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Introduction

Prostate cancer entails a complete spectrum from indolent 
disease to highly aggressive lethal forms of the disease. 
While many men will never require treatment of their 
prostate cancer and others can be cured with local therapy 
alone, a significant sub-set may achieve cure with combined 
local and systemic treatment. The first studies to establish 
benefit of systemic therapy when combined with radiation 
therapy for men with clinically localized high-risk prostate 
cancer focused on the addition of androgen deprivation 
therapy (ADT). Numerous phase III trials now have shown 
advantages including improved overall survival with the use 
of ADT in combination with radiation therapy in treatment 
of clinically localized intermediate to high risk prostate 
cancer (1-6). Subsequently, studies have explored the ability 
of chemotherapy to improve outcomes in treatment of 
prostate cancer. Initial success in treatment of metastatic 
disease has led to further studies exploring the role of 
chemotherapy in progressively earlier stages of disease 
including in combination with radiation therapy.

Chemotherapy for metastatic prostate cancer 

In order to appreciate the emerging role of chemotherapy 
in combination with local therapies such as radiation, 
it is important to understand the evolution of use of 
chemotherapy starting with its application in treatment of 
castration resistant prostate cancer (CRPC) and subsequent 
application earlier in the disease spectrum. The first 
chemotherapeutics for prostate cancer, estramustine and 
mitoxantrone were approved in the United States for 
routine clinical care in 1981 and 1996 respectively. These 
approvals were largely based on PSA response and palliative 
endpoints with no overall survival benefit established (7-11).

The ability of chemotherapy to impact on prostate cancer 
survival was first defined in CRPC in 2004 and since then 
additional studies have defined the role of chemotherapy in 
increasingly earlier scenarios in disease presentation.

In a phase III study conducted by the Southwest 
Oncology Group (SWOG) in CRPC, docetaxel and 
estramustine was compared with mitoxantrone and 
prednisone. The docetaxel and estramustine arm resulted in 
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an increase in overall survival of 17.5 vs. 15.6 months (12). 
Another contemporary multi-institutional phase III study 
to SWOG 9916, TAX 327 assessed single agent docetaxel 
without estramustine in comparison with mitoxantrone. 
One thousand and six men with CRPC were randomized to 
receive prednisone with either 12 mg/m2 mitoxantrone every 
3 weeks, 75 mg/m2 docetaxel every 3 weeks, or 30 mg/m2 
docetaxel weekly. Patients receiving docetaxel on the every 
3-week regimen had significantly improved overall survival 
as compared to mitoxantrone, 18.9 vs. 16.5 months with 
a hazard ratio for death of 0.76. Weekly docetaxel did not 
result in significantly better survival than mitoxantrone (13).  
The finding of survival advantage with single agent 
docetaxel therefore provided new impetus for exploring the 
role of docetaxel in treatment of high-risk localized disease. 

Following the establishment of a role for docetaxel 
in CRPC, subsequent studies explored the role of taxanes 
in earlier disease presentations. In a large phase III trial, 
CHAARTED, addition of six cycles of docetaxel to long-
term ADT in men with newly diagnosed hormone naïve 
prostate cancer resulted in a 14-month improvement in 
median survival of 58 vs. 44 months (HR 0.61, P<0.001) (14).  
GETUG-AFU 15, a smaller phase III study of 385 patients 
with radiologically proven metastatic disease included 
randomization to ADT alone or in combination with up 
to nine cycles of docetaxel given every three weeks. With 
median follow-up of 50 months, a modest difference in 
overall survival in favor of docetaxel was observed, 60 vs.  
54 months, which however was not statistically significant (15). 

