid promotes the production of RANKL by osteo-
blasts [41, 42]. Previous reports have suggested that AR regulates RANK/RANKL 
signaling in the bone microenvironment and that ADT enhances this pathway, 
inducing osteoclast precursors to mature into osteoclasts, leading to a reduced 
BMD.

The high prevalence of bone metastases in patients with prostate cancer and 
reduction of BMD due to ADT together make skeletal complications in these 
patients more common. In a murine model, Ottewell et al. showed that ADT trig-
gered the growth of disseminated PC3 cells to form bone metastases and that this 
was prevented with ZOL [2]. Takayama et  al. also illustrated the ADT-induced 
acceleration of bone metastases and involvement of the RANK/RANKL signaling 
in this interaction [3]. These findings suggest that osteoclast suppression by RANK/
RANKL signaling from the initiation of ADT is required to prevent the accelerated 
establishment of new bone metastases in patients with organ-confined or locally 
advanced high-risk prostate cancer with a high possibility of the existence of CRPC 
CTCs at the time of ADT initiation.

In the contemporary oncological strategy for patients with CRPC, relatively 
long-term ADT (median, 3–4 years) after bone metastasis is usually required. 
The interactions among the high incidence of bone metastases, reduction of 
BMD due to ADT, and acceleration of bone metastases due to ADT may together 
lead to frequent skeletal complications resulting in a poorer health-related qual-
ity of life (HRQOL) and survival in patients with CRPC despite the anticancer 
effect of ADT.

33.6  Prognosis, HRQOL, and Health Resource Utilization 
in Patients with Prostate Cancer Who Have Skeletal 
Complications

The presence of SREs is significantly associated with a worse survival and poorer 
HRQOL. Patients who developed a pathologic fracture had a 32% increased risk of 
death relative to patients without a fracture in an adjusted analysis, with comparable 
results observed for both vertebral and non-vertebral fractures [43]. Increasing SRE 
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intensity shows a pattern of poorer survival and HRQOL [44, 45]. In patients with 
SREs, a significantly worse outcome was observed compared with those without 
SREs in validated assessment instruments, such as the functional assessment of 
cancer therapy-general and the brief pain inventory [44]. Complications of osteopo-
rosis and fractures in men undergoing ADT have important economic consequences: 
there is an associated $22,000 cost per person during the 36 months of treatment 
[46]. All SREs are associated with health resource utilization, including both inpa-
tient hospitalizations and outpatient or emergency room visits, of $12,469 per year 
per person [47, 48] (Table 33.2). Furthermore, those studies may have underesti-
mated their impact because of the exclusion of patients with a short life expectancy 
and health resource with bone pain management [49].

33.7  Treatments for Skeletal Complications

Treatments for skeletal complications include local and systemic therapies. Local 
therapies include radiation and surgical therapies that are usually performed to 
reduce local symptoms and improve HRQOL regarding bone pain or neurological 
deficits. Radiation therapy for local lesions reportedly improves mobility, daily 
life activity, and sphincter control in patients with metastatic spinal cord compres-
sion [50]. Moreover, in one study, radiation therapy significantly improved 
HRQOL of patients suffering from bone pain [45]. It was reported that functional 
outcomes after radiation therapy were significantly influenced by the amount of 
time taken to develop motor deficits before radiation therapy and the number of 
involved vertebrae. Local control was significantly better after long-course radia-
tion, such as 2 Gy × 20 times, than after short courses, such as 8 Gy × 1 time or 
4 Gy × 5 times [51].

Table 33.2 Annual costs of skeletal-related events (SREs)

Variable No. Mean (95% Confidence Interval), $
Total SRE costs
All patients 342 12,469 (10,007–14,861)
Patients with 1 SRE 266 8484 (6810–10,177)
Patients with >1 SREs 76 26,384 (17,959–34,809)
Costs of SREs
By component
Therapeutic radiology 342 5930 (4829–7032)
Pathologic fracture 342 3179 (1745–4614)
Bone surgery 342 2218 (1059–3378)
Spinal cord compression 342 460 (116–803)
Other 342 681 (316–1047)
Inpatient vs. outpatient
Inpatient 342 5641 (3738–7543)
Outpatient 342 5951 (4849–7052)
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Surgical treatments for neurological deficits due to spinal cord compression usu-
ally consist of posterior decompression and stabilization with pedicle screws or 
with pedicle screws and hooks. There have only been a few studies that specifically 
addressed the surgical treatment of metastatic spinal cord compression in patients 
with prostate cancer [52–54]. Furthermore, the criteria for which patient may ben-
efit from the surgical therapy of spinal cord compression are poorly defined; in 
selected patients, however, aggressive surgical decompression and spinal recon-
struction is a useful treatment option [54]. Patients with hormone-naive disease and 
those with the hormone-refractory disease with good performance status and lack-
ing visceral metastases may benefit from surgery for metastatic spinal cord com-
pression [52].

Systemic therapies, including bisphosphonates, a monoclonal antibody against 
RANKL, and radiopharmaceuticals, are administered to prevent and reduce pres-
ymptomatic and symptomatic SREs. The first agent approved for the management 
of bone metastases in patients with CRPC was ZOL, a third-generation bisphospho-
nate. A phase III trial comparing ZOL vs. placebo demonstrated a significant reduc-
tion of at least one SRE with ZOL from 49% to 38% during the 24-month study 
period [6]. Denosumab is a fully humanized monoclonal antibody against RANKL 
that prevents the activation of its receptor RANK leading to inhibition of osteoclast 
maturation and bone resorption. In a phase III trial comparing denosumab vs. ZOL 
in patients with CRPC who have bone metastases, there was a significant improve-
ment in median time (3.6 months) to the first SRE in the denosumab arm [7].

Regarding radiopharmaceuticals, strontium-89 is a pure beta-emitter with a long 
half-life, whereas samarium-153 is a gamma-emitter with a shorter half-life. 
Multiple randomized trials have been conducted with strontium-89 and samarium-
 153 in men with metastatic CRPC that have shown no improvement in OS, but pal-
liative benefits have been demonstrated with both agents [55, 56]. The alpha-emitter 
radium-223 causes breaks in double-stranded DNA with less irradiation of healthy 
adjacent bone marrow and normal tissues. In a randomized phase III trial, radium-223 
significantly prolonged the median OS in 3.8 months and significantly delayed the 
time to all SRE components, particularly the components of external-beam radia-
tion therapy and spinal cord compression [11].
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Abstract
Most of advanced prostate cancers (PCa) are incurable and disease-specific mor-
tality rate becomes much higher once PCa has progressed to metastatic disease. 
Almost all patients who die from PCa had developed castration-resistant disease 
(CRPC) since the standard of care for unresectable PCa is androgen deprivation 
therapy.

As the disease progressed to CRPC, patients often experience various debili-
tating symptoms from non-urological and urological complications. Non- 
urological complications include bone metastasis causing pain, pathological 
fracture and spinal compression as well as anemia, fatigue, lymphedema, and 
psychiatric problems such as delirium. In addition to these non-urological com-
plications, various problems caused by urological complications also impact 
patient survival and quality of life. The incidence of urological complications 
that require palliative intervention in men dying from PCa is unexpectedly high. 
This chapter highlights incidence and management of urological complications 
that occur in men dying from PCa.
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34.1  Introduction

Prostate cancer (PCa) is the most common non-skin cancer in males and its esti-
mated mortality exceeds 300,000 worldwide [1]. It was reported that patients who 
were dying of PCa had more impaired physical function compared to patients who 
were dying of other causes, while there were no significant differences in other 
health-related quality-of-life (QOL) items [2]. Some patients dying of PCa are suf-
fered from urological complications due to involvement of the upper and lower 
urinary tract by progressing cancer lesions [3]. There is little evidence for the inci-
dence and management of those urological complications towards the end of life. 
Although almost all patients dying of PCa develop castration-resistant PCa (CRPC), 
guidelines for CRPC describe little about the management of those painful compli-
cations comprehensively [4]. According to previous studies, an appropriate inter-
vention to end-of-life adverse events improves QOL of the patients [5–8]. Therefore, 
it is important for clinicians to understand the incidence of urological complications 
and its risk factors to improve the management of patients with lethal PCa. We pre-
viously focused on urological complications that suffered patients who were dying 
of PCa [9]. The previous study showed that more than 30% of men dying from PCa 
were suffered from CaP-related urological complications and needed subsequent 
palliative interventions.

34.2  Incidence of Urological Complications in Men Dying 
from PCa

In the previous study, 3552 individuals diagnosed with PCa were identified based on 
institutional registry [9]. Among them, 240 PCa patients who died of the disease and 
144 PCa patients who died of other cause were retrospectively reviewed with regard 
to the incidence of PCa-related urological complications and subsequent palliative 
interventions. As a result, major urological complications that required therapeutic 
intervention were observed in 30.8% of PCa patients dying of the disease, whereas 
it was much less frequent (4%) in PCa patients dying of other cause. Urological 
complication was associated with local recurrence in men who underwent prosta-
tectomy, lower irradiation dose in men who underwent radiotherapy, and pretreat-
ment higher T stage and absence of metastasis in men who underwent androgen 
deprivation therapy (ADT) as the primary treatment. Patients who received long- 
term ADT for localized disease had the highest risk for urological complication. 
Therapeutic intervention was highly effective for palliation.

Thus, it was demonstrated that patients with lethal prostate cancer were at high 
risk for urological complications. The incidence of each complication was much 
higher than those who were diagnosed with prostate cancer and dying of other 
cause. This indicates that urological complication is associated with PCa progres-
sion to lethal disease. Indeed, most of the urological complications in our series 
were recorded after disease progression to CRPC. Incidence of any urological com-
plications and major urological complication that required therapeutic intervention 
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in our series was 55.0% and 30.4%, respectively. Khafagy and colleagues reported 
that 46% of men with lethal PCa had cancer-related complications and 25% required 
intervention [10]. Considering that Khafagy’s report included all cancer-related 
complications such as anemia and bony pain, our incidence of urological complica-
tion was considerably higher than the previous study. This seemed to be partly 
because our institute is an academic hospital and therefore a large part of the patients 
were referred with advanced, complicated disease. Additionally, management of 
CRPC progressed rapidly in this decade and survival of CRPC patients have dra-
matically improved, which could jeopardize patients at higher risk for urological 
complications that require palliative intervention.

It is also attributable to the difference in the observation period during a patient’s 
life; we included those that occurred more than 1 year prior to PCa death, whereas 
the previous study included only those that occurred within the final year of life. In 
this regard, practice guidelines from the World Health Organization advocates a 
model of comprehensive palliative care that is introduced from the point of diagno-
sis of life-threatening illness [11]. Indeed, early palliative care was reported to 
improve survival of patients with lethal malignant disease [12], presumably by 
enabling oncologists to focus on cancer treatment and managing medical complica-
tions, by improving patient’s QOL, by assisting with treatment decision-making, 
and by increasing social support [13].

34.3  Management of Urological Complications

Urinary retention and hematuria were the most frequently observed urological com-
plications [9]. Both were associated with poorly controlled local disease and may 
require therapeutic intervention such as external beam radiotherapy (EBRT) and 
transurethral resection of prostate (TURP). A previous study showed that 5% and 
14% of patients with lethal PCa needed EBRT and TURP, respectively, in the final 
year of their life [10]. In our series, EBRT (16.3%) was even more frequent com-
pared to TURP (10.8%), which is presumably because we usually recommend EBRT 
for early palliative care for lower urinary tract symptom related to local progression 
of PCa. Crain and colleagues reported their experience of 24 palliative TURPs for 
refractory PCa, which were performed safely and resulted in significant improve-
ment in urinary symptoms although it was associated with higher rates of postopera-
tive urinary retention and reoperation compared to those performed for the 
management of benign prostatic enlargement [6]. EBRT is also effective to relieve 
advanced PCa patients from cancer-related urinary symptoms as evidenced by a pre-
vious report by Din and colleagues [7] demonstrating a high rate (89%) of complete 
or partial resolution of symptoms in advanced prostate cancer, which was equivalent 
to our data. However, it is sometimes very difficult to control symptoms caused by 
local relapse of PCa with EBRT or a transurethral approach. In such cases, open pal-
liative surgery was reported to provide effective palliation [14]. Indeed, three patients 
in our series needed bilateral ileal conduit (n = 1) or ureterocutaneostomy (n = 2) 
urinary diversion, which were very effective for symptom relief.
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Upper urinary tract obstruction is also a burdensome complication by refractory 
growth of PCa, which eventually leads to obstructive renal failure. A population- 
based study showed that 16% of prostate cancer patients experience ureteral obstruc-
tion, which was significantly associated with PCa mortality [15]. Although it is 
unknown whether PNS improves survival of advanced prostate cancer, previous 
reports and the present study show that considerable improvement in serum creati-
nine was obtained in 67–91% of the patients [10, 16].

34.4  Factors Associated with Urological Complications

Our study demonstrated similar complication rates among patients with lethal pros-
tate cancer who received different primary treatment [9]. This was slightly surpris-
ing since a previous study by Won and colleagues [8] showed that radical 
prostatectomy (RP) or EBRT as a primary treatment resulted in local palliation in 
men who ultimately develop CRPC. The discrepancy could stem from a difference 
in patient population. The study by Won et al. targeted CRPC patients and included 
patients who were alive at the time of analysis. Ours included only patients who 
were dying of PCa and all subjects were followed up until the end of life. It could 
be also attributable to the retrospective nature of the two studies. Higher rates of 
complicated referrals of patients who underwent RP and developed local relapse 
could result in a higher incidence of local recurrence in RP patients, which was 
significantly associated with urological complication in our series.

In patients who received EBRT as a primary treatment, lower dose of radiation 
was significantly associated with urological complication. Moreover, higher cT 
stage was significantly associated with urological complication in patients who 
were treated with ADT as the primary treatment. In addition to the findings from the 
patients treated by RP, these findings clearly indicate that local relapse is responsi-
ble for urological adverse event at the time of disease progression. Better control of 
primary prostate tumor burden is a key factor for the improvement palliation of 
urological complication, which is basically consistent with the previous study by 
Won and colleagues [8]. Recently published results from a population-based out-
come study were also very implicative. Culp and colleagues analyzed survival of 
stage IV (M1a-c) PCa patients using Surveillance Epidemiology and End Results 
(SEER) and found survival benefit of definitive therapy (RP or RT) in those patients 
[17]. The results of our study provide another rationale for local therapy in selected 
metastatic prostate cancer.

It is also intriguing that presence of metastasis at diagnosis was inversely corre-
lated with higher incidence of urological complication. This seems to be associated 
with longer survival of patients without metastasis at diagnosis compared to those 
with disseminated disease. Indeed, the cumulative complication rate showed a 
steady increase over time until 5–7 years and patients who achieved longer survival 
after diagnosis were more likely to eventually develop urological complications [9]. 
In this regard, patients who received ADT for locally advanced but nonmetastatic 
PCa were at highest risk for urological complication. These findings suggest that 
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specific attention should be paid to prevention or early diagnosis of urological com-
plications, and even more so in patients with good treatment response and poten-
tially longer life expectancy.

 Conclusion

Taken together, these evidences heighten the clinical awareness for early thera-
peutic palliative intervention for high-risk patients, although it should be exam-
ined by prospective clinical study whether it can improve treatment outcome and 
overall patient well-being.
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Abstract

Although 75 mg/m2 docetaxel (DTX) with 10 mg prednisolone regimen is a gold 
standard of the first-line chemotherapy for patients with metastatic castration- 
resistant prostate cancer (mCRPC), optimal number of the cycles remains con-
troversial. Most guidelines recommend DTX regimen should be terminated up to 
10 cycles, but the optimal number is controversial. We retrospectively analyzed 
279 CRPC patients who received DTX regimen. Patients having more than 
10 cycles of DTX had significantly better overall survival (OS) than those having 
10 or less, and prediction model of optimal number of cycles in DTX regimen 
was constructed based on the risk table employing the combination of three fac-
tors (ALP [cutoff 189 IU/L], hemoglobin [11.3 g/dL], and age [65 years] at the 
start of DTX therapy), and scoring based on the hazard ratio of each risk factor 
(ALP 4, hemoglobin 2, age 3). The prediction model could effectively predict the 
probability of the length of DTX therapy, with the c-index of 0.7274. Since the 
new drugs are clinically available, optimal number of cycles should be deter-
mined based on the PS, toxicities, or patients’ wish. Our predicting model may 
help in patients’ consultation before starting DTX regimen, or in selecting poten-
tial patients with intolerant DTX regimen.

Keywords
Docetaxel cycle · OS · mCRPC

35.1  Introduction

Since the approval of docetaxel (DTX) regimen (75  mg/m2 every 3  weeks with 
10  mg/day prednisolone) for castration-resistant prostate cancer (CRPC), DTX 
remains one of the most important therapeutic options for metastatic prostate cancer 
patients not only with CRPC [1], but also with hormone-sensitive (HSPC) status 
[2]. Maximal cycle number of docetaxel is set up to 10 cycles based on the tax 327 
trial. The number of docetaxel, however, was arbitrarily set to 10 cycles with actual 
median administration of 9.5 cycles [1]. Thus, the optimal number of cycles remains 
controversial. To reject the possibility of lead-time bias of DTX regimen, we retro-
spectively compared overall survival (OS) from the initiation of ADT to death in 
117 CRPC patients who received ADT followed by DTX regimen to 118 counter-
parts without DTX. Significant survival benefit was found in DTX group (94 vs. 
70 months, Hazard ratio: 0.57 [0.37–0.87], p = 0.0077), and more than 3 cycles of 
DTX therapy (50–75 mg/m2) was one of the independent prognostic factors for OS 
[3]. Several investigators reported no benefit of DTX regimen beyond 10, while oth-
ers emphasized treatment should be continued 10 or more if they tolerate their treat-
ment well. To enjoy the maximal benefit from DTX regimen, simple query must be 
addressed that what is the optimal cycle number of DTX regimen. In this chapter, 
prediction model of the optimal number of cycles in each patient, and risk and ben-
efit of longer DTX regimen are discussed.
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35.2  Definition of Regular Number of Cycles 
of Docetaxel Regimen

Recommended dose and interval of DTX regimen was determined by the two large 
prospective randomized trials (SWOG99-16 and TAX 327) [1, 4].

In SWOG99-16 trial [4], DTX (60 mg/m2 on day 2, every 3 weeks) with dexa-
methasone (60 mg/day on day 2) plus estramustine (840 mg/day on day 1–5, every 
3 weeks) were given to 338 eligible patients with mCRPC, and OS was compared 
with 336 counterpart who were treated with mitoxantrone (12  mg/m2 on day 1, 
every 3 weeks) plus prednisolone (10 mg/day). Dose escalation of DTX and mito-
xantrone was permitted up to 70 mg/m2 and 14 mg/m2, respectively, provided no 
grade 3 or 4 toxicities in the first cycle. Statistically significant improvement of 
median OS in DTX plus estramustine arm was observed (17.5 vs. 15.6 months). In 
this regimen, maximal cycle number was arbitrary defined to 12. In TAX327 trial 
[1], 1006 patients with mCRPC were divided into three arms: mitoxantrone (12 mg/
m2 on day 1, every 3 weeks), DTX (75 mg/m2, every 3 weeks), or DTX (30 mg/m2

, 
once in each 5 of 6-week interval) with adding prednisolone (10 mg/day) in all arm, 
and OS was compared as a primary endpoint. As compared with mitoxantrone 
group, a hazard ratio (HR) of death was 0.76 (95% Confidence Interval [95% CI]: 
0.62–0.94, p = 0.009) in 3-week DTX group, 0.91 (95%CI: 0.75–1.11, p = 0.36) in 
weekly DTX group. In this regimen, maximal cycle number was arbitrary defined to 
10 with a median number of cycles was 9.5 ranging from 1 to 11. Forty-six percent 
of patients with 3-week DTX group had stopped treatment due to completion of 
planned 10 cycles.

