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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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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-T3NOMO 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



12 ADT in Combination with Radiation Therapy for Clinically Localized Prostate Cancer 105

1s00q AderoyiAyoriq 91eI-asop-ysiy yGH @[qe[IeAR JOU y/N ‘JueAn(pe y/ ‘quannouod ) Jueanlpeosu

VN ‘Aderoy) uoneardap uadorpue [y ‘so[o1saa Teurwas snid 9jeisord AS+q ‘stajed ojoym gy ‘qruowr gy ‘porrad dn-mof[oy 4 ‘AI[EIIoW [[BI2A0 O ‘A
-TerIow oy10ads-100ued 9181801d S J ‘SISLISLIdW JURISIP /(7 ‘In[Ie) uadnue oyroads-aresoid Jy§q ‘siuaned jo roqunu u ‘KdeIoylorper weaq [euIXe Jyg7

(1994 snid 1V Wie)-110ys) [01U0D Y WOIJ JUAIJIP APUBdYIUSIS (Ioquinu pjog
uaaoxdun AJLIOLIQJUI-UON],
Ieap JO 2SNed [[& 1O SISLISL)AW JURISI,

[)Bap JO ASNEI [[B IO JVSde

(V+D+VN)
LAV-N09 + 1¥9d
T 29l (V+D+VN)
T8 0T VIN|  VIN 249€ LAV-INPT + 189 | AS+d TL|  OWONP-€L| 08T [cel o
(V+D+VN)
LAV-NST + 1¥9d
S 0 9 01 (O+VN) ONONAE [0£] ODID
€¢ ! ¢ oLl W61 LAV-NY + IM9d | AS+ T8-9L OIL| T9¢ S0/1014vVA
(V+D+VN)
LAV-W8I + 1¥9d
61 'L Pl 6T (O+VYN) AAHHY
YL L1 'y 9 vE LAV-NY + IM9d | AS+d vL-99 | OWONP-9ZL| 1201 | [1€]+0-€0 DOYUL
(V+D+VN)
LAV-INST + 1994
0L 91 LT sy (O+VYN)
961 €L [44 9T 19 LAV-NY + 149H dm 0L=S9| OWONP-OZL| #$S1| [62] 20-26 DOLY
St e (V+D) LAV-N9E + 1d9d ONT-ONY (82l
9 61 LY| VN VIN|  (V+D) LAV-IN9 + 194 dm 0L OLL| €111 1967C DIN0H
(steak) | (%) WO (%) (%) (%) wiy | pRy Iy (£0) osels | u Apmg
N UBIPIN INSOd|  INA|  AVSd 2s0p 1Y [ea1ur)

1994 snid Qv wid-3uoj/ereipautioul snsioa 1 gd snjd Qv widl-1oys Sutredwod sarpmys [ oseyd pazrwopuey 41 djqgeL



106 T. Mizowaki

with EBRT, compared with EBRT alone [21, 22]. The main targets of these stud-
ies were patients with locally advanced (T3-4NOMO) 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 I1I 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 PRO7
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 (T3-4NOMO) 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 T3-4NOMO 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.
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