Primary radiation and chemotherapy 

The effectiveness of docetaxel in upfront treatment of 
very high risk non-metastatic or hormone naïve metastatic 
prostate cancer has also become apparent in recent years. 
The STAMPEDE trial included men with either high-
risk locally advanced non-metastatic prostate cancer (node-
negative, stage 3 or 4, PSA ≥40 ng/mL or Gleason 8–10) 
or newly diagnosed metastatic disease. The proportion of 
non-metastatic (M0) to metastatic subjects was 39%/61% 
including 15% N+ and 24% N0 amongst the M0 patients. 
Subjects were randomized to standard of care alone, 
consisting of at least 3 years of ADT with local radiation 
initially encouraged and subsequently mandated in 2011 
for patients with N0M0 disease and optional for patients 
with N1M0 disease, or combined with either six cycles of 
docetaxel, 2 years of zoledronic acid, or with both docetaxel 
and zoledronic acid. 

Exact radiation technique was at the discretion of the 
treating physician. All patients received treatment to the 
prostate and seminal vesicles with the option of pelvic 
nodal radiation for patients with negative nodes on axial 
imaging. Patients with N+ disease received initial pelvic 
irradiation. 3D conformal radiation or intensity-modulated 
radiation therapy (IMRT) were allowed. Recommended 
total dose was 7,400 cGy in 37 fractions to the prostate and 
seminal vesicles with optional pelvic node dose of 4,600 to 
5,000 cGy in 200 cGy fractions. Hypofractionation or dose 
escalation at the discretion of the treating physician was 
allowed. 

A total of 2,962 hormone naive men were accrued. 
Planned use of standard of care radiotherapy was similar 
across groups (28–29%), In patients with non-metastatic 
disease, 62% received radiotherapy with higher proportions 
of N0 than N+ patients receiving radiotherapy. With 
median follow-up of 42 months, there was a 10-month 
improvement in median overall survival, 77 vs. 67 months 
with the addition of docetaxel. While the greatest difference 
in survival was seen in metastatic patients, high-risk M0 
patients also benefited (16) with a strong failure-free 
survival benefit. 

In a multi-institutional French trial, GETUG 12, 
patients with treatment-naïve prostate cancer and at least 
one risk factor (stage T3–T4 disease, Gleason score of ≥8, 
PSA >20 ng/mL, or pathological node-positive disease) 
were randomized to either 3 years of treatment with 
goserelin plus four cycles of docetaxel on day 2 at a dose of 
70 mg/m2 and estramustine 10 mg/kg per day on days 1–5, 
every 3 weeks, or goserelin alone. All patients underwent a 
staging pelvic lymph node dissection. Local treatment was 
decided upon in a multidisciplinary meeting before patient 
enrolment. Local treatment was given 3 months after the 
start of systemic treatment. In patients with pathological 
node-negative disease, it consisted of radiotherapy or 
prostatectomy. In patients with node positive disease, it 
consisted of radiotherapy or no local treatment. When 
radiotherapy was given, a three-dimensional conformal 
technique was used. A dose of 4,600–5,000 cGy delivered 
to the seminal vesicles and pelvic lymph nodes (when 
included) using a conformal four field technique. The 
radiation dose delivered to the prostate was originally set at  
7,000–7,800 cGy in fractions of 200 Gy and subsequently 
was amended to require a dose of 7,400–7,800 cGy, as 
the result of new evidence supporting efficacy of dose  
escalation (17). Both open and laparoscopic prostatectomy 
was allowed for patients undergoing surgery. 
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A total of 413 subjects were enrolled including 207 
patients to the ADT plus docetaxel and estramustine group 
and 206 to the ADT only group. Local treatment consisted 
of radiotherapy for 358 (87%) of 413 patients. Median dose 
of radiotherapy was 7,400 cGy in each group. A pelvic field 
was used in 51% of patients in the ADT plus docetaxel 
and estramustine group and in 50% of patients in the 
ADT only group. Twenty-five (6%) of 413 patients had a 
prostatectomy. Local treatment was the treatment planned 
before randomization for 99% of evaluable patients.