Based on these trials, most guidelines recommend standard DTX regimen as 
75 mg/m2 3 weekly with prednisone 5 mg BID, up to 10 cycles [5]. Whereas, no 
theoretical background or explanation has been established why 10  cycles is an 
optimal number of DTX regimen.

35.3  Extended Cycles of DTX Regimen: Pro

To determine whether the number of docetaxel cycles is an independent prog-
nostic factor for OS, de Morree et  al. retrospectively analyzed data of 1059 
patients with mCRPC [6] who were enrolled in the Mainsail trial [7]. In this 
trial, patients were randomized to receive DTX with or without lenalidomide. 
Although this study had early termination due to inferior OS of lenalidomide 
plus DTX group, the investigator paid attention to relation between cycle num-
ber of DTX and OS. Patients who received eight or more cycles of the therapy 
had significant improvement of OS than those with less than seven regardless of 
lenalidomide treatment. When OS was compared among three groups (more 
than 10, 8–10, or 5–7  cycles), median OS was 33.0, 26.9, and 22.8  months, 
respectively (p  <  0.001). The investigators concluded that patients who may 
have clinical benefit from DTX regimen should continue six or more regimens 
if they tolerate their treatment well.
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Kawahara et al. studied 52 Japanese prostate cancer patients who received 55 mg/
m2 DTX plus 8 mg dexamethasone, every 3 or 4 weeks. The median duration of OS 
from starting DTX therapy was 11.2 months in the short-term (9 or lower cycles) 
group and 28.5 months in the long-term (10 or more cycles) group. They found four 
risk factors (presence of anemia, bone metastases, significant pain, and visceral 
metastases), and constructed the risk group classification. They concluded that 10 or 
more cycles of DTX regimen can significantly prolong survival in Japanese men 
with CRPC [8].

35.4  Extended Cycle of DTX Regimen: Cons

No survival advantage of more than 10 cycles of DTX regimen has been reported. 
Pond et al. concluded that the 6- and 12-month estimated survival in patients with 
prolonged number (median: 15 cycles) were similar to those who received up to 
10 cycles of DTX regimen from two clinical trials. The lack of survival benefit of 
prolonged cycles may be attributable to the small cohort (37.4%) receiving longer 
treatment and different characteristics such as a lower median ALP value at baseline 
of cohorts with up to 10 cycles [9].

35.5  Risk Table Deciding Optimal Cycle Determination

To address the simple clinical question that what is the optimal number of cycles in 
DTX regimen, we retrospectively collected 279 CRPC patients who received DTX 
regimen (50–75 mg/m2 every 3–4 weeks) from 7 institutions, and constructed a risk 
table predicting the optimal number of cycles of DTX regimen [10]. Patient back-
ground is listed in Table 35.1. The median age, median OS from starting DTX, ini-
tial DTX dose, relative dose intensity, and interval of the regimen was 71 years, 
26 months, 70 mg/m2, 0.8, and 4 weeks. The median number of cycles was 8 rang-
ing from 1 to 62. One hundred one patients (36.2%) received more than 10 cycles 
(extended-cycle group), while 178 (63.7%) received 10 or less cycles (regular-cycle 
group). In this study, we found that the extended-cycle group had a significantly 
longer median OS from the start of DTX than the regular-cycle group (40 [32–49] 
vs. 18 months [14–22], p  < 0.0001). PSA response (≥50% decline) was signifi-
cantly higher in extended-cycle group than in regular-cycle group (67.1 vs. 52.3%, 
p = 0.0214), while time to CRPC or best response was not different between two 
groups. Figure  35.1 shows the Kaplan-Meier’s plots comparing OS between 
extended- and regular-cycle groups.

Multivariate analysis for OS proved PSA decline ≥50%, serum markers at the start 
of DTX therapy [PSA, alkaline phosphatase (ALP), and C-reactive protein (CRP)], 
and the number of DTX cycles were independent predictors. Notably, hazard ratio 
with 95% confidence interval of the number of DTX cycles was 0.91 (0.87–0.95), 
meaning 9% risk reduction of OS per cycle (data not shown). Except for cycle num-
ber, most of these factors have been reported by several investigators [11–15].
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Table 35.1 Patient backgrounds of the study

Factorsa Variables

Age, Median years (Range) 71 (48–91)
<65 65 (23.4)
>65 213 (76.6)

ECOG PS 0 200
1 53
≥2 13

Gleason Score ≤6 13
7 54
≥8 186

Clinical stage, No. (%) II 0
III 60 (21.5)
IV 219 (78.5)

Laboratory datab, Median (Range)
  PSA ng/mL 35.2 (0.05–3134)
  CRP, mg/dL 0.3 (0–22)
  corrected Ca, mg/dL 8.7 (6.9–10.2)
  LDH, IU/L 192 (92–1160)

<215 143 (61.1)
>215 91 (38.9)

  ALP, IU/L 271 (102–6130)
<189 50 (20.1)
>189 198 (79.8)

  Hemoglobin, g/dL 11.8 (6–15.8)
≤11.2 87 (34.7)
>11.3 164 (65.3)

Metastases, No. (%)
  Bone 169 (60.5)
  Lymphnode 89 (31.9)
  Visceral organs 22 (7.9)

FT 2
Docetaxel treatment, Median(Range)
  Initial dose, mg/m2 70 (50–85)
  Interval, weeks 4 (3–8)
  Total dose, mg/m2 525 (60–3720)
  Relative dose intensiy 0.8 (0.4–1.1)
  DTX course 8 (1–62)

≤10 178 (63.7)
>10 101 (36.2)

aValues are at the initiation of docetaxel treatment except Gleason score
bMissing data: Age: 1, ECOG PS: 13, Gleason score:26, PSA 15, LDH: 45, ALP: 31, Hemoglobin: 
28 (Permission of reprint from Int J Clin Oncol. 2014;19: 946–54)
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We hypothesized risk score based on the HR in each predictive factor before 
starting DTX may contribute to predicting the number of DTX cycles, and attempted 
to construct a risk table model based on the independent prognostic factors from 
multivariate regression analysis predicting extended cycle of DTX regimen. 
Table 35.2 shows the result of predictive factors predicting more than 10 cycles of 
DTX. ALP [<189 vs. ≥189 IU/L, HR 0.26 (inverse number 3.84), p = 0.0003], age 
[≤65 vs. >65 years, HR 0.34 (inverse number 2.93), p = 0.0028], and hemoglobin 
(Hb) (<11.3 vs. ≥11.3 g/dL, HR 1.96, p = 0.0455) were significant factors for pre-
dicting the extended-cycle group. Based on the HR, ALP >189 IU/L, age >65 years, 
and Hb <11.3 g/dL were assigned a score of 4, 3, and 2, respectively. Table 35.3 
shows risk table predicting probability of extended cycle of DTX regimen. The best 
combination (ALP <189  IU/L, Hb ≥11.3  g/dL, and age ≤65  years) predicted 
extended-cycle DTX regimen for 4 of the 5 patients (80%) in this category with a 
total score of 0, while the worst combination (ALP ≥189 IU/L, Hb <11.3 g/dL, and 
age >65 years) predicted in only 7 of the 58 patients (12.1%) with a total score of 9. 

Patients at risk

£10 cycles 173 36 3 0

>10 cycles 98 58 15       4

No. Cycles No. Pts. Median OS(M) 95% CI P vale

£10 173 18 14-22 <0.0001

>10 98 40 32-49.3

All 271 26 20.7-32

O
ve

ra
ll 
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Fig. 35.1 Overall survival from starting docetaxel stratified by the number of cycles (≤10 and 
>10 cycles). Significant prolongation of time to death was observed in patients with extended cycle 
(>10). (Missing data: ≤10: 5, >10: 3 patients). Permission of reprint from Int J Clin Oncol. 
2014;19: 946–54
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Figure 35.2 depicts probability predicting more than 10 cycles of docetaxel regimen 
according to risk score. The probability was reversely proportional to the cumula-
tive number of risk score. Predicting ability of the model was validated by Receiver 
Operator Characteristic (ROC) with concordance index (c-index) of the model of 
0.7274 (Fig. 35.3).

As for adverse events, there was no significant difference of any event between 
patients with 10 or less cycles and those with beyond 10 (Table 35.4).

35.6  Role of the Risk Table in the Contemporary 
CRPC Treatment

Armstrong AJ et al. constructed nomogram using predictive factors for OS includ-
ing visceral metastases, pain, anemia (Hb <13 g/dL), bone scan progression, and 
prior estramustine before DTX. Patients were categorized into three risk groups: 
low risk (0 or 1 factor), intermediate (2 factors), and high risk (3 or 4 factors), lead-
ing to three different lengths of median OS: 25.7, 18.7, and 12.8  months, 

Table 35.2 Univariate and multivariate regression analysis predicting longer (>10) DTX courses

Variables
Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value
Age,a year ≤65 vs. >65 0.35 0.20–0.62 0.0003 0.34 0.17–0.69 0.0028
PSA,a ng/mL ≤35 vs. >35 0.94 0.57–1.55 0.798
Gleason score ≤7 vs. ≥8 0.85 0.48–1.52 0.5737
Visceral metsa Yes vs. No 0.48 0.15–1.27 0.1446
Hb,a g/dL <11.3 vs. ≥11.3 2.17 1.22–3.95 0.0073 1.96 1.01–3.89 0.0455
CRP, mg/dL <0.32 vs. >0.32 0.52 0.27–0.99 0.0475 0.83 0.35–1.90 0.6629
PSA ≥50% 
decrine

Yes vs. No 1.85 1.11–3.13 0.0176 1.75 0.94–3.30 0.0769

ALP,a IU/L <189 vs. ≥189 0.24 0.12–0.46 <0.0001 0.26 0.12–0.54 0.0003
LDH,a IU/L <215 vs. ≥215 0.43 0.24–0.76 0.0035 0.62 0.31–1.18 0.1456

aAt the time of starting DTX except Gleason score (Permission of reprint from Int J Clin Oncol. 
2014; 19: 946–54)

Table 35.3 Risk table predicting probability of longer (>10) course of docetaxel treatment

Age
≤65 >65
% (No. Pts.) Risk Score (95% CI) % (No. Pts.) Risk Score (95% CI)

ALP < 189
Hb ≥ 11.3 80 (5) 0 (−0.1–0.1) 61.3 (31) 3 (2.96–3.04)
Hb < 11.3 60 (5) 2 (1.8–2.2) 55.6 (9) 5 (4.92–5.08)
ALP ≥ 189
Hb ≥ 11.3 56.7 (30) 4 (3.96–4.04) 27.4 (95) 7 (6.98–7.02)
Hb < 11.3 38.5 (13) 6 (5.94–6.06) 12.1 (58) 9 (8.97–9.03)

Permission of reprint from Int J Clin Oncol. 2014; 19: 946–54
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respectively [14]. Their risk table may help to predict the prognosis of DTX within 
regular cycle, since their model was based on the cohort of TAX 327 trial. Since an 
optimal number of DTX cycles is controversial, optimal number should individu-
ally be decided considering patients’ baseline (pre-DTX) physical and oncological 
conditions. Reasons for the discontinuation due to AE or patient refusal were only 
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increasing risk score
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2.4 and 1.2%, respectively [10]. The data suggest our DTX regimen including 36% 
of extended-cycle cohort is feasible, and tolerant for the Japanese patients. Our risk 
table model includes both physical (age, Hb) and oncological (ALP) factors. These 
factors may be appropriate for the estimation of global condition of CRPC patients. 
However, how do we utilize, if possible, this model in the context of the replacing 
of the extended DTX regimen with many attractive options, such as new AR signal 
blockade, cabazitaxel, or Ra-223? One possibility is to predict DXT unfit patient 
and avoid the treatment. Risk score is significantly associated with decreasing num-
ber of cycles (Fig. 35.4), 58 patients (12.1%) with highest risk score 9, i.e., higher 

Table 35.4 Adverse events

DTX cycle
≤10 (n = 178) >10 (n = 101)
G1–2 ≥G3 (%) G1–2 ≥G3 (%) p valuea

Blood/Bone Marrow (%) 41 108 (60.7) 27 58 (57.4) 0.6136
Cardiovascular 6 0 (0) 4 0 (0) –
Gastrointestinal 36 2 (1.1) 20 3 (3.0) 0.356
Hepatic 7 2 (1.1) 6 0 (0) 0.5364
Pulmonary 8 4 (2.2) 8 1 (1.0) 0.7566
Bone Pain 8 1 (5.6) 7 1 (1.0) 1.0000
Infection 39 8 (4.5) 24 2 (2.0) 0.5561
Others 6 7 (3.9) 5 6 (5.9) 0.3375
Any event – 114 (64) – 59 (58.4) 0.3710

aComparison of ≥G3 event between ordinal and longer course group (Permission of reprint from 
Int J Clin Oncol. 2014;19: 946–54)

P=0.0004 P<0.0001
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Fig. 35.4 Total risk score and the number of docetaxel regimen. Number of cycles was classified 
with lower quartile (≤5), 25–75 percentile (6–12), and upper quartile (≥13 cycles), risk score was 
significantly different among three groups (p = 0.0004: ≤5 vs. 6–12 cycle; p < 0.0001: 6–12 cycle 
vs. (≥13 cycles). Permission of reprint from Int J Clin Oncol. 2014;19: 946–54
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age, lower Hb, and higher ALP, are at risk of DTX intolerant cases. Preferential use 
of the new AR signal blockade or Ra-223 may be suitable for such patients.

There are limitations of this model, most of which were inherited from retrospec-
tive study design.

 Conclusion

Although optimal number of cycles remains controversial in DTX regimen, the 
number should individually be decided considering patients’ baseline (pre-DTX) 
physical and oncological conditions. Our risk table may help in patients’ consul-
tation before starting DTX regimen, or in selecting potential patients with intol-
erant DTX regimen.
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Abstract
The optimal schedule of docetaxel chemotherapy for castration-resistant prostate 
cancer is unknown, although continuous administration is accepted as the stan-
dard. However, several disadvantages, including side effects, costs, and develop-
ment of resistant clones, need to be considered during continuous administration 
of docetaxel. Intermittent docetaxel therapy represents an appealing option to 
address these issues. Previous studies have reported that intermittent docetaxel 
therapy is associated with favorable outcomes, with successful chemotherapy 
holidays and maintained Quality of Life (QOL). However, limitations of these 
studies include a wide variation in study design and schedule and a lack of ran-
domized trials comprising a large number of patients allowing comparison of 
outcomes with continuous administration. This chapter summarizes current data 
on intermittent docetaxel therapy in androgen-independent and castration- 
resistant prostate cancer from previous literature and examines future directions 
regarding the use of this strategy as a therapeutic option for advanced prostate 
cancer.
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36.1  Background

Docetaxel is one of the standard treatment options as first-line therapy in patients 
with metastatic castration-resistant prostate cancer (mCRPC) since the demonstra-
tion of survival benefits of docetaxel over mitoxantrone in two consecutive phase III 
trials [1–3]. The TAX 327 study, a three-arm phase III trial to compare two sched-
ules of docetaxel/prednisone with mitoxantrone/prednisone, demonstrated a signifi-
cant survival advantage in patients treated with a docetaxel/prednisone regimen 
every 3 weeks over those treated with a mitoxantrone/prednisone regimen [1, 3]. 
The SWOG 9916 trial was another phase III study conducted to assess the impact of 
the combination of docetaxel/estramustine phosphate versus mitoxantrone/predni-
sone, which also reported a significant survival benefit in mCRPC [2]. In recent 
years, even in patients with castration-sensitive metastatic prostate cancer, several 
studies have demonstrated that early administration of docetaxel combined with 
androgen deprivation therapy (ADT) has clear survival benefits compared with 
ADT alone, with a meta-analysis confirming these results [4–6]. Although new 
classes of drugs, such as CYP17 inhibitors, second-generation antiandrogens, 
immunotherapy, and internal radiotherapy, have become available for the treatment 
of advanced prostate cancer, chemotherapy with docetaxel remains a mainstay in 
the treatment of mCRPC.

However, the appropriate schedule of docetaxel administration remains contro-
versial. Based on the treatment protocols used in the two phase III trials described 
above, continuous administration with up to 10–12 cycles is currently the standard 
schedule for docetaxel therapy in mCRPC [1, 5]. In more recent years, continuous 
administration of docetaxel with >12 cycles has been introduced into clinical prac-
tice in the treatment of mCRPC [7]. Although docetaxel is continuously adminis-
tered in actual clinical practice, the side effects, costs, and development of resistant 
clones should be considered. In addition to the expanding applications of docetaxel 
for advanced prostate cancer, it may be possible to minimize and avoid the disad-
vantages of continuous administration with the use of multiple cycles in patients 
with advanced prostate cancer who have a plan to receive docetaxel therapy.

One strategy to solve the problems mentioned above is the use of intermittent 
administration of chemotherapeutic drugs. Intermittent chemotherapy is based on 
the concept of treatment holidays, when no chemotherapy agents are administered, 
which may allow patients to minimize side effects, maintain QOL, delay the emer-
gence of drug-resistant clones, and activate angiogenesis and/or antitumor immu-
nity [8]. However, in basic research fields, the benefit of the intermittent 
administration of chemotherapeutic drugs has been controversial. A previous in vivo 
study reported by De Souza et al. concluded that continuous chemotherapy with 
docetaxel resulted in greater antitumor efficacy and lesser upregulation of drug 
resistance-related genes than intermittent administration in ovarian cancer xeno-
grafts [9], whereas studies using xenografts in brain tumors have demonstrated that 
intermittent administration of cyclophosphamide induces an innate antitumor 
immune response and tumor regression [10]. In the clinical treatment of breast and 
colorectal cancer, intermittent chemotherapy has been shown to provide equivalent 
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survival rates with less toxicity and good QOL in randomized phase III trials when 
compared with continuous schedules [11, 12]. However, there has been consider-
able controversy regarding the benefit of continuous and maintenance chemother-
apy after the first response to cancer treatment [8, 13].

In prostate cancer, intermittent administration of ADT is known to provide com-
parable survival with continuous ADT with some improvements in QOL scores 
[14]. Although, there has been no randomized trial involving a large number of 
patients to indicate the superiority of intermittent docetaxel in patients with prostate 
cancer over continuous therapy, several previous trials of intermittent docetaxel in 
patients with prostate cancer have been published [8, 15–25]. However, the optimal 
protocol and timing for the intermittent administration of docetaxel in patients with 
prostate cancer remains largely unknown. This chapter provides a review of previ-
ous studies of intermittent docetaxel therapy in advanced prostate cancer and also 
examines future directions in the use of this strategy as a therapeutic option for 
advanced prostate cancer.

36.2  Intermittent Chemotherapy for mCRPC

36.2.1  Design and Schedule of Intermittent Administration 
of Docetaxel

Ten studies of intermittent docetaxel in patients with advanced prostate cancer have 
previously been published [15–19, 22–27]. The eligibility criteria were mCRPC in 
4, CRPC in 3, and metastatic androgen-independent prostate cancer (AIPC) which 
was previously defined as evidence of disease progression despite standard hor-
mone management with serum PSA ≥5.0 ng/mL [15] in 3, respectively. The proto-
cols of all studies are described in Table 36.1. All studies except one retrospective 
study [19] were conducted as a prospective study, although no randomized study to 
compare the efficacy of intermittent therapy over continuous therapy has been 
reported. A representative image of intermittent administration of docetaxel without 
progression is shown in Fig. 36.1 [25]. A wide variation in the design and schedule 
of intermittent administration was observed among the studies. The dose and the 
frequency of docetaxel administration varied with the range of 35–75 mg/m2 and 
weekly to monthly, respectively. On the other hand, recent trials tended to offer 
standard administration of docetaxel at 70–75 mg/m2 triweekly in light of the results 
of the TAX327 study. The use of additional drugs also differed greatly between 
studies, which applied prednisone/prednisolone (3), estramustine phosphate (3), 
bicalutamide (1), dexamethasone (1), and other drugs (2). In addition, so far, the 
timing of suspension and re-administration of docetaxel during intermittent therapy 
has not been standardized.