Median follow-up was 8.8 years. Relapse-free survival 
was improved with addition of chemotherapy with 62% 
in the ADT plus docetaxel and estramustine group versus 
50% in the ADT only group remaining relapse free at 
eight years, resulting in a hazard ratio of 0.71. Relapse or 
death occurred in 43% in the ADT plus docetaxel and 
estramustine group vs. 54% in the ADT only group. In the 
subset of patients who were treated with radiotherapy and 
had data available, 21% of 151 in the ADT plus docetaxel 
and estramustine group versus 18% of 143 in the ADT only 
group reported a grade 2 or higher long-term side effect 
(P=0.61). No excess second cancers were noted and there 
were no treatment-related deaths. Neutropenic fever and 
grade 3–4 thromboembolic events occurred in only 2% of 
patients. There was no detriment in quality of life at one 
year in the ADT plus docetaxel and estramustine group (18).

RTOG 9902 was designed to assess whether adjuvant 
chemotherapy would improve overall survival in addition 
to radiation therapy and ADT. Subjects were randomized 
to radiation therapy and ADT with or without adjuvant 
chemotherapy with paclitaxel, estramustine, and oral 
etoposide (TEE). The trial included high-risk patients as 
defined by PSA 20–100 and Gleason score ≥7 or clinical 
stage ≥T2 and Gleason score ≥8. 

Radiation therapy was initiated 8 weeks after start of 
ADT. CT simulation was recommended but not required. 
IMRT was not allowed as it was not sanctioned as an option 
in NCI trials at the time of initiation of RTOG 9902. 
Patients on both arms received pelvic radiation to a dose 
of 4,680 cGy in 180 cGy followed by a prostate boost to 
deliver 2,340 cGy in 180 cGy fractions for a total prostate 
dose of 7,020 cGy. If the seminal vesicles were involved, 
an intermediate volume including the prostate and seminal 
vesicles was treated to 5,580 cGy. Chemotherapy was 
initiated beginning 28 days after completion of radiation 
therapy. ADT with LHRH agonist was continued for a total 
of 24 months including a total of 4 months of oral anti-
androgen through completion of radiation therapy. 

The trial was opened in 2000 and closed in 2004 due to 
excess thromboembolic toxicity in the TEE arm with this 
toxicity attributed to estramustine. A total of 397 patients 
were randomized. Median follow-up was 9.2 years. Ten-year 
results for all randomized patients revealed no significant 
difference between arms in overall survival, biochemical 
failure, local progression distant metastases or disease-free 
survival. Ten-year overall survival was 65% vs. 63% in the 
radiation + ADT vs. radiation + ADT + TEE arm (P=0.81). 
Due to accrual of only 397 of the intended 1,440 subject the 
power to detect a difference in overall survival was reduced 
from the study designed 90% to 62% (19).

In follow-up to RTOG 9902, RTOG 0521 was designed 
to assess whether addition of single agent chemotherapy 
with docetaxel to standard radiation therapy and ADT 
would result in improved overall survival in the primary 
treatment of high-risk clinically localized prostate cancer. 
At the time of trial development, the favorable results of 
SWOG 9916 and TAX 327 had been reported generating 
added interest in exploring the role of docetaxel in earlier 
stages of disease. RTOG 0521 also updated radiation doses 
and techniques compared with RTOG 9902. IMRT was 
added as an option during the conduction of the trial. 
Radiation included treatment of the pelvic lymph nodes to 
4,680 cGy followed by boost to the prostate to a total of 
7,200–7,560 cGy at 180 cGy per fraction. Seminal vesicles 
were included to full dose if involved by tumor. 

Preliminary results of RTOG 0521 suggest benefit to the 
addition of docetaxel to radiation therapy and ADT in the 
non-metastatic high-risk population of patients receiving 
primary radiation. Five hundred sixty-three eligible subjects 
were included in an initial report. With median follow-up 
of 6 years, there was improvement in 4-year overall survival 
with addition of docetaxel from 89% to 93% as based on a 
prospectively designed one-sided log rank analysis (P=0.04, 
HR 0.70) (Sandler 2015). While falling short of the ambitious 
study goal inclusive of a HR of 0.49, the degree of benefit 
was similar to other studies demonstrating benefit to novel 
treatment strategies in prostate cancer. Longer-term results 
confirming overall survival benefit are awaited (20).

There is potential for greater benefit but also risk 
of greater toxicity with concurrent radiation and 
chemotherapy. Researchers at the University of North 
Carolina reported the results of a single institution phase I 
study assessing concurrent docetaxel escalated successfully 
to 20 mg/m2 weekly with dose escalated IMRT to  
7,800 cGy directed to the prostate and seminal vesicles. 
All patients also received 2 years of ADT with acceptable 
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side effect profile and promising early efficacy results (21). 
A similar phase I study using cabazitaxel and IMRT to  
7,560 cGy was recently completed at Thomas Jefferson 
University with final results pending (22).

Post-operative radiation and chemotherapy

Radical prostatectomy is associated with excellent outcomes 
for many prostate cancer patients, A significant portion of 
patients however will recur locally, distally or both despite 
prostatectomy. Patients who do recur within 3 years of 
prostatectomy have been shown to be at much great risk of 
death from prostate cancer (23). Adjuvant radiation has been 
shown to mitigate disease progression in randomized phase 
III trials for men with high risk features such as seminal 
vesicle involvement, extra-capsular extension or positive 
margins as demonstrated in three randomized trials assessing 
observation vs. upfront radiation post-prostatectomy  
(24-26). Additional analyses have defined high risk groups 
of patients that do poorly even with additional local therapy 
with post-operative radiation therapy (27,28). In this very 
high-risk population the role of systemic therapy including 
both ADT and chemotherapy is in the process of being 
defined. 

SWOG 8794 revealed that the risk of metastasis or 
death is greater for men with a detectable PSA post-
operatively who receive radiotherapy compared to those 
with an undetectable PSA who receive adjuvant radiation  
therapy (27). A recent update of the ARO 9602 study 
confirmed this finding (28). Given the high risk of failure 
with radiation alone for patients for whom PSA does not 
become undetectable post-prostatectomy, optimizing 
systemic therapy in this patient population is important. 

Rationale for the use of ADT and chemotherapy in 
the post-prostatectomy setting builds upon the use of 
these agents in treatment of clinically localized and more 
advanced prostate cancer. Studies have included a range 
of strategies including ADT alone, chemotherapy alone, 
combined ADT and chemotherapy, chemotherapy, or 
combined radiation, ADT and chemotherapy. SWOG 
9921 was a phase III trial including 993 high-risk post-
prostatectomy patients with undetectable PSA randomized 
to 2 years of ADT +/− six cycles of mitoxantrone. The 
study was closed in 2007 to further accrual after three cases 
of acute myelogenous leukemia (AML) were reported of 
a total of 487 patients in the mitoxantrone treatment arm. 
No differences were noted in survival with the addition of 
chemotherapy (29). A follow-up report revealed excellent 

long-term disease control in the ADT alone arm (30). The 
role of chemotherapy without further local treatment in 
high-risk patients post-prostatectomy has also been assessed 
in two phase II trials with either docetaxel alone (31) or 
24 months of ADT with 3–8 week cycles of ketoconazole 
and doxorubicin for weeks 1, 3, and 5 and estramustine and 
docetaxel for weeks 2 ,4, and 6 (32). Both trials revealed 
relatively promising results in regard to efficacy with 
acceptable side effect profiles noting comparisons between 
studies are not feasible given the diverse patient populations 
studied. Of note the question of efficacy of neoadjuvant 
docetaxel pre-prostatectomy has also been addressed in the 
phase III setting on CALGB 90203 with results expected in 
the coming year (33).