In general, two strategies of “on- and off-chemotherapy” have been considered, 
which include efficacy-dependent and a duration-dependent protocols. The 
“efficacy- dependent” protocol involves continuing docetaxel until a response, 
which has previously been defined based on the level of serum PSA and/or 
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Docetaxel (70mg/m2)

Prednisolone (10mg/day)

Day 
1 29 57 84

*

Holiday

PSA or
measurable lesion

1 29 57 84 1 29 57 84

*continued until the end of protocol

Holiday

Fig. 36.1 Representative image of intermittent docetaxel therapy (Narita S et al. Jpn J Clin Oncol, 
2016) [20]

radiographic response based on the RECIST criteria. The “duration-dependent” 
protocol involves the administration of docetaxel for pre-defined cycles before sus-
pension of treatment. Half of the trials have applied the duration-dependent 
approach, while the other half have applied the efficacy-dependent approach. The 
number of pre-defined cycles in the duration-dependent studies was between two 
and four cycles. One study allowed three additional cycles after three cycles of 
docetaxel [18]. In the efficacy-dependent protocol, >50% reduction from baseline 
or a serum PSA level <4 ng/mL were the most commonly used cutoff points for the 
suspension of chemotherapy.

Regarding the timing of resuming chemotherapy, there was a wide variation 
observed among studies. Patients in our two studies took a treatment holiday until 
the PSA levels returned to baseline levels recorded at the initiation of each cycle in 
patients achieving a PSA decline with or without radiographic response during a 
course of chemotherapy [20, 25]. In other trials, each study established original 
cutoff points using different percentage changes in PSA levels from the nadir, PSA 
levels, and signs of disease progression as described in Table 36.1.

The only trial to compare outcomes with continuous treatment of docetaxel was 
reported by Li et al., which was conducted in a matched historical cohort of patients 
with prostate cancer treated with ADT alone [21]. Caffo et al. conducted a unique 
randomized 2 × 2 factorial phase II trial to assess the impact of intermittent chemo-
therapy and combination therapy with estramustine phosphate on QOL over con-
tinuous therapy [23]. In this study, patients received four cycles of 70  mg/m2 
docetaxel every 3 weeks and took a pre-defined 3-month treatment holiday [23]. In 
a further intriguing study, Aggarwal et al. reported a randomized trial to assess the 
efficacy of granulocyte-macrophage colony-stimulating factor (GM-CSF) during 
docetaxel holidays, which indicates the potential utility of therapies during the holi-
day period to extend drug holiday duration [22]. These studies describe multiple 
potential regimens of intermittent docetaxel administration.

In summary, the design and the schedule of intermittent docetaxel in CRPC and 
AIPC varies between trials and has yet to be standardized. Therefore, bias due to 
differences in background characteristics and methods of intermittent docetaxel 
induction should be considered when interpreting the results of each trial.
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36.2.2  Outcomes of Intermittent Chemotherapy

The major results of studies evaluating intermittent docetaxel therapies in prostate 
cancer are summarized in Table 36.2. In the first study of intermittent docetaxel for 
prostate cancer, Beer et al. investigated the detailed outcomes of 11 patients using 
an intermittent protocol in a phase II trial that was conducted to assess the efficacy 
of docetaxel plus high-dose calcitriol [15]. Even in this limited number of patients, 
their intermittent chemotherapy regimen achieved a median treatment holiday of 
20 weeks, retained sensitivity to re-treatment, and improved QOL during the che-
motherapy holiday. The authors also reported long follow-up data including after 
the use of multiple cycles of intermittent docetaxel administration in a consecutive 
study [16]. Subsequently, Soga et al. evaluated 15 patients who received intermit-
tent chemotherapy comprising docetaxel (70  mg/m2 on day 1) and estramustine 
phosphate (560 mg on days 1–5). Nine patients with a response in the first three 
cycles of chemotherapy took a chemotherapy holiday, while three patients sus-
pended treatment after six cycles of chemotherapy. Of the 15 patients, 8 received a 
second course of chemotherapy, with a 25% response rate achieved [18]. The 
median overall survival (OS) in the study was 21 months with a median follow-up 
of 16 months. In a retrospective study from Greece, Mountzios et al. reported the 
first trial to assess combination therapy of docetaxel with prednisone with a mean 
interval of “off-chemotherapy” of 4.5 months and a median interval to treatment 
failure of 8.2 months [19]. However, the schedule of docetaxel administration was 
biweekly at 45 mg/m2, which has not been the standard administration schedule in 
recent years. In 2012, we conducted a phase II trial to assess the efficacy and feasi-
bility of docetaxel-based combination chemotherapy with carboplatin and estra-
mustine phosphate (DEC therapy) in patients with metastatic AIPC.  After two 
consecutive administrations of DEC, the treatment was repeated until progression 
of disease, severe adverse events, or withdrawal of consent. We achieved a median 
total time of chemotherapy holiday of 7.7 months, and a median OS following DEC 
of 17.8 months with a median follow-up of 11.1 months, although the median num-
ber of DEC cycles was 3 (range 1–9). More recently, Li et al. conducted a retrospec-
tive study comparing the outcomes of intermittent triweekly docetaxel (75 mg/m2) 
plus bicalutamide in CRPC with a historical control group consisting of patients 
treated with continuous docetaxel plus prednisone [21]. Although the study was 
retrospective and the number of enrolled patients was small (n  =  42 for tested 
patients, and n = 60 for historical controls), they reported the first results to compare 
the outcome of intermittent docetaxel over continuous therapy and showed that 
there were no significant differences in progression-free survival and OS between 
the two groups [21]. A further Japanese study reported by Kume et al. enrolled 51 
patients treated with continuous docetaxel administration of 75  mg/m2 every 
3 weeks and allowed a chemotherapy holiday after serum PSA levels were reduced 
to <4  ng/mL with a reduction rate of >50%[24]. Twenty-seven (52.9%) patients 
qualified for intermittent treatment, including 17 patients treated with two courses 
and 10 patients treated with three courses. The median off-treatment interval was 
266  days for the first chemotherapy holiday, 129.5  days for the second, and 
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146.5 days for the third. They also indicated that a low baseline PSA and a low 
Gleason score at diagnosis were significant indicators for the resumption of inter-
mittent docetaxel. In a recent study reported by Aggarwal et al. assessing the impact 
of GM-CSF during chemotherapy holidays, 52 (42%) of the 125 patients enrolled 
achieved a >50% decline in serum PSA level. Patients were divided into a GM-CSF 
group and an observation group based on drug administration during chemotherapy 
holidays. The median durations of chemotherapy holiday after the first course of 
docetaxel were 2.6 months in the GM-CSF group and 2.3 months in the observation 
group, respectively. The median OS from the start of the first “off-chemotherapy” 
interval was 28.4 months in the GM-CSF group and 14.0 months in the observation 
group (log-rank test, p = 0.08). The difference in OS observed in this study was not 
significant; however, the findings indicate the impact of maintenance therapies on 
cancer progression during chemotherapy holidays in patients treated with intermit-
tent docetaxel. Recently, we reported the largest single-arm study to evaluate out-
comes of intermittent docetaxel in patients with CRPC, including 6 (5%) patients 
without metastasis. Of the 120 patients enrolled in this study, sixty (50.0%) patients 
resumed chemotherapy, and a maximum of six courses were administered to four 
patients. The median period of the first, second, and third to fifth holiday was 18.6, 
11.0, and 4.9 weeks, respectively. The median times to treatment failure and OS 
from the initiation of docetaxel were 17.5 and 35.0 months, which were comparable 
to previous Japanese studies assessing outcomes in prostate cancer among Japanese 
patients treated with continuous docetaxel [7, 28]. As it is not possible to compare 
OS and other oncological outcomes between previous reports and our study due to 
the substantial difference in patient background and treatment regimens, intermit-
tent docetaxel may have the potential to achieve equivalent outcomes compared 
with continuous docetaxel.

The delicate balance between survival benefit and QOL is extremely important 
in advanced cancer patients, and intermittent docetaxel therapy is expected to main-
tain QOL in patients with CRPC.  Six (60%) of the 10 studies of intermittent 
docetaxel described above evaluated QOL scores using the QLQ-C30 questionnaire 
[29]. Three studies reported predominantly unchanged QOL scores between pre- 
and posttreatment, except for improvement in some scores (fatigue, nausea, vomit-
ing, and global health) [15, 18, 21]. Mountzios et al. compared the QOL scores of 
17 patients during the “off-chemotherapy” period with during the “on- chemotherapy” 
period. They reported that several domains of symptom report (fatigue and diar-
rhea), cognition (mental focus and distraction), and daily activities (ability to take a 
long walk and perform hobbies), as well as general condition assessments, were 
significantly improved during the “off-chemotherapy” period [19]. We found that 
there were no significant differences among three time points with QOL data avail-
able in 45 (37.5%) patients at baseline, 42 (35%) patients 12 weeks after the initia-
tion of chemotherapy, and 15 (25%) patients at the beginning of chemotherapy after 
the first chemotherapy holiday. In our study, all QOL functional domains except the 
emotional score were improved at the beginning of the second course chemotherapy 
compared to baseline in patients with CRPC treated with intermittent docetaxel and 
prednisolone therapy. In a randomized trial reported by Caffo et al. comparing QOL 
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scores between intermittent and continuous administration of docetaxel in mCRPC 
every two treatment courses, assessable QOL data were available for 111 (75%) 
patients. This study found no statistically significant difference in general health 
status between the continuous and intermittent arms at any assessment time. 
Although the number and percentage of patients who responded to the QOL survey 
was relatively small in some studies, the results of QOL surveys administered to 
patients receiving intermittent chemotherapy indicate this protocol has the potential 
to maintain QOL during treatment.

In summary, the results of previous studies support the benefit of intermittent 
docetaxel in patients with CRPC (including AIPC) without compromising OS or 
oncological outcomes. However, differences in patient background, such as pre-
treatment PSA levels, the extent of metastatic spread, performance status, and the 
length of ADT therapy, may influence OS in CRPC patients. In addition, sequential 
treatments after intermittent docetaxel may also influence OS. Therefore, random-
ized trials are warranted to confirm evidence from previous studies of intermittent 
docetaxel in advanced prostate cancer.

36.3  Future Directions

As the intermittent approach to chemotherapy is considered to be inappropriate in a 
proportion of patients with mCRPC, the detection of appropriate candidates for 
intermittent docetaxel is of increasing clinical importance. In advanced cases, the 
discontinuation of chemotherapy may result in cancer progression during chemo-
therapy holidays. In recent univariate and multivariate analyses in patients with 
CRPC who received intermittent docetaxel, a low performance status and a high 
PSA level before intermittent docetaxel plus prednisolone therapy were significant 
prognostic factors for OS [25]. However, these factors were reported to be signifi-
cant risk factors for OS in previous trials of patients treated using the continuous 
administration of docetaxel [7]. It remains unknown whether these factors have util-
ity in identifying an appropriate population for intermittent chemotherapy. 
Furthermore, the identification of clinicopathological factors, including pain, ane-
mia, or bone scan index values, to better characterize suitable patients for intermit-
tent chemotherapy may be an important clinical issue in the future.

Appropriate candidates for intermittent docetaxel can be screened by direct com-
parison between continuous and intermittent in randomized studies. One of the 
important issues in this field is a lack of randomized trials comparing outcomes 
between intermittent therapy and continuous therapy. A German group conducted a 
randomized phase II trial called the PRINCE study [30, 31], and the early results of 
this study have been reported [32]. The study randomly assigned patients with 
mCRPC to either intermittent (n = 78) or continuous (n = 78) docetaxel therapy. 
Patients in the intermittent therapy arm were treated with either four cycles of 
docetaxel (70 mg/m2) triweekly or three cycles of docetaxel (30 mg/m2) weekly, 
with chemotherapy suspended until disease progression. The median duration of 
chemotherapy holiday was 15 weeks. One-year survival was similar between the 
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intermittent and continuous treatment arms (75.8% vs. 72.6%) and met the non- 
inferiority criteria. However, the difference in median OS (18.3  months vs. 
19.3 months) did not meet the non-inferiority criteria, according to a post hoc analy-
sis. Differences in progression-free survival and time to treatment failure were not 
significant between the two groups and the safety profiles of both study arms were 
comparable. However, the results of the PRINCE study have yet to be published in 
a peer-reviewed journal, and the study was limited by poor recruitment, resulting in 
a power of only 39% of the planned study.

Lastly, cabazitaxel is a second-generation taxane chemotherapy indicated for the 
treatment of patients with mCRPC pretreated with castration and docetaxel [33]. 
Intermittent cabazitaxel may represent an appropriate treatment option as the inci-
dence of QOL-related toxic adverse events, such as alopecia, nail changes, periph-
eral neuropathy, and dysgeusia, in patients who received cabazitaxel have been 
known to be comparatively lower than those with docetaxel [34, 35]. However, there 
has been no previous study assessing the clinical impact of intermittent 
cabazitaxel.

 Conclusion
Herein, we review the results of previous studies of intermittent docetaxel ther-
apy in patients with CRPC and AIPC. Intermittent docetaxel therapy achieved a 
favorable outcome with successful chemotherapy holidays and maintained 
QOL. Therefore, intermittent docetaxel therapy may be a promising option for 
the treatment of CRPC, even in the new treatment era of prostate cancer as it 
allows reasonable oncological outcomes with less toxicity and a high 
QOL. However, as study designs and baseline characteristics have varied among 
previous studies, the true effect of intermittent chemotherapy over continuous 
chemotherapy and the superiority of each treatment regimen remains unclear due 
to lack of randomized studies in this field. Further evaluation using a large-scale 
randomized trial and selection of appropriate candidates for intermittent 
docetaxel is strongly warranted.
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for mCRPC in Japanese Men
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Abstract
Efficacy and safety of cabazitaxel in Japanese patients with docetaxel-failure 
castration-resistant prostate cancer were largely identical with Western popula-
tion based on a phase I study. However, febrile neutropenia among treatment- 
emergent adverse events can occur more commonly in Japanese, especially in 
patients who administered a relatively high total dose of previous docetaxel, and 
an aggressive prophylaxis may be important using granulocyte colony- stimulating 
factor for those patients.
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37.1  Cabazitaxel as Second-Line Chemotherapy for mCRPC

Cabazitaxel is called as a second-generation taxane. Cabazitaxel has shown an anti-
tumor effect against docetaxel-resistant prostate cancer cells in a preclinical system 
[1–3]. In a pivotal global phase III clinical trial, named TROPIC, cabazitaxel dem-
onstrated a benefit to elongate overall survival of patients with docetaxel-failure 
castration-resistant prostate cancer [4]. TROPIC study targeted mainly Caucasians, 
containing only 7% of Asian, and no Japanese medical center participated to it.

A phase I study coded as NCT01324583 was only one prospective of cabazitaxel 
that targeted Japanese population, in which were evaluated mainly safety but also a 
certain impact of efficacy in its expansion cohort [5]. In this study, enrolled were 
patients with histologically confirmed prostate adenocarcinoma with metastasis 
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whose diseases were failure to androgen-deprivation therapy and docetaxel regard-
less of antiandrogen treatment. And excluded were patients with an age of 75 years 
or older or with less than 225 mg/m2 of total dose of previous docetaxel.

37.2  Efficacy of Cabazitaxel in Japanese Patient Population

In this Japanese phase I study, cabazitaxel was administered triweekly with a dose 
of 25 mg/m2 per time into a total of 44 patients, including 41 from an expanding 
cohort and 3 from a dose-escalation cohort.

No complete response (CR), two (16.7%) partial response (PR), 10 (83.3%) sta-
ble disease (SD), and no disease progression were found as the best RECIST 
response in 12 evaluable among 41 patients from the expansion cohort. Twelve 
(29.3%) among those 41 patients acquired PSA response defined as the decline of 
PSA level of 50% or greater from baseline. The median time to PSA progression 
was 3.68 months with 95% confidence interval of 1.35–4.63.

RECIST evaluation was one PR and one SD in two evaluable patients among 
three from the dose-escalation cohort. PSA decline of 50% or greater from baseline 
was detected in two among three of those patients.

37.3  Safety of Cabazitaxel in Japanese

Cabazitaxel treatment had been discontinued at the time of analysis in 28 patients 
among 44 patients treated with a dose of triweekly 25 mg/m2. The reasons for dis-
continuation were disease progression (57%), adverse events (32%), and withdrawal 
of consent (11%). The number of treatment cycles with cabazitaxel was median of 
7.5 and maximum of 29. Among total of 338 cycles, dose reduction was needed in 
9.5% of cycles. Dose retardation of more than 3 days was detected in 37.4% of 
cycles. Dose-limiting toxicity, defined as grade 4 of neutropenia continuing for 
more than 7 days, grade 4 of thrombocytopenia, grade 4 of febrile neutropenia, or 
grade 3 or 4 of nausea, vomiting, diarrhea, hypersensitivity, fatigue, or hyponatre-
mia, was detected in two (4.7%) patients. Of those two patients, one developed 
grade 4 of necrotizing fasciitis and septic shock and the other grade 3 of otitis media 
and bronchopneumonia, respectively.

Neutropenia was the most common one among all treatment-emergent adverse 
events and occurred in all of patients with grade 4 but one with grade 3. Other 
adverse events included anemia (100%), lymphocytopenia (88.6%), thrombocyto-
penia (72.7%), febrile neutropenia (54.5%), fatigue (54.5%), nausea (52.3%), diar-
rhea (50.0%), appetite loss (40.9%), constipation (29.5%), dysgeusia (27.3%), 
peripheral neuropathy (25.0%), stomatitis (22.7%), vomiting (22.7%), nasopharyn-
gitis (20.5%), and insomnia (20.5%) in order of the frequency at all grade. As to 
adverse events at grade 3 or more, the order was as follows: neutropenia (100%), 
febrile neutropenia (54.5%), lymphocytopenia (52.3%), anemia (47.7%), thrombo-
cytopenia (6.8%), fatigue (6.8%), nausea (6.8%), and appetite loss (6.8%). Serious 
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treatment-emergent adverse events occurred in 25 (56.8%) patients, including neu-
tropenia (20.5%) and febrile neutropenia (15.9%). No fatal treatment-emergent 
adverse event was detected.

Twenty-eight (63.6%) patients needed dose modification due to treatment- 
emergent adverse events, including neutropenia (15.9%), febrile neutropenia 
(13.6%), anemia (11.4%), serum aspartate aminotransferase increase (11.4%), and 
serum alanine aminotransferase increase (9.1%). Dose modification contributed to 
the improvement of their adverse events for 25 among 28 patients; however, other 
three patients eventually discontinued the treatment due to their adverse events 
regardless of dose modification. A total of nine patients discontinued cabazitaxel 
treatment due to adverse events, including fatigue for two patients and necrotizing 
fasciitis, septic shock, anemia, appetite loss, paralysis, and nausea for one each. No 
patients quitted the treatment by cause of neutropenia or febrile neutropenia, sug-
gesting these adverse events can be controlled by adding appropriate granulocyte 
colony-stimulating factor (G-CSF) and antibiotics. Three out of nine patients who 
discontinued cabazitaxel due to adverse events eventually received more than nine 
cycles of cabazitaxel, whereas four patients underwent only less than four cycles.

No association was found between the occurrence of neutropenia or febrile neu-
tropenia by cabazitaxel and the incidence of previous neutropenia of grade 3 or 
greater due to docetaxel. All patients developed grade 3 or greater neutropenia by 
cabazitaxel regardless of the past history, and the incidence of febrile neutropenia 
due to cabazitaxel in the patient group with or without the previous neutropenia by 
docetaxel was 57.1% or 53.3%, respectively, that indicated no significant differ-
ence. Febrile neutropenia triggered by cabazitaxel was all grade 3 and no grade 4 
one was observed.