RTOG 0621 was the first cooperative group study 
to assess use of combined ADT, chemotherapy and 
radiation in the post-prostatectomy setting. This trial was 
a single arm phase II study designed to provide an initial 
assessment of docetaxel in addition to ADT and radiation 
therapy in treatment of men with high-risk features post-
prostatectomy. Eligible patients included men with ≥50% 
risk of progression with radiation alone based on findings 
from SWOG 8794 including pathologic T3 and Gleason 
score ≥8 or with PSA nadir ≥0.2 ng/mL and Gleason score 
≥7. A high bar was set seeking to define a 20% or greater 
increase in 3-year freedom from progression (FFP) with 
the addition of androgen deprivation and docetaxel as 
compared to adjuvant radiation therapy alone as define by 
SWOG 8794. Three-year FFP on RTOG 0621 was 73% 
despite the fact that patients on RTOG 0621 had worse 
prognostic factors than the historical control group from 
SWOG 8794, including Gleason score ≥8 in 82% vs. 18% 
and detectable PSA post-prostatectomy in 47% vs. 36%. 
In particular, patients whose PSA failed to nadir post-
prostatectomy to undetectable levels did worse than other 
patients. Three-year FFP was 54.1% in the subset of 37 
patients with PSA nadir >0.2 ng/mL as compared to 92% in 
all other subjects. At time of analysis with median follow-up 
of 4.4 years 25 biochemical, 11 distant, and no local failures 
had occurred with 10 of 11 distant failures associated with 
detectable PSA post-prostatectomy. Three deaths occurred 
of which two were prostate cancer related. Univariate and 
multivariate models revealed post-RP PSA was statistically 
significantly associated with FFP, biochemical and distant 
failure and Gleason score with biochemical failure on 
multivariate analysis. Side effects of chemotherapy, 
including grade 1–2 peripheral neuropathy and grade  
3–4 neutropenia were common, however only 3 cases 
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of febrile neutropenia occurred. Late treatment related 
toxicities included 4 (5%) various CTCv3.0 grade 3 and 
2 (3%) cases of grade 4 urinary incontinence (34). While 
patients with detectable PSA nadir on RTOG 0621 did 
better than similar historical controls, the high rate of 
early failure and disease progression in this high-risk group 
demonstrated there is a timely and compelling need to 
further define the role of ADT and chemotherapy in a 
randomized trial for these patients. 

NRG GU002 therefore builds upon the findings of 
RTOG 0621. This is a phase II/III study with a primary 
objective to assess the benefit of docetaxel as measured by 
improvement in freedom from progression (phase II) and 
subsequently metastasis free survival (phase III) when given 
in combination with radiation and androgen deprivation 
in treatment of high-risk prostate cancer post-radical 
prostatectomy (35). Based on the finding from RTOG 
0621 that patients who failed to achieve an undetectable 
nadir where at much greater risk of progression than other 
previously defined high-risk patients, eligibility includes 
those with a post-prostatectomy nadir of ≥0.2 ng/mL and 
Gleason score ≥7. All subjects receive a total of 6 months 
of ADT including bicalutamide and an LHRH agonist and 
radiation. Radiation therapy includes pelvic irradiation to 
4,680 cGy followed by a prostatic fossa boost to 6,840 cGy. 
The seminal vesicle remnants or fossa are also treated to full 
dose if found to be involved at the time of prostatectomy. 
Both 3D conformal radiation and IMRT are allowed 
noting that over 80% of patients on RTOG 0621 received 
treatment with IMRT. 

Future directions

New chemotherapeutic approaches 

Further advances in the use of chemotherapy in combination 
with radiation therapy are likely to involve optimization of use 
of other established agents apart from docetaxel; incorporation 
of new drugs into clinical use; and better definition of who may 
benefit from use of specific chemotherapy regimens.