Administration of G-CSF was not permitted at cycle 1 of each patient based on 
the protocol in this Japanese phase I study, and that seems one of the reasons for 
such a high incidence of neutropenia, that is 100% of patients. Indeed, the incidence 
of neutropenia of grade 3 or greater decreased to 16 (53.3%) among 30 cycles in 
patients who underwent G-CSF prophylaxis at cycle 2 or later. Time from adminis-
tration of cabazitaxel to the nadir of neutrophil count was about 7 to 14  days 
(median, 9  days). Duration until recovering of neutrophil count took about 2 to 
14 days (median, 3–4 days) even if G-CSF was used. In some patient, it took as long 
as 28 days.

37.4  Signature of Cabazitaxel in Japanese Clinical Practice

In the global pivotal phase III trial TROPIC, objective response rate (CR + PR) was 
14.4% and PSA response rate (50% or more decrease of PSA level from baseline) 
was 39.2% [1]. Objective response rate 16.7% was almost equal but PSA response 
rate 29.3% was relatively low in Japanese population compared to the results of 
TROPIC trial. This trend could have been caused by the difference in patient char-
acteristics between the two studies. For example, the median total dose of previous 
docetaxel was 752.8 mg/m2 in the Japanese phase I study, obviously higher than 
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576.6 mg/m2 in TROPIC trial. Patients administered with a total dose of previous 
docetaxel of 750 mg/m2 or lower, compared to those with higher than 750 mg/m2, 
responded at PSA level numerically more in the number and had a longer treatment 
period and a longer time to PSA progression with cabazitaxel. However, such ten-
dency was not statistically significant because of the lack of enough patient 
number.

The impact of total dose of previous docetaxel may be associated with treatment- 
emergent adverse events, especially febrile neutropenia, due to cabazitaxel. 
Neutropenia itself commonly occurred also in global TROPIC trial, that is, in 94% 
of patients at any grade and in 82% at grade 3 or greater, however the incidence of 
febrile neutropenia was obviously lower (8.0%) in TROPIC trial compared to that 
(54.5%) in the Japanese phase I study. One of the reasons for this gap may be the 
difference of total dose of previous docetaxel. The difference of incidence of G-CSF 
prophylaxis also can cause the gap. G-CSF prophylaxis has a potential to reduce the 
incidence of febrile neutropenia [6]. No patient received G-CSF prophylaxis at the 
first cycle and as small as 18.2% of patients did even at the second or later cycles in 
the Japanese phase I study, whereas 24.7% of patients underwent G-CSF prophy-
laxis in TROPIC trial. Asian ethnicity can also cause a severe myelosuppression due 
to anticancer agents [7, 8]. Pharmacokinetics of cabazitaxel were almost identical 
between Japanese and Caucasian populations based on phase I studies, suggesting 
that the racial difference itself may have an impact on incidence of febrile neutrope-
nia regardless of pharmacokinetics of cabazitaxel [9–12].
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Abstract
Our understanding of the heterogeneity and genetic characteristics of CRPC 
demonstrates underlying their complexity, which has been thought to be associ-
ated with their intractability. Recent advance of integrative next generation 
sequencing unveiled the extensive mutational landscape of metastatic CRPC, 
many of which can be a targetable mutation and been linked to ongoing clinical 
trials. Molecular stratification of patient groups will clearly be critical to success-
ful drug development and clinical trials from the view point of precision medi-
cine. In this review, we discuss the potential of new targeted approach to impact 
the clinical management of CRPC.

Keywords
CRPC · AR signaling pathway · PI3K-PTEN-AKT-mTOR pathway · DNA repair 
pathway · WNT pathway · Liquid biopsy · Circulating tumor cells · Cell-free 
DNA · Precision medicine

38.1  Introduction

Recent advance of integrative whole-exome sequencing and whole transcriptome 
sequencing unveiled the extensive mutational landscape of metastatic CRPC in con-
trast to primary prostate cancers. These mutations have been thought to be defined 
as predicting response or resistance to a targeted therapy, as well as prognostic 
indications. Many of which can be a targetable mutation and been linked to ongoing 
clinical trials.
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Precision cancer medicine: The use of genomic profiling at the point-of-care test-
ing to inform treatment decisions for patients is changing cancer care and expected 
to provide more accurate prediction and efficient therapies for individual patients.

In this review, we discuss the potential of genomics to impact the clinical man-
agement of CRPC.

38.2  Androgen Receptor and Androgen Production 
in Prostate Cancer Tissues

The results of studies using cell lines and those on AR expression in patients with 
prostate cancer showed that AR expression was maintained or enhanced despite 
reduced androgen circulation in CRPC [1–3] (Fig.  38.1). AR is still activated 
through various mechanisms, including AR amplification or overexpression, acti-
vating AR mutations, elevated expression of co-activators enhancing AR transcrip-
tional activity, and indirect androgen receptor activation through STAT3/
MAPK-mediated phosphorylation [4, 5]. It has been reported that one-third of 
CRPC patients have as a clinically significant mutation of AR, indicating different 
sensitivity to novel AR-directed therapies [6–9]. However, the clinical significance 
of these AR mutations for predicting response or resistance to these agents remains 
to be determined. Although several drugs have demonstrated inhibitory activity of 
AR signaling, the clinical significance of these AR mutations for predicting response 
or resistance to these agents remains to be determined [10–12]. Unfortunately, most 
patients eventually develop resistance to these agents.

Regarding androgen production in prostate cancer tissues, intratumoral conver-
sion of adrenal androgens and de novo steroid synthesis have been proposed as 
potential causes of PCa progression [2, 13]. The results of these studies provide the 
molecular basis for the inhibition of androgen production in CRPC tissues, leading 
to actual drug discovery and development of CYP17A1 inhibitor: such as abi-
raterone and clinical trials [14–18].

In relation to 5AR activity and the use of 5AR inhibitors to prevent development 
and progression of PCA, the findings of two large randomized, placebo-controlled 
trials: the Prostate Cancer Prevention Trial (PCPT) with finasteride [19] and the 
Reduction by Dutasteride of Prostate Cancer Events (REDUCE) trial [20] were 
interesting. The FDA reanalyzed these two major trials and intriguingly cited the 
fact that the absolute incidence of tumors with Gleason scores between 8 and 10 was 
significantly increased by 0.7% with finasteride and by 0.5% with dutasteride. FDA 
Advisory Committee voted against recommending 5-ARI for the indication to 
reduce PCa risk, because the risk of more aggressive tumors outweighed their 
potential for chemoprevention.

We previously reported the reduced 5-AR activity and the suppressive effect of 
DHT in CRPC cells [21]. The suppressive effect of androgens on PCa cells is not 
limited to these in vitro results [22–24]. Some recent clinical reports showed that 
CRPC could be treated with androgens due to the inhibitory action of excess andro-
gens [25, 26]. Accumulating evidence has suggested that AR has a finite ability to 
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bind to T or DHT and that at higher concentrations T or DHT has no further effect 
on prostate growth when all ARs are bound to T or DHT, which was proposed to be 
termed the saturation point. Due to this saturation point, excess DHT may result in 
the suppression of androgenic-induced proliferation of CRPC cells.

CRPC may have an unknown regulation system to protect themselves from the 
androgenic suppressive effect.

38.3  The PI3K-PTEN-AKT-mTOR Pathway

Phosphatidylinositol (PI), a phospholipid constructing the cell membrane, and its 
phosphorylated product, phosphatidylinositol-3-phosphate, play important roles in 
the intracellular signal transduction pathway. Phosphatidylinositol 3-kinase (PI3K) 
is activated by growth factors and receptor tyrosine kinases. PI3K activation trans-
mits to the AKT signaling pathway, which, in turn, regulates many downstream 
factors and is involved in various signaling pathways, such as cell growth, inhibition 
of apoptosis, and metabolism control. Phosphatase and tensin homolog deleted on 
chromosome 10 (PTEN) is a lipid phosphatase that negatively regulates PI3K by 
catalyzing dephosphorylation, the reverse reaction of PI3K-induced phosphoryla-
tion. PI3K-PTEN-AKT-mTOR pathway was altered in a half of the patients, mak-
ing it the second most frequently altered pathway after androgen receptor, commonly 
through loss of PTEN, amplification of PIK3CA/B, and activating mutation of 
PIK3CA/B and AKT1 [4, 6].

Loss of PTEN function is considered to induce AKT phosphorylation and further 
augment constitutive activation of the AKT signaling pathway. mTOR kinase is a 
serine-threonine kinase involved in cell growth, proliferation, and survival. It forms 
mTOR complex1 (mTORC1) and mTOR complex2 (mTORC2). mTORC1 is one of 
the AKT signaling pathways. Consequently, the PI3K/Akt signaling pathway is an 
important target in CRPC (Fig. 38.2). Consequently, the PI3K-PTEN-AKT-mTOR 
signaling pathway is attracting attention as a mechanism of oncogenesis in prostate 
cancer and as a therapeutic target [27, 28]. In prostate cancer cells lacking PTEN, 
activated AKT phosphorylates FOXO1, resulting in its nuclear exclusion. FOXO1 
binds to AR in the nucleus and inhibits transcriptional activity of AR splice variants, 
thereby inducing androgen-independent activation of the AR [29]. The targeting 
intracellular networks of PTEN–AKT–FOXO1 axis could be a potential strategy for 
inhibiting aberrant AR activation and androgen-independent tumor growth. In the 
past, many inhibitors targeting PI3K-PTEN-AKT-mTOR signaling by monothera-
pies have had a lack of efficacy leading to failure of clinical study [27, 28].

This is thought to be due to lack of specificity, coexisting alterations, and recipro-
cal signaling feedback [30–32]. Recently, multiple inhibitors of specific PI3K iso-
forms have begun testing in clinical trials, potentially increasing the specificity of 
these agents. In CRPC, there are recurrent mutations in PIK3CB and frequent loss 
of PTEN, which may activate PIK3CB over PIK3CA, suggesting the need for these 
specific PI3K isoforms inhibitors to effectively clinically target these signaling 
pathways [33].
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38.4  DNA Repair Defects

The most common aberrant gene is a germ line mutation of BRCA2 with 12.7% of 
PCa patients [6, 34]. Other somatic and germ line DNA repair alterations were 
found in ATM, BRCA1, FANCA, RAD51B, etc. Those DNA repair alterations are 
involved in homologous recombination (HR) DNA repair, mismatch repair (MMR), 
and nucleotide excision repair (NER). Alterations in these genes that are involved in 
HR occur in up to 30% of CRPC cases. These results indicate the implications for 
PARP inhibitors, which revealed significant efficacy in patients with BRCA2 muta-
tions or other DNA repair alterations in CRPC and other tumor types (Fig. 38.3). A 
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phase II trial of olaparib, one of PARP inhibitors, was conducted for CRPC patients: 
TOPARP study [35]. Sixteen of the 50 patients harbored DNA repair gene altera-
tions, and 14 out of those 16 patients responded to olaparib, highlighting potential 
therapy for mCRPC with DNA repair gene alterations. Based on these promising 
findings, multiple clinical trials using PARP inhibitors are ongoing in conjunction 
with genetic characteristics of DNA repair gene alterations.

Notably, recent studies have reported that 12.9% metastatic prostate cancers 
have germline mutations in DNA repair genes [36]. These results suggest the change 
of the clinical care of patient with advanced prostate cancer irrespective of family 
history. Higher rate of germline mutations in DNA repair genes than expected will 
provide the change of clinical practice of germline testing of DDR-related genes for 
CRPC patients.

Other studies have reported that PARP was significantly correlated with ETS 
family, AR signaling pathways or PI3K/AKT signaling pathways [37–43], suggest-
ing the broader efficacy of targeting DNA repair pathways including PARP inhibitor 
more than expected.

38.5  WNT Pathway

The WNT pathway has many biologic functions from embryonic development and 
differentiations. WNT pathway, including activating CTNNB1, APC, RNF43 muta-
tions, or rearrangements of R-spondin family members, have been identified in 
metastatic CRPC [6, 44]. These mutations have consisted of 18% of metastatic 
CRPC patient. Recent study demonstrated an upregulation of WNT signaling path-
ways in CRPC patients’ circulating tumor cells. The WNT pathway has been known 
to be extremely difficult to target by inhibitors because of the multiple and com-
plexities of ligands and downstream pathways [45, 46]. The WNT pathway 
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activated by proteins secreted by tumor cells or stromal cells as part of an autocrine 
loop resulted in the difficulty of targeting this pathway [47–49]. It is controversial 
and unknown whether an agonists or antagonists would work better to inhibit tumor 
growth in CRPC [45, 46].

38.6  Liquid Biopsy

Genomic profiling of tissue biopsies can be used to investigate genomic alteration. 
There is also the reality that not all patients can get a safety biopsy. Moreover, speci-
mens got by biopsy may not capture the precise extent of disease due to the hetero-
geneity in a CRPC patient.

Recent research have focused on several noninvasive strategies, including the use 
of liquid biopsy techniques, which include the use of circulating tumor cells (CTCs) 
and cell-free DNA (cfDNA) to identify genomic alterations of CRPC [50–60]. 
These methods avoid the problem of accessibility and the safety of tumor biopsy, as 
well as the heterogeneity (Fig. 38.4).
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Although studies of CTCs in CRPC have focused on CTC enumeration or count 
in the past, the topics have shifted towards the molecular characterization of CTCs. 
Recent studies have also developed primary cell cultures from CTCs, which may 
lead to investigate the drug sensitivity or genome analysis.

Genomic profiling of CTCs and cfDNA can be used to investigate the sequential 
monitoring of molecular dynamics and to overcome resistance and select adaptive 
drug administration [51, 55, 57, 60].

From a clinical viewpoint, early detection of drug resistance is critical issue. 
These Liquid Biopsy systems may also help us identify patients who are developing 
resistance earlier than imaging modalities near future.

 Conclusion
This review refers to a large number of genetic studies, drug development, and 
clinical trial of CRPC, especially focusing on targeted approach to CRPC. Our 
understanding of the heterogeneity and genetic characteristics of CRPC demon-
strates underlying their complexity. Molecular stratification of patient groups 
will clearly be critical to successful drug development and clinical trials. Future 
trials may take into account the genotypic characteristics of CRPC by selecting 
patients who are optimized to respond the trial drugs.
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Abstract
Although de-novo neuroendocrine prostate cancer (NEPC) is rare, with increas-
ing use of potent androgen receptor (AR) pathway inhibitors, the incidence of 
treatment-related NEPC (t-NEPC) is rapidly rising. Since NEPC is an aggressive 
disease with poor prognosis, novel therapeutic strategies are urgently needed. 
Recent genomic and molecular analysis have identified key oncogenes (MYCN, 
AURKA) and tumor suppressor genes (TP53, RB1) to play key roles in driving 
NEPC. Novel in vivo and in vitro research models of NEPC were developed to 
serve as valuable resource to study functional relevance of the key genes in 
NEPC development. Upon AR pathway inhibition, these genomic alterations 
seem to facilitate epithelial plasticity by upregulating the genes implicated in 
maintaining pluripotency (SOX2, EZH2), resulting in development of divergent 
tumor including NEPC from castration resistant prostate cancer. Further under-
standing of the molecular biology is required to identify novel molecular targets 
and biomarkers that would help rescue patients from this lethal variant.

Keywords
Neuroendocrine prostate cancer · Anaplastic prostate cancer · Aggressive variant 
prostate cancer · Epithelial plasticity

39.1  Introduction

Neuroendocrine prostate cancer (NEPC) is a rare form of aggressive prostate cancer 
which grows independently of androgen receptor (AR) signaling pathway. Typically, 
the tumor shows small cell carcinoma morphology, expresses neuroendocrine(NE) 
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markers such as Chromogranin A, Synaptophysin, NCAM1, and NSE, and does not 
express AR or PSA. Clinically, it is characterized by exclusive visceral or predomi-
nantly lytic bone metastases, bulky tumor masses, sensitivity to platinum containing 
chemotherapy regimen, and poor survival [1]. The incidence of de-novo NEPC was 
reported to be 0.5–2% [2]. However, NEPC is also known to arise in patients who 
have been heavily treated with AR pathway targeting therapy [3]. This form of 
NEPC is known as treatment-related neuroendocrine prostate cancer (t-NEPC) [4]. 
The incidence of t-NEPC has been rising rapidly due to increasing use of potent AR 
pathway inhibitors such as Abiraterone and Enzalutamide. A recent autopsy series 
showed that up to 25% of the patients dying from CRPC demonstrated some signs 
of t-NEPC [5]. With its increasing incidence and lack of appropriate treatment, 
NEPC is emerging as an imminent threat to treatment of prostate cancer patients, 
and it is imperative to understand its disease biology and develop novel treatment 
strategy for this lethal disease [6].

39.2  Classification of NEPC

In 2013, a working group assembled by Prostate Cancer Foundation proposed a new 
pathologic classification of NEPC [7]. The new classification consisted of (1) usual 
prostate adenocarcinoma with NE differentiation, (2) adenocarcinoma with Paneth 
cell NE differentiation, (3) carcinoid tumor, (4) small cell carcinoma (SCC), (5) 
large cell neuroendocrine carcinoma (LCNEC), and (6) mixed NE carcinoma- acinar 
adenocarcinoma. In addition, CRPC with small cell carcinoma-like clinical presen-
tation was defined as an independent entity. The word “treatment-related neuroen-
docrine prostate cancer (t-NEPC)” has been used interchangeably with “anaplastic 
prostate carcinoma” [1] and “aggressive variant prostate carcinoma (AVPC)” [6]; 
however, the latter two are defined entirely based on clinical factors and may encom-
pass a broader range of AR independent CRPC. Prior to the proposal of the new 
pathologic classification, the clinical impact of NEPC was confounded by contra-
dictory results [8, 9]. Since the clinical implication of NEPC other than SCC and 
t-NEPC is unclear, the working group recommended against routine IHC examina-
tion of prostate cancer specimen for NE markers. Currently, it is recommended that 
PCa mixed with NE marker positive cells be treated with androgen deprivation 
therapy unless the tumor shows morphologically distinct SCC [6].

39.3  Cell of Origin of NEPC

Normal prostate gland contains foci of NE cells scattered within the prostatic epi-
thelium [7]. These cells are known to release various peptide hormones including 
chromogranin A, calcitonin, and NSE and affect the surrounding cells. However, in 
normal prostate gland, these cells are quiescent. Whether NEPC arises from these 
NE cells or from epithelial cells has been under long debate. Although the origin of 
de-novo NEPC is still not clear, recent genomic and molecular studies have shown 
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that t-NEPC arises from adenocarcinoma by transdifferentiation [6, 10–13]. 
TMPRSS-ERG gene fusion is the most frequent structural variation seen in prostate 
cancer, and is reported to be observed in nearly half of PCa cases [14]. TMPRSS- 
ERG translocation is known to be an early event in PCa carcinogenesis [15]. 
Intriguingly, the reported frequency of the translocation is similar in t-NEPC com-
pared to that in adenocarcinoma [16], and a recent study reported that there was a 
large overlap in the overall somatic copy-number landscape between CRPC and 
t-NEPC [13]. Epithelial plasticity is a phenomenon in which cells treated with spe-
cific molecular targeting therapy acquire phenotypic characteristics of a cell lineage 
whose survival no longer depends on the targeted pathway [17]. A recent molecular 
study has shown that MYCN and AKT1 could transform human epithelial cells to 
both PCa and NEPC [18], and another study demonstrated that TP53 and RB1 
silenced prostate cancer cells could give rise to both CRPC and NEPC [19, 20]. 
Supported by these robust genetic and molecular biology data, it is now considered 
that upon potent AR pathway inhibition, NEPC develops from adenocarcinoma as a 
result of epithelial plasticity [13].

39.4  Research Models of NEPC

Until recently, LNCaP cell line has been studied extensively as a model of NEPC 
transdifferentiation, since the cells start to take “neuronal” cell morphology and 
express NE markers under various stress including androgen depletion [21, 22] and 
treatments with cAMP [23–25], cytokines [26, 27], and growth factors [28]. 
However, the morphology of the cells is completely distinct from those of SCC, and 
the cells are generally slower growing than the untreated cells [29]. Even though 
some researchers have claimed that these cells promote growth of the surrounding 
cells in a paracrine manner [30], it is more likely that these cells represent quiescent 
NE cells seen in some CRPC specimen and not the clinically aggressive NEPC. It 
has recently been reported that dual knockdown of TP53 and RB1 in LNCaP cells 
facilitates lineage plasticity and some of the cells transdifferentiate into 
NEPC.  Considering the critical role of these major tumor suppressors discussed 
later in this chapter, this may be a more appropriate model to study NEPC develop-
ment in vitro.

To date, only one cell line has been established from clinical NEPC. NCI-H660 
was initially described as a small cell lung carcinoma [31], however, later corrected 
to be derived from the prostate, and the cell line harbors TMPRSS-ERG transloca-
tion [32]. The cell line also harbors TP53 mutation and RB1 deletion. Interestingly, 
the cell line grows as floating cells similar to most other cell lines derived from SCC 
of the lung, and is easier to grow in vivo than in vitro. Considering the origin of the 
cell line, NCI-H660 represents the best model to study t-NEPC; however, its slow 
growth in vitro and difficulty of transfection raises the bar in terms of its use in 
many molecular biology experiments.

Several patient-derived xenograft (PDX) models of NEPC have been reported 
[33–35]. Of those, LTL-331/LTL-331R is a unique model of transdifferentiation [11]. 
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LTL-331, which was established by grafting a Gleason score 9 adenocarcinoma from 
a patient into mouse sub-renal capsule, regresses upon castration, however, later 
regrows as a PSA negative NEPC (LTL-331R). Even though LTL-331 shows normal 
adenocarcinoma morphology and expresses AR and PSA, LTL-331R is consistent 
with SCC, does not express AR or PSA, and expresses NE markers including 
Chromogranin A and Synaptophysin. The rapid growth of LTL-331R is consistent 
with aggressive behavior of clinical NEPC, and at the transcriptome level, LTL-331R 
is highly similar to clinical NEPC. At the DNA level, LTL-331 and LTL-331R show 
very similar copy-number profile and fusion gene profile, suggesting transdifferentia-
tion from adenocarcinoma to NEPC rather than clonal selection of preexisting minor 
NEPC cells. Even though the transdifferentiation from LTL- 331 to LTL-331R is 
highly reproducible, the exact mechanism or genetic signature that predispose to 
NEPC transdifferentiation is unclear. Intriguingly, the LTL-331 harbors a single-copy 
loss of TP53 and functional C277G mutation in the remaining allele [10]. In addition, 
there is a single-copy loss of RB1. Since dual alteration of TP53 and RB1 is known to 
facilitate lineage plasticity, and there is significant alteration in the Rb pathway genetic 
signature upon transdifferentiation from LTL-331 to LTL-331R, these baseline altera-
tions of TP53 and RB1 may be one of the factors which predispose to transdifferentia-
tion. To date, LTL-331 model serves as the only model of transdifferentiation.

With recent identification of key oncogenes and tumor suppressor genes in 
NEPC development, several genetically engineered mouse models of NEPC have 
been developed. Next generation sequencing studies have identified amplification 
of MYCN in NEPC [2], and a murine model expressing N-myc specifically in the 
prostate was generated [36]. In the model, N-myc overexpression, in cooperation 
with Pten knockout, resulted in large invasive prostate tumors with a variety of mor-
phologies including foci of AR positive adenocarcinoma and SCC. This likely rep-
resents the NEPC formation as a result of lineage plasticity. Another genomic 
hallmark of NEPC is aberration of p53 and Rb pathway, which is also common in 
SCC of the lung. Conditional double knockout of Pten and Rb1 in the murine pros-
tate resulted in development of heterogenous tumor, and additional p53 knockout 
conferred de-novo resistance to hormone therapy [19]. The double and triple knock-
out models showed gene signature similar to clinical NEPC. Overall, these geneti-
cally engineered mouse models could serve as ideal models to study development 
of NEPC which occurs as a result of epithelial plasticity.

A classic murine model of spontaneous prostate carcinogenesis is transgenic 
adenocarcinoma mouse prostate (TRAMP) [37]. TRAMP model is a genetically 
engineered murine model driven by conditional expression of SV40 large T antigen 
in the prostate, and p53 and Rb pathways are inactivated. TRAMP male mouse 
develops PCa with distant metastasis by 24–30  weeks of age, and subsequently 
some tumors progresses to NEPC, in line with lineage plasticity [38]. Cell lines 
have also been established from TRAMP tumors for in vitro use [39].

The research models discussed in this section are mainly for studies of 
t-NEPC. Currently, there is no specific model for de-novo NEPC, and whether the 
research models for t-NEPC could also be used to study de-novo NEPC is not clear.
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39.5  Molecular Basis of NEPC

Next generation sequencing of clinical NEPC samples have opened the door to 
understanding the genomic and molecular features of NEPC. Here we specifically 
focus on the major pathways and genes involved in t-NEPC development, and how 
these findings contributed to the current concept that t-NEPC develops from adeno-
carcinoma as a result of epithelial plasticity.

39.5.1  MYCN, AURKA, and NEPC

MYCN and AURKA amplifications were among the first genomic aberrations identi-
fied using next generation sequencing of NEPC [2]. These alterations were discov-
ered by RNA-sequencing and oligonucleotide array of a cohort of NEPC and PCa 
clinical samples followed by validation using a large patient cohort. The study 
showed MYCN and AURKA overexpression/ gene amplification in 40% of NEPC 
and 5% of PCa. MYCN and AURKA are oncogenes that are known to interact with 
each other. Interestingly, in nearly all AURKA amplification positive case of NEPC, 
there was concurrent amplification of MYCN. Aurora kinase A and N-myc protein 
interacted in vitro and enhanced Aurora kinase A stability. N-myc overexpressed 
LNCaP cells were sensitive to Aurora kinase A inhibitor in vitro. In vivo, NCI-H660 
xenograft model was sensitive to Auroka kinase A inhibitor in contrast to LNCaP 
xenograft which showed no response. These findings have led to an ongoing multi-
center phase II clinical trial using Auroka kinase A inhibitor MLN8237 in NEPC 
patients (ClinicalTrials.gov Identifier: NCT01799278). Early results showed mod-
est response; however, two patients achieved exceptional response with complete 
resolution of liver metastasis. Additional biomarker to predict responders is likely to 
be required.

The critical role of MYCN in NEPC development has prompted generation of the 
murine model discussed above. Gene set enrichment analysis of the tumor that 
developed in the model showed enrichment of PRC2/EZH2 targets and suppression 
of AR signaling [36]. EZH2 is a component of PRC2 complex that primarily meth-
ylates H3K27 to suppress transcription and is implicated in maintaining pluripo-
tency. EZH2 cooperatively suppress expression of N-Myc targets including AR and 
drives NEPC. EZH2 silencing as well as EZH2 inhibition using GSK503 restored 
Enzalutamide sensitivity of PTEN and RB1 double knockout mouse in vivo. Another 
EZH2 inhibitor (GSK343) preferentially decreased the viability of NCI-H660 cells, 
as compared to that in other non-neuroendocrine prostate cancer cells. EZH2 inhibi-
tion may be a novel approach for NEPC treatment.

Another study showed that in primary human prostate basal epithelium, over-
expression of MYCN and AKT1 was sufficient to transform the cells to grow 
tumors in mice, and the tumor that developed showed mixed NEPC and adeno-
carcinoma, which also supports the concept that MYCN facilitates epithelial plas-
ticity [18].
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39.5.2  p53, Rb Pathway, and NEPC

p53 mutation and RB1 inactivation have been known to be one of the most common 
genomic aberrations in lung SCC [40, 41]. In prostate SCC, strongly positive p53 
staining by IHC was observed in 56% of SCC with 60% of the cases showing TP53 
mutation. Rb protein loss was seen in 90% of SCC with RB1 allelic loss in 85% of 
the cases [42]. In addition, RB1 copy number loss was identified to be the strongest 
discriminator between “aggressive variant prostate cancer” and unselected CRPC 
[43]. However, in routine clinical practice, it is difficult to examine RB1 copy num-
ber. Therefore, the usefulness of p16 and cyclin D1 expression by IHC as surrogates 
for Rb pathway activity was tested [44]. As a result, expression of Cyclin D1 paral-
leled with loss of Rb signature, and overall, 88% of SCC showed Cyclin D1 loss by 
IHC compared with less than 10% in high grade PCa, confirming the usefulness of 
Cyclin D1 IHC as a marker of Rb pathway aberration.

Functionally, p53 and Rb inactivation collaborate to enhance epithelial plasticity, 
which eventually lead to development of NEPC. In vitro, dual knockdown or knock-
out of TP53 and RB1 in LNCaP resulted in increase of basal cell and NE markers 
and reduction of luminal cell markers [20]. Dual knockdown of TP53 and RB1 was 
sufficient to confer resistance to Enzalutamide. The study also identified that dual 
knockdown of TP53 and RB1 results in SOX2 elevation, and that the increased 
expression of NE and basal markers as well as Enzalutamide resistance in these 
cells can be rescued with SOX2 knockdown. These results indicate that SOX2 over-
expression upon p53 and Rb inactivation is one of the major mechanisms of 
enhanced lineage plasticity. Another study, using the previously discussed in vivo 
model of conditional knockout mouse, similarly showed that increased lineage plas-
ticity observed upon RB1 and TP53 loss is conferred by increased expression of 
SOX2 and EZH2 [19]. Even though direct relationship between MYCN/AURKA 
amplification and p53/ Rb inactivation has not been clarified yet, both pathways 
seem to drive NEPC by upregulating genes implicated in maintenance of pluripo-
tency and facilitating lineage plasticity.

39.5.3  AR Inhibition and NEPC

Another area of intensive research is how AR inhibition drives NEPC.  A recent 
study identified a neural transcription factor BRN2 to be one of the major genes that 
link AR inhibition to NEPC development [45]. The gene was identified using a 
unique panel of Enzalutamide resistant cell lines derived from serial in vivo selec-
tion of LNCaP xenografts. The panel consisted of heterogenous clones with differ-
ent AR and PSA expression levels. One of the clones, 42DENZR represented NEPC, 
and by comparing the whole transcriptome of the panel of cells, BRN2 was identi-
fied to be specifically upregulated in 42DENZR. BRN2 was directly repressed by AR, 
and BRN2 expression induced NE marker expression and promoted cell growth. 
Furthermore, BRN2 regulated expression and activity of SOX2, again showing asso-
ciation between NEPC and increased lineage plasticity.
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Paternally Expressed 10 (PEG10) is another gene directly repressed by AR that 
is implicated development of NEPC [10]. PEG10 is a unique retrotransposon 
derived gene that retains gag and pol domain [46]. Structurally, PEG10 resembles 
HIV virus, and has a unique −1 ribosomal frameshift sequence which enables bal-
anced expression of gag (RF1) and pol (RF1/2) protein [47]. PEG10 integrated into 
the therian mammalian genome after the split with prototherians and is indispens-
able for placental development [48]. PEG10 RF1 promotes cell invasion through 
TGF-β pathway, and PEG10 RF1/2 promotes cell cycle progression in the absence 
of TP53 and RB1 [10]. The expression and function of PEG10 is tightly regulated 
by p53, Rb, and N-myc. Since PEG10 is a testicular antigen whose expression in 
normal cells is restricted to embryonal organs and neurons [49], and it has domains 
similar to HIV, PEG10 is potentially targetable [50].

39.5.4  Clonal Evolution of NEPC

The mode of clonal evolution of NEPC has been recently studied by whole-exome 
sequencing of sequential biopsies from the same patients during treatment [13]. 
Divergent clonal evolution, in which CRPC and NEPC cells could arise from the 
same CRPC clone in a divergent manner, was the most compatible mode of evolu-
tion. A recent report from SU2C/PCF/AACR West Coast Prostate Cancer Dream 
Team reported another distinct subtype of CRPC which histologically shows inter-
mediate pattern between SCC and adenocarcinoma. These results are consistent 
with in vivo and in vitro data which supports the concept that t-NEPC arises as a 
result of enhanced epithelial plasticity upon potent AR pathway inhibition and addi-
tional aberrations in major oncogenes and tumor suppressor genes.

39.6  Future Perspective

Due to the rarity of NEPC and lack of suitable in vitro and in vivo models that rep-
resents clinical NEPC, NEPC was understudied until quite recently. However, next 
generation sequencing of NEPC samples have opened the door to understanding the 
genetic hallmarks of NEPC, and novel in vivo models are now at hand to study 
molecular mechanisms underlying its disease biology. With increasing threat of 
NEPC, further efforts are required to identify novel therapeutic targets and biomark-
ers that would lead to effective treatment of this lethal variant.
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Abstract
Prostate is an ideal target organ for gene therapy as a translational research. It has 
some advantages as follows: prostate is not a life keeping organ, can be 
approached easily by ultrasound as a routine clinical practice and PSA is a sensi-
tive and useful tumor marker for the evaluation of clinical response.

Intraprostatic therapeutic gene transduction (in situ gene therapy) is one of the 
potent therapeutic options for prostate cancer gene therapy aiming at antimetastatic 
benefits through the generation of immune cell-mediated cytotoxic activities that 
affect not only the primary tumor but also metastatic lesion. In this chapter, current 
outcome and future prospect of prostate cancer gene therapy are discussed.

Keywords
Gene therapy · Prostate cancer · Apoptosis · Anti-tumor immunity · Cancer 
vaccine

40.1  Introduction

Gene therapy involves the introduction, transfer, and expression of genetic material 
within individual cells to treat certain disorders. The number of cancer gene therapy 
protocols is 1589 in April 2017 [1]. Although gene therapy is regarded as a potent 
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therapeutic option, many scientific obstacles need to be overcome before it can 
become a practical form of therapy. The world’s first gene therapy for prostate can-
cer (suicide gene therapy) was initiated in 1996 at Baylor College of Medicine in 
USA. Since then, the department of Urology at Okayama University has been con-
ducting joint research. Ongoing research and development of gene therapy for cas-
tration resistant prostate cancer (CRPC) using adenovirus vector, such as suicide 
gene therapy (Ad-HSV-tk) [2] or the adenovirus-mediated expression of interleukin 
12 (Ad-IL-12) and, subsequently, the REIC gene (Ad-REIC), which is an original 
research development from Okayama University [3], has been making substantial 
progress. This chapter outlines the current state, clinical development, and pros-
pects of gene therapy for prostate cancer including research outcome at Okayama 
University.

40.2  Advantages of Prostate Cancer in the Development 
of Gene Therapy for Solid Tumors

The total number of cancer gene therapy protocols designed worldwide, until April 
2017 is 1589. Among them, the number of protocols designed for prostate cancer 
alone is 144, which was second most to melanoma (Table 40.1). This implicates that 
prostate cancer can be an ideal target for the clinical development of gene therapy for 
solid tumors. This aspect is further summarized in Table 40.2. Prostate cancer is one 
of the most common types of cancers in men, and new innovative treatments are 
highly anticipated especially for metastatic castration resistant prostate cancer 
(mCRPC). Prostate is not life keeping organ like brain, liver, lung, and pancreas and 
functionally is not essential for aged men. Prostate can be easily monitored by ultra-
sound and needle insertion can be performed safely as a routine clinical practice. 

Table 40.1 Current status of 
gene therapy for cancer: no. 
of worldwide protocols

Melanoma 221
Prostate cancer 144
Leukemia 135
Lung cancer 105
Brain tumor 93
Breast cancer 87
Head and neck 83
Cancer 76
Ovarian cancer 75
Colon cancer 39
Renal cancer 21
Bladder cancer 510
Others 1589

(updated Apr. 2017)

http://www.wiley.co.uk/genmed/clinical/

Y. Nasu and M. Watanabe

http://www.wiley.co.uk/genmed/clinical


399

Specific cancer lesion can also be targeted in combination with ultrasound and 
MRI. Such less invasiveness has clinical advantage in case of direct injection of thera-
peutic material into targeted lesion in prostate. Some promoters (PSA, Osteocalcin, 
PSMA) which control gene expression are highly specific to prostate. PSA is avail-
able as an extremely useful tumor marker which indicates therapeutic response.

40.3  Classification of Gene Therapy for  
Prostate Cancer (Table 40.3)

The method of introducing therapeutic gene can be categorized into ex vivo and 
in vivo. The treatment strategy involves the selective induction of cancer cell death 
and activation of anticancer immunity. Prostate cancer is a disease caused by mul-
tiple genetic abnormalities. The main genes associated with treatment target are 
tumor promoting genes or tumor suppressor genes. In reality, treating cancer with 
complete restoration of the abnormal gene is difficult. The therapeutic effect of p53 
gene therapy, which is considered as one of the main anticancer gene therapies, 
consists of activation of the p53 gene by gene transfer, leading to cell cycle arrest 
and induction of apoptosis. Suicide gene therapy is another potent choice, which 
causes direct apoptosis. The therapy involves the combination of herpes simplex 
virus thymidine kinase (HSV-tk) gene and ganciclovir (GCV)/ valacyclovir (VCV). 
GCV and VCV are anti-herpetic pro-drugs and can be rapidly phosphorylated into 
an effective cytotoxic drug by HSV-tk but mammalian thymidine kinase has low 
affinity with these pro-drugs. The phosphorylated drugs, which are nucleotide ana-
log, are incorporated into DNA during cell division, leading to termination of DNA 
replication and cell death [2].

In vivo immune gene therapies with modified tumor cells carrying immunomod-
ulatory cytokines such as granulocyte–macrophage colony stimulating factor 
(GM-CSF), interleukin 2 (IL-2), and interleukin 12 (IL-12) are also being explored. 

Table 40.2 Prostate cancer 
is an ideal target for research 
and development of gene 
therapy for solid tumors

•  Prostate cancer is one of the most common types of cancer
 Metastatic, castration resistant prostate cancer eagerly 
await new treatment

•  Prostate is not life keeping  nor essential organ for aged men
The therapeutic ablation of the prostate is not life threatening

•  Can be easily monitored by ultrasound surveillance
Prostate biopsy and gene transfer can be performed safely 
and conveniently

•  Promoters that control gene expression are available
PSA, PSMA, Probacin, Osteocalcin

•  PSA is sensitive tumor marker
Available as an extremely useful indicator of therapeutic 
evaluation

40 Gene Therapy for Prostate Cancer: Current Status and Future Prospects
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The GM-CSF vaccine using surgically extracted autologous prostate cancer cells 
was originally implemented as an ex vivo gene, but the procedure proved to be too 
complicated. However, in a large scale clinical trial, the GM-CSF incorporated gene 
tumor vaccine GVAX® (Cell Genesys) was successfully implemented in cultured 
human prostate cancer cell lines PC-3 and LNCaP [4].

The new forms of cancer gene therapy, including MDA-7 [5] and REIC/Dkk-3 
[3] gene, induce selective cell death and activation of immunity. These are the next 
generation of autologous cancer vaccines. Among them, REIC/Dkk-3 gene therapy 
is thought to be very potent. Using a safe technique for local gene vector delivery, 
significant therapeutic effects at both metastatic and local lesions are anticipated. 
For the clinical development of novel biologics, proof of concept (POC), as a 
method of verification in the early stages of clinical trials, is needed. Preoperative 
neo-adjuvant therapy using new type of therapeutic testing agent followed by pros-
tatectomy can be one of the useful methods to create POC of testing agent [6]. 
Preoperative PSA response indicates direct clinical reaction and immune and 
molecular pathological analysis of resected specimens indicate immunological 
reactions precisely. Neo-adjuvant type of prostate cancer gene therapy produced a 
paradigm shift in gene therapy methods in exploring POC of the various type of 
gene therapy [6].