The multi-institutional phase III TROPIC trial defined 
a role for cabazitaxel in second line treatment of CRPC. 
Patients who failed treatment with docetaxel were 
randomized to mitoxantrone or cabazitaxel with the finding 
of overall all and progression free survival advantage to the 
use of cabazitaxel (36). The FIRSTANA trial compared 
cabazitaxel with docetaxel in treatment of chemo-naïve 
patients with metastatic CRPC and failed to show a 

difference in either overall or progression free survival (37). 
The activity of cabazitaxel in earlier stage disease, however, 
remains to be defined. The phase III PEACE-2 for high-
risk localized prostate cancer is addressing use of cabazitaxel 
with radiotherapy. Primary results are expected in 2019 (38).

PARP inhibitors are an emerging class of agents now 
starting to be assessed in primary treatment of locally 
advanced prostate cancer. These agents work by inhibiting 
DNA repair and therefore their combined use with 
DNA damaging agents such as radiation is an intriguing 
therapeutic strategy. Hyperthermia which works in part 
through inhibition of DNA repair (39,40) and has shown 
promising results when combined with radiation in 
treatment of prostate cancer (41) might also enhance the 
effects of PARP inhibitors. Likewise, intriguing results have 
been noted in a series of phase II trials with the addition of 
carboplatin to taxane therapy (42-44). Addition of radiation 
and/or hyperthermia to platinum drugs is another possible 
avenue to advance the use of chemotherapy in locally 
advanced disease (45,46).

Personalized therapy

Multiple approaches to more specific definition of an 
individual patient’s prostate cancer and tools to assess both 
prognosis and prediction of treatment response are rapidly 
moving forward towards routine clinical application.

Prostate cancer sub-typing analogous to breast cancer 
had provided greater understanding of variations in the 
range of tumor aggressiveness and response to established 
therapies (47). As an example, luminal B prostate cancer 
has been associated with poorer prognosis and increased 
response to more complete androgen deprivation. Similar to 
breast cancer, sub-typing of prostate cancer is likely to lead 
to better understandings of who will derive greatest benefit 
from chemotherapy including in the locally advanced 
treatment setting.

Genomic analysis is already showing utility in guiding 
treatment decisions. A novel secondary objective of NRG 
GU002 is to assess the ability of a genomic classifying test 
to predict outcomes in this patient population. Decipher 
Post-Op is a 22-gene-based signature which was previously 
developed, from an unbiased transcriptome-wide analysis 
of prostate cancer samples, to predict for poor clinical 
outcomes in a cohort of 545 patients with higher-risk disease 
treated with prostatectomy (48). Subsequently, Decipher 
was validated to predict disease recurrence and metastases in 
several studies, and has now been associated with outcomes 
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in over 1,600 patients treated with prostatectomy (49-55). 
Moreover, recent studies have suggested that Decipher can 
predict which patients will have poor outcomes following 
post-operative radiation therapy (53,56-58). A recent multi-
institutional study revealed only Decipher and persistently 
elevated PSA post-prostatectomy were prognostic for 
metastases. Furthermore, within the group of men with 
persistently detectable PSA, the 5-year metastasis rate was 
1% for Decipher low/intermediate and 24% for Decipher 
high-risk (P<0.001) (58). Decipher has therefore been 
incorporated as a stratification critera (low/average vs. high 
Decipher score) along with Gleason score 7 vs. 8–10 and 
0.2≤ PSA ≤ 1 vs. ≥1 ng/mL.

A number of other markers have shown promise in 
guiding decisions about the use of chemotherapy in prostate 
cancer. Other avenues of active investigation include 
circulating tumor cells (59-61), Plasma-free circulating 
DNA (62), cytokines (63), telomerase activity (64), AR 
nuclear localization (65,66), and ERG (67).

Conclusions

There is accumulating evidence that chemotherapy when 
combined with radiation and typically ADT as well has 
meaningful clinical impact in locally advanced prostate 
cancer. The use of chemotherapy in this patient population 
builds upon the demonstrated advantages including survival 
advantage with docetaxel seen in metastatic disease. New 
chemotherapeutics coupled with emerging predictive 
makers and tools promise to further advance treatment 
in targeted ways to the benefit of many prostate cancer 
patients. 
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