Table 40.3 Classification of gene therapy for prostate cancer

1. Selective induction of cell death in cancer cells
  (a)  Restoration gene therapy: Apoptosis induced by cancer associated gene repair: p53, 

p16, PTEN, etc.
  (b) Suicide gene therapy: Apoptosis induction by pro-drug activation gene
   • Herpes simplex thymidine kinase (HSV-tk); Ganciclovir (GCV)
   • Cytosine deaminase/5-fluroracil (CD/5-FC)
   • Double Suicide Gene Therapy: HSV-tk/GCV+ CD/5-FC

  (c) Oncolytic virus therapy: selective growth of virus using cancer selective promoters
   • Oncolytic Adenovirus; Herpes simplex virus

  (d) Combination therapy
   • Gene therapy that incorporates virus growth restriction
   • Gene therapy in combination with radiation therapy (synergistic effect)

2. Activation of anticancer immunity: Cytokine gene
  (a) Immune gene therapy (in vivo gene transfer): activation of anticancer immunity
   • Granulocyte-monocyte colony stimulating factor (GM-CSF), L2, IL12

  (b) Gene tumor vaccine (ex vivo gene transfer)
   • Prostate cancer autologous cell vaccine: GM-CSF vaccine
   • Allogenic prostate cancer cell vaccine: GVAX (GM-CSF-secreting allogenic cells)

3. Simultaneous activation of cell death and selective cancer immunity
  (a) REIC/Dkk-3 gene therapy: next generation autologous cancer vaccine therapy
  (b) Armed therapeutic viruses: Cytokine Gene therapy that incorporates virus growth 

restriction

Y. Nasu and M. Watanabe
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40.4  Ad-REIC/Dkk-3 Gene Therapy for Prostate Cancer, 
as a New Form of Autologous Cancer Vaccine

40.4.1  REIC/Dkk-3

The REIC/Dkk-3 gene is a tumor suppressor gene, identified independently at 
Okayama University, whose expression is decreased with the immortalization of 
normal human fibroblasts [7]. Tsuji et  al. performed subtractive hybridization 
using cobalt irradiation on mRNA of normal fibroblasts which stopped proliferat-
ing and mRNA of immortalized fibroblasts which continued to proliferate. They 
showed that mRNA and protein expression profiling were significantly reduced or 
absent in immortalized cells. From this unknown mRNA group, the REIC gene 
had been identified. In addition, REIC is identical to the Dkk-3 gene of the Dkk 
family. The REIC gene is located on the human chromosome 11p15.1. It contains 
nine exons spanning over 1050 bp. The cDNA encodes a deduced 38.3 kDa pro-
tein with 350 amino acids which possess an N-terminal signal peptide, two cyste-
ine-rich domains, and two coiled-coil domains (identical to the Dkk-3 gene) [8] 
(Fig. 40.1).

Reduced expression of REIC/DKK-3 protein was
observed in all cancer & immortal cells
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Fig. 40.1 REIC/Dkk-3 (Reduced Expression in Immortalized Cells/Dickkopf-3)
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40.4.2  Mechanism of Cancer Gene Therapy by REIC 
as an Autologous-Cancer Vaccine

Conventionally, in gene therapy for solid tumors, techniques inducing selective 
apoptosis of cancer cells and activation of anticancer immunity have been studied. 
By using the Ad-REIC formulation (formulation of REIC gene encodes a full-length 
in adenovirus vector) to achieve a powerful therapeutic effect based on the strength 
of REIC gene expression, experiments in tumor-bearing mouse model of prostate 
cancer, inducing two therapeutic effects, were conducted [9, 10]. The mechanism of 
this synergistic effect in various cells is shown in Fig. 40.2. Selective cell death in 
cancer cells is due to direct cell death caused by a failure to accumulate large 
amounts of REIC protein folding in the lumen of the endoplasmic reticulum of can-
cer cells, whose REIC gene expression has been suppressed (endoplasmic reticulum 
stress-induced apoptosis). Mitochondrial transition of Bax and the downregulation 
of Bcl-2, as a result of c-jun N-terminal Kinase (JNK), have been shown to be 
directly involved in the molecular mechanism of cell death [11–14].

In addition, the purified REIC protein has the ability to induce differentiation of 
peripheral blood monocytes into dendritic cell like cells expressing surface antigen 
specific markers such as CD40 and CD86. Moreover, direct topical administration 
of REIC protein into experimental tumors showed growth suppressive effects [9]. 
As shown in Fig.  40.2, dendritic cell like cells for cancer antigen-membrane 

Ad-REIC
IntraprostaticI nj. 

Possible Mechanism of REIC gene therapy
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Antigen
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Tumor
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∑ Induction of CTL
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Fig. 40.2 Possible mechanism of REIC gene therapy
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fragments arise as a result of selective apoptosis of cancer cells at the tumor site. 
And systemic activation of cytotoxic T cells is induced and can be considered as an 
autologous cancer vaccine. On the other hand, it has been proved experimentally 
that, in normal cells like stromal cells within the tumor, by transfection of Ad-REIC, 
IL-7 can be produced through the ASK1-p38 kinase system by activation of the 
stress sensor of endoplasmic reticulum (IRE1). IL-7 is a key molecule to induce 
anticancer immunity by the activation of NK cells [10]. The enhancing effect of 
these synergistic antitumor mechanisms (simultaneous T cell and NK cell activa-
tion) emphasizes the significance of therapeutic effects not only in  local cancer 
lesions but also in distant metastatic tumors.

40.4.3  Clinical Research on Gene Therapy, Using  
Ad-REIC Formulation for Prostate Cancer, as an 
Autologous Cancer Vaccine

Based on the accumulated preclinical studies and production of clinical grade ade-
novirus vector encoding REIC gene, clinical study protocol was reviewed by local 
and national review board. After the approval by both review boards, the first-in- 
human (FIH) clinical study was conducted at Okayama University. Protocol con-
sists of two categories of patient groups (A: neo-adjuvant, B: CRPC with or without 
metastasis) (Fig. 40.3)

A Phase I/IIa Clinical Study of Ad-REIC for Prostate Cancer 

Group A

High Risk 
Localized Prostate Ca

・Neoadjuvant · CRPC with or without
   metastasis

Prevention 
of relapse 
after surgery

Systemic effects
by augmented 
tumor immunity

Study Outline Study Outline
   Treatment   Two intra-tumoral injs,      
   8, 6 weeks prior to prostatectomy

   Primary & Secondary Endpoints
   Same as for group A
 ÞEarly establishment of POC mainly 
   based on immuno-pathological 
   evaluation of surgical specimens.

  Treatment   Two intra-tumoral injs,      
   at 4-week intervals; repeatable in cases
showing positive responses
   Primary Endpoint
   Safety, MTD (3 escalating doses)
   Secondary Endpoint
  Efficacy, immunological response,  
  surrogate marker

REIC

REIC

Attack

Attack

Castration Resistant
Prostate Ca.(CRPC)

Group B

Fig. 40.3 A phase I/IIa clinical study of Ad-REIC for prostate cancer

40 Gene Therapy for Prostate Cancer: Current Status and Future Prospects



404

 1. Group A : High risk localized prostate cancer (neo-adjuvant clinical research)
Patients with an indication for radical prostatectomy and having the probability 
of recurrence rate more than 35%, within 5 years following surgery as calculated 
by Kattan’s nomogram [15], were enrolled. Patients received two ultrasound-
guided intratumoral injections at 2-week intervals, followed by radical prostatec-
tomy 6 weeks after the second injection. After confirming the safety of the 
therapeutic interventions with initially planned three escalating doses of 
1.0 × 1010, 1.0 × 1011, and 1.0 × 1012 viral particles (vp) in 1.0–1.2 mL (n = 3, 3, 
and 6), an additional higher dose of 3.0 × 1012 vp in 3.6 mL (n = 6) was further 
studied. All four DL (dose level)s including the additional dose level-4 (DL-4) 
were feasible with no adverse events, except for grade 1 or 2 transient fever. 
Laboratory toxicities were grade 1 or 2 elevated aspartate transaminase/alanine 
transaminase (n = 4). Regarding antitumor activities, cytopathic effects (tumor 
degeneration with cytolysis and pyknosis) and remarkable tumor-infiltrating 
lymphocytes in the targeted tumor areas were detected in a clear dose-dependent 
manner [16].

 2. Group B: Castration resistant prostate cancer with or without metastasis
Castration resistant prostate cancer patients regardless of the presence or absence 
of distant metastasis were enrolled. Ad-REIC was injected twice at an interval of 
28 days into prostate or metastatic lesion including lymph nodes. After confirm-
ing the safety and feasibility of the therapeutic interventions at each escalating 
doses in conjunction with group A study, clinical effects were also evaluated as 
secondary endpoints. If clinical effect was observed and if patient desired, treat-
ment was repeated till disease progression. Safety profile as primary endpoint 
was same as group A study. In addition, we experienced a case which showed 
dramatic response as follows: A 63-year-old man with mCRPC after docetaxel 
failure was successfully treated for two years with in situ Ad-REIC gene therapy. 
Repeated injections of Ad-REIC into metastatic LNs showed remarkable safety 
profiles and induced potent direct and indirect antitumor effects. Kumon et al. 
concluded in his case report that these dramatic results have paved the way for a 
new, future cancer therapeutic vaccine against a variety of intractable solid 
 cancers [17].

40.5  Prospects of Gene Therapy for Prostate Cancer

Recently, it has been studied that blocking immunosuppressive networks and 
immune checkpoints bring successful immunotherapeutic modalities (so called 
immune-oncologic drugs: I-O drugs) for the treatment of cancer [18–21]. 
Theoretically combination of Ad-REIC with I-O drugs may offer a more potent 
strategy for the cancer immunotherapy. Therefore, in our future study it is important 
to investigate expression status of the I-O drug related molecules in primary tumor 
sites, before and after Ad-REIC treatment as well in metastatic tumor sites.

The other strategic direction of the research and development in these fields is to 
enhance or modify the existing methods. Creation of the next generation of Ad-REIC 
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to enhance the function of original vector or overcome its problems is one of the key 
methods. Sakaguchi et  al. developed a super gene expression (SGE) system and 
constructed new adenovirus vector (Ad-SGE-REIC) [22]. The SGE system is a new 
plasmid vector, developed by placing three enhancers in tandem after poly A to real-
ize extremely high expression of the targeted REIC gene [23]. A Phase I/IIa clinical 
trial of Ad-SGE-REIC for localized prostate cancer is being conducted at two insti-
tutions in the United States (https://clinicaltrials.gov/). Similarly, a Phase I/IIa clini-
cal trial for malignant pleural mesothelioma has been initiated in Japan. In addition, 
preclinical studies of Ad-REIC on various intractable solid cancers including pan-
creatic cancer [24], lung cancer [25], and malignant glioma [26] have been con-
ducted successfully.

Currently promising clinical outcome of gene therapy including REIC gene ther-
apy has been conducted in Japan from academic site. New innovative “seeds” can 
be translated to bed side as scientific “fruits” from academia through new research 
system in Japan. Further innovative development will be anticipated based on the 
understanding of cancer biology and technology for the treatment of intractable 
mCRPC.
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Abstract
The standard treatment for advanced metastatic prostate cancer is androgen 
deprivation therapy. However, for patients with castration-resistant prostate can-
cer (CRPC), androgen deprivation therapy is ineffective, and subsequent treat-
ment is needed. New agents for the treatment of advanced prostate cancer, such 
as abiraterone and enzalutamide, have become available; however, these com-
pounds have prolonged survival by only a few months. On the other hand, dra-
matic and durable treatment responses to immune therapy have been demonstrated 
in various cancer types. Considering these favorable clinical outcomes, immune 
therapy has the potential to be one of the available treatment options for patients 
with CRPC. Immune therapy for the management of prostate cancer consisted 
mainly of clinical trial investigating therapeutic cancer vaccines and immune 
checkpoint inhibitors, as manipulation of the immune system has emerged as a 
new promising strategy for cancer treatment. In this chapter, recent outcomes of 
these approaches are discussed in the context of future treatments for CRPC.

Keywords
Immune therapy · Prostate cancer · Immune checkpoint blockade · Cancer vaccines

41.1  Introduction

In 1941, Charles Huggins reported that prostate cancer would regress in response to 
androgen ablation. Since then, primary androgen deprivation still remains as the 
initial therapy for metastatic prostate cancer. However, the disease becomes lethal 
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when progression occurs despite the low levels of testosterone, and is then referred 
to as castration-resistant prostate cancer (CRPC). CRPC includes various clinical 
states ranging from asymptomatic or minimally symptomatic, nonmetastatic dis-
ease to symptomatic, metastatic disease (mCRPC), and the time of progression var-
ies for each clinical state in patients. During the past few years, the treatment options 
for mCRPC have changed drastically. Following docetaxel-based chemotherapy, 
several new agents have become available to treat men with mCRPC including abi-
raterone [1], enzalutamide [2], which target androgen receptor axis, cabazitaxel, a 
new taxane cytotoxic agent [3], sipuleucel-T [4], and radium-223, an alpha-emitting 
radiopharmaceutical [5]. Despite these advances, median survival for patients with 
post-chemotherapy mCRPC is about 2 years [1]. Furthermore, there are some 
patients that show primary resistance against these agents, although mechanism of 
resistance is not fully understood. Hence, additional treatment strategies are needed 
to improve survival of patients with CRPC. Immunotherapy with sipuleucel-T is the 
first therapeutic cancer vaccine demonstrated to improve survival outcomes in an 
advanced prostate cancer and provides possibilities for further investigation of 
immunotherapy for mCRPC.

Under these circumstances, multiple immune approaches beyond sipuleucel-T 
are currently under development, which include antigen-directed immunotherapies 
as well as monoclonal antibodies against immune checkpoints. Furthermore, com-
bination therapies of immunotherapy and conventional therapies are also being 
evaluated. In this chapter, we describe the development of immunotherapy for pros-
tate cancer and several strategies currently being investigated.

41.2  Strategies for Immune Therapy of CRPC

Generally, tumor-associated antigen (TAA) peptides derived from the tumor cells 
are recognized by antigen-presenting cells (APCs, e.g., dendritic cells (DCs)) which 
in turn present these to CD4+ and CD8+ T cells by the way of major histocompat-
ibility complexes class-I and -II molecules, respectively. This interaction leads to 
the induction and proliferation of cytotoxic T lymphocyte precursors, and produc-
tion of antibodies against TAAs which will then establish an antigen-specific popu-
lation aimed at destroying cancer cells (Fig. 41.1).

Currently, there are two main modalities for cancer immunotherapy 
(Table  41.1). One is known as active immunotherapy, which includes tumor-
specific antigen vaccine therapy. Cancer vaccines are usually provided with adju-
vants (e.g., interleukin- 2) to enhance the immune response. DC vaccines, 
vector-based vaccines (using engineered virus or other vectors to carry the 
immunogen), cell-based vaccines, and peptide vaccines are now being clinically 
investigated. The other approach is called passive immunotherapy which includes 
the use of monoclonal antibodies or adoptive transferred T cells. Immune check-
point inhibitors such as anti-cytotoxic T lymphocyte- associated antigen-4 
(CTLA-4) antibody or anti-programmed cell death-1 (PD-1) antibody, anti-PD-1 
ligand (PD-L1) antibody, and specific monoclonal antibodies against TAAs are 
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also being clinically evaluated. Chimeric antigen receptor (CAR) T cells therapy 
is one of the adoptive T cell transfer therapies, and is being explored in CRPC 
patients.

41.3  Antigen-Specific Cancer Vaccine Therapies

41.3.1  DC Vaccine Therapy

Sipuleucel-T is the first autologous DC vaccine approved by the US Food and Drug 
Administration (FDA) in 2010 and by the European Medicines Agency (EMA) in 
2013 for the treatment of asymptomatic or minimally symptomatic 
mCRPC. Autologous APC-containing peripheral blood mononuclear cells (PBMC) 
of patients are harvested and incubated ex vivo for 36/48 hours with a fusion protein 
combining prostatic acid phosphatase (PAP) and granulocyte-monocyte colony- 
stimulating factor (GM-CSF). After washing the fusion protein, the product is rein-
fused to the patient. Sipuleucel-T contains a minimum of 5  ×  107 autologous 
activated CD54+ DCs and various numbers of T cells, B cells, and natural killer 
(NK) cells [6]. In a phase III trial known as the Immunotherapy for Prostate 
Adenocarcinoma Treatment (IMPACT) [4], patients receiving sipuleucel-T had a 
significant greater median overall survival (OS) of 25.8 months compared to those 
receiving placebo (21.7  months). At 36  months the survival rate was 31.7% for 
treated patients (23.0% for those with placebo), although no significant difference 
was found in progression-free survival (14.6 weeks vs. 14.4 weeks). Recent studies 
have evaluated the efficacy of sipuleucel-T administered concurrently or sequen-
tially with abiraterone or enzalutamide, and sequential therapy of androgen depriva-
tion therapy following sipuleucel-T treatment (STAMP, STRIDE, and STAND 
study) [7–9]. In the STAMP study, the authors concluded that sipuleucel-T can be 

Table 41.1 Characteristics of active and passive immunotherapy

Active immunotherapy Passive immunotherapy
Activation of 
immune system

Stimulation of the host immune system 
to attack cancer cells (antibodies and T 
cells)

Use of monoclonal antibodies or 
adoptively transferred T cells

Duration of 
response

Persist for a long period of time Effective only while antibodies 
present

Specificity of 
response

Broad response Prone to relapse if antigen 
changes

Types of therapy Cancer vaccine therapy Immune checkpoint inhibitors
  Dendritic cell vaccine   CTLA-4
  Vector-based vaccine   PD-1, PD-L1
  Cell-based vaccine Adoptive T cell therapy
  Peptide vaccine   CAR T cell therapy

  Bispecific T cell engager
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successfully manufactured during concurrent administration of abiraterone acetate 
plus prednisone without blunting immunologic effects or altering immune parame-
ters that correlate with sipuleucel-T’s clinical benefit. A long-term follow-up for OS 
is ongoing.

Besides sipuleucel-T, there are a few other DC-based immunotherapies being 
evaluated. Podrazil et al. reported the outcomes of clinical phase I/II clinical trial 
using DC-based immunotherapy (DCVAC/PCa) combined with chemotherapy in 
mCRPC [10]. DCs were harvested and pulsed with killed LNCaP (an androgen- 
sensitive human prostate adenocarcinoma cell line derived from lymph node metas-
tasis). In this phase I/II clinical trial, DCVAC/PCa immunotherapy was demonstrated 
to be well tolerated and have less severe adverse events. A phase III clinical trial is 
ongoing to evaluate the efficacy and safety of DCVAC/PCa versus placebo in men 
with mCRPC in combination with docetaxel chemotherapy.

41.3.2  Vector-Based Vaccine Therapy

In 2014, Gulley et al. reported the clinical outcomes of viral-based vaccine therapy 
using the poxvirus as a vector [11]. This vaccine is named PROSTVAC (PSA- 
TRICOM), and is designed to present TRICOM (a triad of T cell costimulatory 
molecules) protein on APCs. TRICOM protein complex consists of PSA, B7-1 
(facilitates T cell activation), LFA-3 (lymphocyte function-associated antigen 3; 
CD58, enhances signaling through T cell receptor for antigen), and ICAM-1 (intra-
cellular adhesion molecule-1; CD54, cell surface adhesion molecule which plays an 
important role in regulating migration and activation of both DCs and T cells). In 
this randomized phase II clinical trial in men with mCRPC, the median OS of the 
PROSTAVAC treatment group was 25.1 months, whereas that of placebo group was 
16.6 months. There was a significant difference of 8 months between the two groups. 
Furthermore, in patients who had an increase in T cell response and lower regula-
tory T cell (Treg) activity, a longer survival was observed. In addition, patients with 
less aggressive or early stage disease had greater clinical benefits in the PROSTVAC 
treatment group [12]. A randomized, double-blind, phase III efficacy trial of 
PROSTVAC with/without GM-CSF in men with asymptomatic or minimally symp-
tomatic mCRPC (Prospect trial) is ongoing to determine whether PROSTVAC alone 
or in combination with GM-CSF is effective in prolonging overall survival 
(NCT01322490). Other clinical trials of PROSTVAC in combination with flutamide 
(NCT00450463), enzalutamide (NCT01875250, NCT01867333), docetaxel 
(NCT02649855), and ipilimumab (NCT02506114) are also ongoing.

41.3.3  Cell-Based Vaccine Therapy

GVAX is a cell-based cancer vaccine that is modified to express GM-CSF using 
whole autologous or allogeneic tumor cells as a source of immunogens. GVAX is 
composed of two human prostate cell lines, i.e., LNCaP and PC3 
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(androgen- insensitive human prostate adenocarcinoma cell line derived from bone 
metastasis), which are transfected with GM-CSF and thereafter irradiated for safety. 
After favorable outcomes of phase I/II clinical trial [13], two phase III clinical trials 
were performed to confirm survival benefits. In the first phase III trial called 
VITAL-1 (vaccine immunotherapy with allogeneic prostate cancer cell lines-1), 
comparing GVAX to docetaxel plus prednisone in asymptomatic CRPC, no signifi-
cant survival benefit was shown in GVAX group (median OS of 20.7 months vs 
21.7  months in docetaxel group). The VITAL-2 study, comparing GVAX with 
docetaxel plus prednisone to docetaxel plus prednisone alone was conducted in 
symptomatic CRPC patients. This study was terminated early due to increased mor-
tality of 42.6% in the vaccine arm [14, 15]. Despite these results, GVAX is being 
explored in combination therapies and other tumor types [16].

41.3.4  DNA Vaccine Therapy

McNeel et  al. reported that pTVG-HP, which consists of cell-free plasmid DNA 
encoding PAP, coadministered with GM-CSF, could elicit PAP-specific T cells in 22 
patients with early recurrent prostate cancer in 2009 and 2014 [17, 18]. The therapy 
was well tolerated, and an increase in PSA doubling time was observed in pretreat-
ment compared to on-treatment. Durable antigen-specific T cell responses have 
been observed with this DNA vaccine therapy and are associated with a greater 
increase in PSA doubling time (PSADT). A pilot randomized two-arm study of a 
DNA vaccine encoding prostatic acid phosphatase (PAP) with GM-CSF in patients 
with nonmetastatic castrate-resistant prostate cancer is currently underway to evalu-
ate the therapy comparing a predetermined dosing schedule versus an adaptive dos-
ing regimen guided by evidence of T cell immune response (NCT00849121). 
Another phase II clinical trial evaluating metastasis-free survival in biochemically 
recurrent patients with treatment with DNA vaccine plus GM-CSF versus GM-CSF 
is also ongoing (NCT01341652).

41.3.5  Peptide Vaccine Therapy

Peptide vaccine therapy has been explored mainly in Japan in recent years. 
Compared to other vaccine therapies, there are some advantages in peptide vaccine 
therapy. First, it is easy to manufacture peptide vaccine, and therefore could be 
accessible to administer to a large number of patients by mass production in clinical 
practice. Second, it is considerably less expensive compared to other therapies. 
Third, patients can easily receive personalized medicine since the combination of 
peptides used can be readily tailored according to clinical evaluation. In 2010, a 
randomized phase II clinical trial was performed in 57 patients with CRPC. They 
were randomized in a 1:1 ratio to receive peptide vaccine plus low-dose estramus-
tine phosphate versus estramustine phosphate alone [19]. A significant benefit in the 
primary endpoint of progression-free survival (PFS) was seen, with a median PFS 
of 8.5 months in the vaccine group and 2.8 months in the control group. The authors 
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reported another phase II study, in which 20 docetaxel-resistant and 22 docetaxel- 
naïve CRPC patients were immunized with two to four kinds of peptides selected 
from 31 available TAAs based on baseline host responses with enzyme-linked 
immunospot (ELISPOT) assay [20]. In the docetaxel-resistant group, there was a 
trend towards a survival benefit with vaccination, with median OS of 17.8 months 
versus 10.8 months in the control group. Furthermore, low levels of interleukin-6 
(IL-6) in pretreatment serum were associated with more favorable OS. In 2013, it 
was also reported that peptide-specific IgG and T cell responses strongly correlated 
with PSADT and positive IgG responses and the prolongation of PSADT during 
therapy were significantly associated with OS [21]. A phase III clinical study is now 
ongoing to evaluate efficacy and safety of peptide vaccine named ITK-1, which 
includes 12 kinds of peptides.

Yoshimura et al. reported the clinical outcomes of a phase II randomized con-
trolled trial of personalized peptide vaccine immunotherapy with low-dose dexa-
methasone versus dexamethasone alone in chemotherapy-naive castration-resistant 
prostate cancer in 2016 [22]. In this study, 37 patients received peptide vaccinations 
and 35 received dexamethasone alone. The primary endpoint was PSA PFS, which 
was significantly longer in the vaccination group than in the dexamethasone group 
(22.0 vs. 7.0 months; p = 0.0076). Median OS was also significantly longer in the 
vaccination group (73.9 vs. 34.9 months; p = 0.00084).

41.4  Adoptive T Cell Therapy

To induce an immune response against TAAs, other immunologic treatment strate-
gies, such as adoptive T cell therapy, have been developed using ex vivo isolation 
and expansion of tumor-reactive T cells, or those engineered to respond to specific 
TAAs by modifying their T cell receptors (TCRs). Several studies have demon-
strated promising antitumor activity using chimeric antigen receptors (CARs) T cell 
immunotherapy. CAR T cells are based on engineering patient’s T cells, which are 
modified to recognize and destroy cancer cells. CARs consist of an antibody recog-
nition extracellular ligand-binding domain which is fused to TCR intracellular sig-
naling domain of CD3 zeta. Currently, three generations of CARs have been 
developed. First generation CARs had only T cell CD3 zeta chain and antigen rec-
ognition domains, while in subsequent generations, additional costimulatory mole-
cules such as CD28, CD27, 4-1BB, ICOS, or OX40 were added to increase antitumor 
effects and improve survival of CAR T cells. One of the advantages of CAR T cell 
immunotherapy is that the recognition of TAAs is not major histocompatibility 
complex (MHC)-restricted, that is, there is no necessity to present TAAs as a pep-
tide/MHC complex on APCs. Therefore, it can be indicated to all patients irrespec-
tive of their human leucocyte antigen (HLA) subtypes.

In prostate cancer, the preliminary results of a phase I dose escalation trial evalu-
ating prostate-specific membrane antigen (PSMA)-specific CAR T cell immuno-
therapy have been reported [23], and the study is currently still ongoing 
(NCT01140373). Immune-related adverse events (irAEs) were less than grade 2 in 
most patients, which could be managed with conservative treatment. Cytokine 
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release syndrome is one of the most severe irAEs also seen in patients treated with 
CAR T cell immunotherapy.

Bispecific antibodies immunotherapy such as bispecific T cell engagers (BiTEs®) 
is another promising T cell therapy. These proteins consist of binding domains from 
two antibodies, one of which is specific for T cells (e.g., CD3), and the other is 
specific for membrane-associated TAA. These dual antibodies induce the attack to 
tumor cells by T cells. Currently, clinical trials against solid tumors, including 
CRPC patients, are underway [24]. Two phase I clinical trials evaluating the safety 
and efficacy of BiTEs® (CD3 plus PSMA) are ongoing (NCT01723475, 
NCT02262910).

41.5  Immune Checkpoint Blockade Immunotherapy

Recently, immune checkpoint inhibitors have been available for several cancer 
types such as melanoma, non-small cell lung cancer, and renal cancer. The most 
well-investigated immune checkpoints are CTLA-4 and PD-1, inhibitory T cell 
receptors, which normally allow the immune system to maintain immunological 
homeostasis by downregulating pathways involved in T cell activation. However, 
these immune checkpoints also mediate a mechanism of tumor cell escape from 
immune system. CTLA-4 is expressed on activated T cells and Tregs, and down-
regulates T cell activation by determining the balance with CD28 signaling. 
Although both CTLA-4 and CD28 bind the ligand B7-1 (CD80) and B7–2 (CD86), 
CTLA-4 has a higher affinity to B7-1 and B7-2 compared to CD28. Therefore, anti- 
CTLA- 4 antibodies can remove inhibition signals for effector T cells, deplete Treg 
activation, and restore immunological response against tumor cells. In 2011, the 
FDA first approved an anti-CTLA-4 antibody to treat patients with advanced malig-
nant melanoma and several clinical trials are ongoing in several different tumor 
types including prostate cancer.

The other strategy using immune checkpoint inhibition is the PD-1/PD-L1 sig-
naling axis. PD-1 has two kinds of ligands: PD-L1 (B7-H1) and PD-L2 (B7DC) 
which are expressed on APCs. PD-1 plays an important role in promoting immune 
tolerance. Therefore, the interaction of PD-1 and PD-L1 is considered to be princi-
pal mediator of immunosuppression. PD-L1 on tumor cells inhibits immune 
responses against tumor cells, which are associated with tumor progression. The 
blockade of PD-1/PD-L1 signals could recover immunological function and restore 
the attack against tumor cells.

It is important to also recognize irAEs when using these immune checkpoint 
inhibitors. Diarrhea, skin reaction, hepatitis, thyroiditis, adrenal dysfunction, 
hypophysitis, impaired glucose tolerance, etc. are reported as irAEs (Fig.  41.2). 
Generally, most irAEs can be managed with discontinuation of the agents and 
administration of glucocorticoid.

In the field of prostate cancer, ipilimumab, a fully human immunoglobulin G1 
(IgG1) monoclonal antibody for CTLA-4, has been most evaluated in patients 
with mCRPC.  A phase I/II clinical trial in patients with mCRPC treated with 
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ipilimumab alone or in combination with radiotherapy demonstrated that some 
patients in combination therapy had a decrease in PSA levels achieving stable 
disease (SD) with one complete response (CR) [25]. After these favorable clinical 
outcomes, subsequent phase III randomized trial was performed [26]. In this 
study, single dose radiotherapy plus ipilimumab given at a dose of 10 mg/kg or 
placebo every 3 weeks for up to four cycles in mCRPC patients with at least one 
bone metastasis who progressed after docetaxel treatment were evaluated. 
Although the primary endpoint objective of OS was not met (11.2  months for 
ipilimumab and 10.0 months for placebo, HR 0.85: p = 0.053), PFS was  prolonged 
in the ipilimumab group (4 months for ipilimumab and 3.1 months for olacebo, 
HR 0.70, p < 0.0001) and PSA response was also favorable in the ipilimumab arm 
(13.1% versus 5.2%). Moreover, post hoc subgroup analysis suggested that 
 ipilimumab could provide longer OS of 22.7  months versus 15.8  months  
(HR 0.62, p = 0.038) in patients with better prognostic profile, such as no visceral 
metastases, alkaline phosphatase <1.5 times than normal upper limit, and serum 
hemoglobin >11  g/dL.  Currently, further clinical trials are ongoing including 
phase III trial in chemotherapy-naïve mCRPC patients (versus placebo, primary 
endpoint: OS, CA 184-095, NCT01057810) and in a neoadjuvant setting 
 (ipilimumab plus leuprolide acetate, NCT01194271).

Tremelimumab is a fully human IgG2 monoclonal antibody for CTLA-4. In a 
phase I dose escalation clinical trial, tremelimumab was administered with short- 
term androgen deprivation therapy in patients with PSA recurrent prostate cancer. A 
prolongation of PSADT was observed in three of 11 patients several months after 
completing treatment with tremelimumab. Dose-limiting irAEs including grade 3 
diarrhea and skin rash were reported [27].

NIvolumab is a fully human IgG4 monoclonal antibody for PD-1. In a phase I 
clinical trial evaluating safety and activity of nivolumab in a total of 296 patients 
with various solid tumors, no objective responses were observed in the subgroup of 
17 mCRPC patients, although only one patient had a 28% reduction in measurable 
lesions. Two of the 17 mCRPC patients involved in this study were available for 
immunohistochemical analysis of the tissue specimens, both of which were nega-
tive for PD-1 expression [28]. To date, clinical outcomes of PD-1 blockade mono-
therapy have not demonstrated adequate benefits for patients with 
mCRPC. Therefore, combination therapy of anti-PD-1 antibody with anti-CTLA-4 
antibody is under evaluation. In regard to nivolumab, a phase II trial in combina-
tion with ipilimumab in patients with AR V7 positive mCRPC is ongoing 
(NCT02601014). Pembrolizumab is also a fully human IgG4 monoclonal antibody 
for PD-1, and is now being evaluated in mCRPC patients previously treated with 
enzalutamide (NCT02312557), and in combination with pTVG-HP DNA vaccine 
in mCRPC patients (NCT02499835).

 Conclusions
Recent advances in the field of cancer immunotherapy, especially in immune 
checkpoint inhibitors, have led to improved clinical efficacy, even in patients 
with CRPC.  Moving forwards, the rational combination of these checkpoint 
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inhibitors with other agents should be evaluated, as this could potentially lead to 
further improved clinical outcomes for patients with CRPC. In addition to check-
point blockade, developments in cancer vaccine immunotherapy and adoptive T 
cell therapy have progressed remarkably in recent years. We believe that immune 
therapy for CRPC is a promising therapeutic modality and will become one of 
the standard treatments for patients with CRPC in the near future.
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42A New Approach to Castration-Resistant 
Prostate Cancer Using Inactivated Virus

Kazutoshi Fujita, Yasufumi Kaneda, and Norio Nonomura

Abstract
Hemagglutinating virus of Japan (HVJ) is a mouse parainfluenza virus which is 
not pathogenic for humans, and has a cell fusion activity. Irradiation of HVJ by 
ultraviolet light causes the RNA genome to fragment into short RNA but still 
keeps the envelope intact. Resulting HVJ envelope (HVJ -E) has a cell-fusion 
activity but lacks a replication activity. HVJ-E fused with prostate cancer cells 
via GD1a, and fragmented RNA genome induced prostate cancer cell apoptosis. 
HVJ-E also enhanced antitumor response via dendritic cells in vivo. In a phase I/
II clinical trial for men with castration-resistant prostate cancer (CRPC), HVJ-E 
was injected directly into the prostate followed by subcutaneous injections of 
HVJ-E. HVJ-E treatment for CRPC patients was feasible, and the PSA levels of 
a subgroup of patients responded. HVJ-E therapy could be an innovative immune 
therapy for prostate cancer with an acceptable safety profile.

Keywords
Immune therapy · Castration-resistant prostate cancer · HVJ

The number of men with prostate cancer is increasing in Japan, possibly due to the 
change of lifestyle from the conventional Japanese style to that of western coun-
tries. The estimated incidence of prostate cancer ranks first in Japanese men in 
2016. Recently, a new generation of hormonal drugs and chemotherapy has begun 
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to be used in clinical settings, and new drugs with different mechanisms of action 
are being developed [1]. However, castration-resistant prostate cancer (CRPC) 
remains a lethal disease, and the development of novel therapeutic approaches is 
still required.

Sipuleucel-T is a first-in-class immunotherapy drug for prostate cancer approved by 
the Food and Drug Administration in the United States. Sipuleucel-T delivers active 
cellular immunotherapy consisting of autologous peripheral blood mononuclear cells 
including antigen-presenting cells, which have been activated ex vivo with a recombi-
nant fusion protein [2]. The fusion protein consists of a prostate acid phosphatase fused 
to granulocyte-macrophage colony-stimulating factor. Sipuleucel-T prolonged the 
overall survival of men with metastatic CRPC but not progression-free survival.

Recently, several immune or oncolytic virus therapies have been developed and 
evaluated in clinical trials. Immune checkpoint inhibitor therapies (anti-cytotoxic 
T-lymphocyte antigen-4 [CTLA-4] or anti-programmed cell death-1 [PD-1]) and 
antigen-specific immunotherapies (dendritic cell-based vaccines or DNA and 
recombinant protein-based vaccine) were tried in these clinical trials [3]. Oncolytic 
virus therapy is one of the new mainstream treatments for prostate cancer. The con-
cept behind this therapy is that viruses replicate in cancer cells and kill the cells by 
direct cytocidal effects [4]. Adenovirus and herpes simplex virus 1 are the major 
viruses used in oncolytic virus therapy. These viruses were engineered to restrict 
replication of prostate cancer cells by the inactivation of viral genes and tumor- 
specific transcriptional control. However, concerns about safety still exist when 
using live viruses in humans, even if the viruses are engineered not to replicate in 
the normal cells. It is inevitable that these viruses will remain alive in the targeted 
cells. Inactivated hemagglutinating virus of Japan (HVJ) has drawn attention to the 
development of novel anticancer therapy. Inactivated HVJ particles were found to 
have oncolytic activity and to induce a host immune response against tumor 
(Fig. 42.1) [5]. Because the HVJ genome is inactivated, no replication or viral gene 
expression occurs in the cells infected with the HVJ envelope (HVJ-E).

42.1  HVJ-E

Sendai virus, also known as HVJ was discovered in 1953 by Dr. Ishida in Sendai, 
Japan. HVJ is a mouse parainfluenza virus belonging to the family Paramyxoviridae, 
which is not pathogenic for humans. HVJ has a negative-sense single-stranded RNA 
genome. Fusion protein (F) and hemagglutinin neuraminidase (HN) encoded by the 
HVJ genome are surface proteins of the viral envelope [6]. HN binds to sialic acid 
on the cellular membrane of the host cells, and then F catalyzes the membrane 
fusion of the HVJ-E with the host cell membrane. Fused HVJ is then able to intro-
duce a viral genome into the host cell [5]. To exert fusion activity, F needs to be 
activated by a protease, but humans have no proteases for the activation of F [7]. 
Thus, HVJ cannot replicate in human cells. Irradiation of HVJ by ultraviolet (UV) 
light causes the RNA genome to fragment into short RNA but still keeps the enve-
lope intact. The resulting HVJ-E has a cell-fusion activity but lacks a replication 
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activity. Using this fusion activity of HVJ, inactivated HVJ can be used for the 
delivery of DNA, RNA, proteins, and drugs. An HVJ liposome was constructed by 
combining a DNA-loaded liposome with inactivated HVJ particles to deliver the 
DNA in vitro and in vivo [8]. HVJ-E itself without liposomes serves as a vector for 
gene and drug delivery. Plasmid DNA can also be incorporated into HVJ-E by treat-
ment with mild detergent and centrifugation.

42.2  Antitumor Immune Induction by HVJ-E

Injection of HVJ-E into xenografted murine colon tumor in syngeneic BALB/c 
mice dramatically eradicated the colon cancer [9]. HVJ-E induced significant infil-
tration of dendritic cells, CD4+ T cells and CD8+ T cells into the tumor tissues. 
Cytotoxic T cells were activated in a CD4  +  CD25- T-cell-dependent manner. 
Interleukin 6 (IL-6) produced by HVJ-E-stimulated dendritic cells rescued 
CD4 + CD25- effector T-cell proliferation suppressed by Foxp3+ CD4+ CD25+ 
regulatory T cells. Carbohydrate of F protein on the HVJ-E was recognized by the 
dendritic cells and induced the signal for IL-6 production via NF-κB activation in 
these cells. HVJ-E alone can eradicate tumors by inducing an antitumor immune 
response and can simultaneously suppress regulatory T cells [10]. In a mouse model 

Dendritic cell
CD8+ T cell 

CD4+ T cellNK cell

Regulatory T cell

Up-regulated in prostate cancer

GD1a
(Receptor for HVJ-E)

Prostate cancer
cell membrane RNA fragments

Tumor apoptosis
Anti-tumor Immune induction

Anti-tumor immune induction
HVJ-E inactivated by
UV-irradiation

RIG-I

Fig. 42.1 Mechanisms of HVJ-E therapy. HVJ was inactivated by UV irradiation, and the RNA 
genome was fragmented. HVJ-E enhanced antitumor response via dendritic cells. HVJ-E also 
fused with prostate cancer cells via GD1a, and fragmented RNAs induced prostate cancer cell 
apoptosis. NK cell, natural killer cell; RIG-I, retinoic acid-inducible gene-I
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of murine renal cancer (Renca), HVJ-E injection into tumor induced expression of 
CXCL10 by dendritic cells in the tumor, and CXCL10 promoted the infiltration and 
activation of natural killer T cells (NK cells). NK cells were also activated by type I 
interferon released from the HVJ-E-stimulated dendritic cells. In this Renca mouse 
model, intratumoral injection of HVJ-E suppressed Renca tumor growth in vivo, 
which was abolished by NK cell depletion [11]. Fragmented RNA genomes of 
HVJ-E are also recognized by cytoplasmic RNA receptor, retinoic acid-inducible 
gene-I (RIG-I), and induce the production of interferon β [12].

42.3  Tumor Killing by HVJ-E

HVJ-E can also exert a direct killing effect on specific tumors. When HVJ-E was 
added to the cell culture of PC3, DU145, LNCaP, and PNT2 cells, the viability of 
PC3 and DU145 was significantly suppressed in a dose-dependent manner, but not 
that of LNCaP and PNT2. HVJ fused with the cell membrane by attaching with 
ganglioside GD1a and sialyl paragloboside (SPG) [13]. PC3, DU145, and PNT2 
had higher amounts of GD1a and SPG compared with LNCaP. Fusion of PC3 and 
DU145 with the HVJ-E resulted in apoptosis with the activation of caspase-8 and 
-9, but HVJ-E could not fuse with LNCaP cells. GD1a is synthesized from GM1 by 
α2,3 sialyltransferase (ST3Gal) I and mainly by ST3Gal II. The enzyme that synthe-
sizes SPG is ST3Gal VI. The increased expression of GD1a and SPG in CRPC cells 
was associated with the high expression of ST3Gal II and VI, respectively [14]. 
NF-κB, mainly RelB, mediates the production of GD1a by the transcriptional con-
trol of ST3Gal I and II. GD1a expression was confirmed in prostate cancer cells in 
specimens from both radical prostatectomy and biopsy of CRPC. One of the mecha-
nisms of inducing the apoptosis of prostate cancer cells is the induction of type I 
interferon. The fragmented RNA genome of HVJ-E entering into the cytoplasm of 
PC3 and DU145 is recognized by RIG-I, and then several transcription factors, 
including IRF3, IRF7, and NF-κB, are activated. These transcription factors induce 
the expression of type I interferons, which are secreted from the prostate cancer 
cells and bound to their own surface receptor, resulting in the activation of the Jak- 
Stat signaling pathway. JAK2/STAT1 signaling activates caspase 8 transcription 
[15]. PNT2 cells can be fused with HVJ-E via GD1a and SPG, but type I interferons 
are not secreted from PNT2 cells. When HVJ-E was directly injected into an intra-
dermal tumor of PC3 in SCID mice, a marked reduction in the tumor was observed, 
and even with the blockade of NK cell function with anti-asialo GM1 antibody, 
HVJ-E injection could still suppress the intradermal tumor growth.

42.4  Clinical Application of HVJ-E Treatment

Based on the results in vitro and in vivo, a phase I/II clinical trial was performed to 
assess the safety and efficacy of intratumoral and subcutaneous injection of HVJ-E 
in CRPC [16]. Seven patients with CRPC who were docetaxel resistant or could not 

K. Fujita et al.



423

receive docetaxel treatment were enrolled in this study. HVJ was irradiated by treat-
ment with β-propiolactone and UV irradiation, which caused the alkylation and 
fragmentation of the RNA genome. Clinical-grade HVJ-E was purified by four 
steps of column chromatography, stabilized by lyophilization, and then stored at 
4 °C. The lyophilized HVJ-E was dissolved in distilled water for injection. HVJ-E 
was injected directly into the prostate on day 1 with the aid of transrectal ultrasound 
and subcutaneously on days 5, 8, and 12 in two 28-day treatment cycles. The proto-
col was based on the mechanisms of HVJ-E; HVJ-E injection to the prostate could 
induce the apoptosis of prostate cancer cells and the antitumor immune response, 
and subcutaneous injection of HVJ-E could augment the antitumor immune 
response. Six patients completed the two cycles of HVJ-E treatments. One patient 
retracted consent after one cycle of HVJ-E treatment due to the progression of dis-
ease. The primary endpoints of the safety and feasibility were accomplished. Grade 
2 or 3 adverse events (CTCAE Ver. 4.0) were urinary retention and lymphopenia 
from which the patients recovered spontaneously. Erythema at the injection site 
(grade 1) was observed in all patients, whereas pyrexia (grade 1) was observed in 
57% of them. No grade 4 adverse events were observed. Among the six patients 
who completed the two cycles of HVJ-E treatment, a decline in the PSA level from 
14 ng/mL to 1.9 ng/mL at the end of the two cycles of treatment was found in one 
patient, the PSA level remained unchanged in one patient, and the other four patients 
experienced elevation of their PSA levels. The responding patient was 83 years old 
with bone metastasis and had previously received hormonal therapy, docetaxel 
treatment, and steroid. The PSA response rate to HVJ-E treatments was 16.6%. 
Radiographically, four patients had stable disease and two had progressive disease. 
HVJ-E treatment for CRPC patients was feasible, and the PSA levels of a subgroup 
of patients responded. Phase I/II clinical trials were also performed for patients with 
advanced malignant melanoma (UMIN000002376) and patients with chemotherapy- 
resistant malignant pleural mesothelioma (UMIN000019345).

42.5  Future Directions of HVJ-E Therapy

The recent development of immune checkpoint inhibitors, anti-PD1 antibody or 
anti-CTLA4 antibody, is opening up new avenues for treating CRPC. The anti-PD-1 
antibody nivolumab was administered to 17 patients with CRPC, but no objective 
responses were observed [17]. The expressions of PD-1 ligand (PD-L1) were immu-
nohistochemically analyzed in 2 of 17 patients with CRPC, and the 2 CRPCs were 
negative for PD-L1 expression. PD-L1 expression was significantly correlated with 
an objective clinical response in non-small cell lung cancer and renal cell carci-
noma. In contrast, 10 patients with metastatic CRPC who were resistant to enzalu-
tamide were treated with the anti-PD-1 antibody pembrolizumab with enzalutamide, 
and 3 patients showed a rapid reduction in PSA [18]. Immunohistochemical analy-
sis of baseline biopsy specimens of these responding patients showed the presence 
of CD3+, CD8+, and DC163+ leukocyte infiltrates and PD-L1 expressions. A phase 
I/II study of ipilimumab in combination with radiotherapy showed that among 50 
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patients with metastatic CRPC, 8 patients experienced a decline in PSA of >50%, 
one had a complete response, and 6 had stable disease [19]. Because the direct 
injection of HVJ-E into the prostate could induce an antitumor immune response, 
the combination of HVJ-E treatment with an immune checkpoint inhibitor might be 
more efficient. Because small anticancer molecules can be loaded inside HVJ-E, it 
has the potential for combinational immunotherapy with other agents. HVJ-E carry-
ing the IL-2 gene inside the particles (HVJ-E/IL-2) was administered in a mouse 
model of angiosarcoma by intratumoral injection, which induced the local accumu-
lation of CD8+ T cells and NK cells and reduced regulatory T cells in regional 
lymph nodes, resulting in inhibition of the growth of angiosarcoma cells [20].

 Conclusions
HVJ-E offers a unique mechanism of prostate cancer treatment different from 
oncolytic virus therapy. Although only a subgroup of patients with CRPC showed 
a PSA response, HVJ-E therapy could be an innovative immune therapy for pros-
tate cancer with an acceptable safety profile. Further studies to determine the 
selection of patients who will benefit from HVJ-E therapy and the optimum pro-
tocols of HVJ-E administration are necessary.
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Abstract
Symptom information is usually collected using patient-reported outcome (PRO) 
standardized questionnaires. However, there is a discordance between adverse 
event (AE) and PRO. Because, the current oncology practice for adverse event is 
based on the implicit assumption that an accurate portrait of patient’ subjective 
experiences can be provided by oncologists’ documentation alone. Prostate can-
cer working group 3 (PCWG3) mentioned the importance of patient-centered 
drug development and reporting the patient experience on study. Not only clini-
cal trial but also clinical practice, measurement, and collection of PROs are 
important. Surprising results were presented at ASCO 2017 annual meeting as 
plenary session. In this study, patients in the PRO study arm were associated with 
prolonged survival compared with the standard care without these assessments. 
These results suggested that collecting PROs timely and correctively improves 
not only QoL but also survival.

Recently, attention is paid in patient preference when treatment decision- 
making. We also introduce the patient preference study using a discrete-choice 
experiment method in Japanese patients with metastatic castration-resistant pros-
tate cancer.
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43.1  Introduction

Symptom management is a groundwork of clinical care, especially for incurable, meta-
static, and recurrent oncology situations [1]. Almost all oncologists are already aware of 
the importance of symptom management and are also aware of the difficulty of the sys-
tematic collection of symptom information. Symptom information is usually collected 
using patient-reported outcome (PRO) standardized questionnaires. Collecting PRO 
itself has been suggested as an approach to improve symptom control [2, 3]. However, 
several prospective and retrospective investigations reported a discordance between phy-
sician-reported outcomes and PROs [4, 5]. In other words, there is a discordance between 
adverse event (AE) and quality of life (QoL). Because, the current oncology practice for 
adverse event is based on the implicit assumption that an accurate portrait of patient’ 
subjective experiences can be provided by oncologists’ documentation alone.

Results of a recent trial comparing OS in metastatic patients undergoing chemo-
therapy randomized to the collection of PRO data versus routine care demonstrated 
surprising data [6]. In this study, patients in the PRO study arm were associated with 
prolonged survival compared with the standard care without these assessments.

In the area of prostate cancer treatment, several expert reviews, including prostate 
cancer working group 3 (PCWG3), mentioned the importance of patient- centered drug 
development and reported the patients’ experience on study [7, 8]. Taken together, these 
data demonstrate the increasing importance and clinical relevance of monitoring PROs.

Patient’s voice for treatment decision-making, in other words patient’s preference, 
is also important in the situation of several treatment options existing without random-
ized trial of head-to-head comparison. For example, abiraterone acetate, enzalutamide, 
docetaxel, and radium-223 are available and effective treatment option as first-line 
treatment for patients with metastatic castration-resistant prostate cancer. However, 
there are no reliable predictive biomarkers and no head-to- head trial of direct compari-
son between these agents. The decision-making is difficult for physicians and patients.

There are several patterns of decision-making of medical care, such as simple 
consent, informed consent, and shared decision-making [9]. This review mentioned 
that physicians need to use them properly at the medical situations, and authors 
concluded that shared decision-making is most appropriate for incurable oncology 
practice. In an extensive review of patient preferences and decision-making aids in 
the context of prostate cancer, Aning and colleagues reiterated the importance of 
medical care that seeks to adopt shared decision-making and aligns treatment deci-
sions with patient goals and values [10].

In this chapter, we review and discuss the evidences of PRO and patient prefer-
ence in patients with castration-resistant prostate cancer (CRPC).

43.2  Review of Evidences of PROs in mCRPC

Recently, reflecting an increasing focus on a patient-centric review, PRO to 
chemotherapy- related toxicity evaluation has been growing [11]. In new agents for 
mCRPC treatment, PROs have been measured using established QoL scoring sys-
tem in the registration trials and already reported [12–15]. Table 43.1 shows the 
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PRO of the registration trial of new agents. Using PROs and endpoints for evalua-
tions were slightly different between the trials. It makes a little difficult to compare 
the outcomes between trials.

PCWG3 mentioned the importance of PRO in the clinical trial in order to evalu-
ate value of agents, and several recommendation of selecting PROs. The summary 
of PCWG3 associated with PRO2 is shown in Table 43.2. Pain is the most estab-
lished PRO in the population and is associated with inferior survival and diminished 
quality of life. A baseline assessment uses serial measurements, including pain 
intensity, pain interference with activities, and opiate intake, over several days 
before starting treatment, using methods described by the US Food and Drug 
Administration. PCWG3 supports that pain palliation requires a patient population 
with clinically meaningful pain at baseline (e.g., ≧4 on a 10-point pain intensity 
scale) and a response at subsequent time point (e.g., a 30% relative or 2-point abso-
lute improvement from baseline at 12 weeks, confirmed at least 2 weeks later, with-
out an overall increase in opiate use).

PCWG3 also recommended that physical function should also be assessed and can 
be measured at baseline and during treatment using an established multi-item question-
naire, such as the physical function measure of the European Organisation for Research 
and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QoL-Q30) or 
Patient-Reported Outcomes Measurement Information System (PROMIS) instru-
ments. Time to deterioration of physical function and/or QoL scores should also be 
included, with a priori thresholds defining clinically meaningful deterioration score 
changes that are based on prior published data for the selected questionnaire.

Not only clinical trial but also clinical practice, measurement, and collection of 
PROs are important. Recently, surprising results were presented at ASCO 2017 annual 
meeting as plenary session. Results of a recent trial comparing OS in metastatic 
patients undergoing chemotherapy, including mCRPC patients, were randomized to 
the collection of PRO data versus routine care. The concept of this study was to evalu-
ate the outcome of monitoring PRO data that allowed for proactive clinical interven-
tions versus usual care with no PRO collection. In this study, patients in the PRO study 
arm were associated with prolonged survival compared with the standard care without 
these assessments (median OS 31.2 months vs. 26.0 months, respectively; p = 0.03) 
[6]. These results suggested that collecting PROs timely and correctively improves not 
only QoL but also survival. In other words, these data tell oncologists that we have to 
pay more attention to PROs, “patients’ voice,” in daily clinical practice.

Table 43.1 PROs of recent registration trials

Trial Agent Comparator PRO Pain
COU-AA-302 [12] Abiraterone Prednisone FACT-P BPI-SF
PREVAIL [13] Enzalutamide Placebo FACT-P BPI-SF

EQ-5D
ALSYMPCA [14] Radium-223 Placebo FACT-P No measurement

EQ-5D
TAX-327 [15] Docetaxel Placebo FACT-P PPI scale

BPI-SF Brief Pain Inventory Short Form, FACT-P Functional Assessment of Cancer Therapy- 
Prostate, EQ-5D EuroQoL 5 Dimension, PPI present pain intensity
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43.3  Review of Evidences of Patient Preferences in mCRPC

A recent research has suggested that patient preferences, in the context of breast 
cancer, possess implications for adherence, persistence, and follow-up care [16]. 
This research indicated that if patient preferences and prescribed treatment regi-
mens are misaligned, patients could be at an increased risk for discontinuation and 
nonadherence, which could affect symptom management and survival. In the situa-
tion of treatment decision, patient preference is very important, without exception 
for mCRPC.

Studies from the United States and Europe have been concluded to explore 
patient preferences among patients with mCRPC having bone metastasis [17, 

Table 43.2 The summary of PCWG3 associated with PROs

Standard Baseline Disease Assessments Recommendation
Pain assessment, opiate analgesia consumption, physical functioning (functional status), 
health-related quality of life; consider fatigue and PRO-CTCAE. Validated PRO instrument 
strongly recommended
Criteria for Progression at Trial Entry by Disease Manifestation
For pain palliation analysis, presence of clinically meaningful pain at baseline (e.g., ≧4 on a 
10-point pain intensity scale) is a prerequisite; for pain progression analysis, patients may have 
any level of pain at baseline, including no pain
Suggested Frequency of Assessment for Commonly Used Measures in mCRPC Trials
PROs: By cycle (every 3–4 weeks)
Analgesic consumption (opioids/No opioids): By cycle (every 3–4 weeks)
Suggested Outcome Measures for Clinical Trials in mCRPC: Report by Disease Manifestation
Pain palliation assessment required a patient population with clinically meaningful pain at 
baseline (e.g., ≧4 on a 10-point pain intensity scale) and response defined as a clinically 
meaningful score improvement at a subsequent time point (e.g., a 30% relative or 2-point 
absolute improvement from baseline at 12 weeks, confirmed at least 2 weeks later, without an 
overall increase in opiate use)
For control/relieve/eliminate end points:
Serial (e.g., daily × 7days) assessment at each time point can improve the stability of values. 
Principles may be extended for any PRO for which a clinically meaningful baseline PRO score 
has been determined together with a responder definition that is based on a sustained clinically 
meaningful score improvement
For delay/prevent end points:
Patients with any level of baseline pain, including no pain, are eligible to be evaluated for 
prevent/delay end points; those without pain are followed for development of pain, whereas 
those with baseline pain are followed for progression (e.g., a 2-point increase without an 
overall decrease in opiate use)
Pain assessment should be administered at treatment discontinuation and once again if feasible 
(e.g., 2–4 weeks later)
Time to deterioration of physical function and/or HRQoL scores should also be included, with 
a priori thresholds defining clinically meaningful deterioration score changes that are based on 
prior published data for the selected questionnaire

PRO-CTCAE patient-reported outcomes version of the common terminology criteria for adverse 
events, HRQoL health-related quality of life
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18]. The results of these studies suggested that patients place substantial value 
on the delay of bone complications and skeletal-related events. In one study, 
patients were willing to sacrifice from 3 to 5 months of survival in the interest 
of avoiding them [17].

These data are surprising for oncologist, because oncologist is usually interested 
in the prolongation of overall survival. On the other hand, patients do not always 
focus on overall survival when they have decided treatment decision. Oncologists 
have to mention patient preference in order to avoid the “silent misdiagnosis.”

Last year, we have completed and published patient preference study for treat-
ment of CRPC in Japan [19]. The primary objective of this study was to fill this 
important gap in the literature by enhancing the understanding of treatment prefer-
ence among Japanese patients with CRPC using a discrete-choice experiment 
(DCE). The findings from this study could relate that Japanese patients with CRPC 
primarily value the risk of fatigue and reduction in the risk of bone pain when con-
sidering potential treatment options for their CRPC (Fig. 43.1). These results also 
suggested that Japanese patients with CRPC place considerable value on their 
symptom experience when expressing a treatment preference. In other words, 
Japanese patients with CRPC were more concerned about reduced QoL derived 
from drug-induced side effects than extension of overall survival, which may impact 
shared decision-making between patients and oncologists. Our results help to pro-
vide insight into the patient experience with CRPC treatments in Japan. Recently, 
statement paper from American Society of Clinical Oncology reinforced the impor-
tance of capturing the patient perspective in defining the value of a treatment option 
in oncology [20]. Because preference can be unique to each patient, it is important 
to present the various clinical benefits and risks to ensure patients are kept informed 
throughout the treatment decision-making process.

5.09%

13.11%

14.50%

19.20%

23.23%

24.86%

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

Lost work days following treatment

Time to SSE

Administration

Overall survival

Reduction of risk of bone pain

Risk of fatigue

Relative importance

Fig. 43.1 Importance of treatment attributes for patients (from [19])
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 Conclusion
Now, it is true that PRO and patient preference are hot topics in oncology. At the 
time of treatment decision-making, in daily practice, oncologists have to pay 
more attention to and more communication with our patients in order to avoid 
silent misdiagnosis.
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