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Abstract
Purpose  Although the clinical significance of a diagnosis of prostate cancer for some men is debated, for many men it leads 
to significant morbidity and mortality. Radical treatment of clinically localized prostate cancer has been shown to improve 
survival in men with intermediate or high-risk disease. There is no high level evidence to support the superiority of radical 
prostatectomy, with or without adjuvant or salvage external beam radiotherapy in comparison to definitive radiotherapy with 
or without androgen deprivation, and the choice should be individualized. External beam radiation therapy practices are in 
constant evolution, and numerous strategies have been investigated to improve either efficacy or reduce toxicity, or both.
Methods  Randomized controlled trials investigating strategies to improve efficacy, reduce toxicity, or both of external beam 
radiotherapy have been reviewed in men with prostate cancer without nodal or distant metastases. These strategies include the 
use of neo-adjuvant and adjuvant androgen deprivation, dose-escalation, hypofractionation, whole pelvic radiation therapy, 
incorporation of improved imaging, image- guided radiation therapy, and adjuvant systemic therapy. The evidence to date 
for these strategies is discussed, noting limitations in applying the results of reported trials to men treated in contemporary 
settings.
Results  A number of strategies have shown improvements in biochemical control using external beam radiotherapy. To 
date, only with the use of androgen deprivation therapy has this translated into improvements in disease specific and overall 
survival. This may reflect the long natural history of prostate cancer and high incidence of competing risks. Technological 
advances have enabled dose escalation with reduced toxicity, of paramount importance given the long natural history.
Results  The use of external beam radiation therapy in prostate cancer is evolving with numerous strategies incorporated 
to improve outcomes. The optimum dose and fractionation and use of androgen deprivation or systemic adjuvants for each 
man is unclear based on current evidence and prognostic and predictive parameters. Patient preferences play an important 
role in chosen therapy. It is hoped that future studies better capture all prostate cancer- and treatment- related morbidity to 
clarify the optimal therapy choices for each man with prostate cancer.
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Introduction

Conflicting results from large randomized trials of PSA 
screening for prostate cancer have led to significant debate, 
not only about the value of screening, but about the value of 
treatments aimed to cure the disease [5, 132]. It is a common 
disease, being the second most frequently diagnosed cancer 

in men globally, with well over 1.2 million diagnosed in 
2018 [19]. There is, however, significant debate about the 
clinical relevance for men of a diagnosis of prostate can-
cer. While it is commonly said that more men may die with 
prostate cancer than of prostate cancer, it is a heterogeneous 
disease, behaving very differently in different men. For many 
men, it causes significant morbidity or death and it therefore 
remains an important cause of morbidity and mortality glob-
ally, being the fifth most common cause of cancer death in 
men [19].

Much research has aimed to identify, for men diagnosed 
with prostate cancer that is localized to the prostate and sem-
inal vesicles, the parameters that may predict the likelihood 

 *	 Tiffany Daly 
	 tiffany.daly@health.qld.gov.au

1	 Radiation Oncology Princess Alexandra Raymond Terrace 
(ROPART), 31 Raymond Terrace, South Brisbane, QLD, 
Australia

http://orcid.org/0000-0002-2071-3433
http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-019-02661-6&domain=pdf


566	 World Journal of Urology (2020) 38:565–591

1 3

of significant morbidity or mortality. The most widely used 
risk stratification, suggests division into low, intermedi-
ate and high-risk groups according to these tumor factors 
(Table 1) [34, 58, 139]. More recently recognition of hetero-
geneity in outcomes in men within these risk groups has lead 
to further stratification. High-risk disease has been divided 
into localized and locally advanced cohorts in the EUA risk 
grouping shown as in Table 1 [106]. The NCCN guidelines 
divide low, intermediate and high risks further into very low, 
low, favorable intermediate, unfavorable intermediate, high 
and very high risk groups [109]. Additional factors such as 
PSA kinetics or PNI help to predict outcome [11, 31, 33]. 
For each man, consideration of these factors, in addition to 
patient factors, including estimates of life expectancy and 
comorbidities, allows some estimation of the likelihood of 
morbidity or mortality from prostate cancer, from which a 
decision can be made about whether attempts at curative 
treatment are justified.

The optimal curative treatment of clinically localized 
prostate cancer is unclear. Acceptable options include radi-
cal prostatectomy, external beam radiotherapy, interstitial 
brachytherapy, androgen deprivation therapy, combinations 
of these modalities, and active surveillance or watchful wait-
ing (observation with treatment only for symptoms) [106, 
130]. Radical prostatectomy, external beam radiotherapy 
and brachytherapy, with or without androgen deprivation 
therapy, are the potentially curative modalities. The most 
effective modality in terms of cure has not been established. 
Several randomized trials have aimed to measure the effi-
cacy and toxicity of the different modalities. The early 
SPCG-4 randomized trial comparing radical prostatectomy 
with watchful waiting showed a significant improvement in 
overall survival, disease-specific survival and metastasis-
free survival with surgery, but was conducted in an era prior 
to the widespread use of PSA, and thus its applicability to 
contemporary population of men with prostate cancer was 
questioned [13]. The survival benefit was largely limited to 
those men under 65 years of age. The subsequent PIVOT 
trial, also comparing radical prostatectomy with observa-
tion, was conducted in the PSA era. Although no significant 
difference was found in overall or prostate cancer specific 

survival with surgery for the entire randomized cohort, 
there was a reduction in the risk of bone metastases, and 
subset analysis identified improvements in survival in men 
with PSA > 10 and intermediate and high risk tumors [146]. 
Although these trials did not assess the efficacy of radiother-
apy, they provide evidence that radical treatment can lower 
the risk of death or of developing metastases, particularly 
in men with intermediate and higher risk prostate cancer.

The recently published ProTECT trial randomized men 
with clinically localized prostate cancer to radical prostatec-
tomy, external beam radiotherapy or monitoring [50]. After 
a median follow-up of 10 years, the risk of dying from pros-
tate cancer was very low in all groups. Radical treatment 
reduced the risk of clinical progression, largely because of 
a reduction in the risk of metastases. Participants had pre-
dominantly low-risk prostate cancer. The median PSA under 
5 ng/mL, over three quarters had a Gleason score of 6, and 
over three quarters had T1C disease. While this study pro-
vides justification for active surveillance, the results cannot 
be extrapolated to higher risk disease.

At the other end of the spectrum, locally advanced dis-
ease, defined variably although commonly accepted to 
describe cancer that has spread beyond the prostate cap-
sule in the absence of clinically evident regional or distant 
spread, traditionally has been considered unsuitable for 
radical prostatectomy. Two randomized trials, outlined in 
Table 2 have shown a survival benefit with the addition of 
external beam radiation therapy to androgen deprivation 
compared with androgen deprivation alone [96, 143]. Both 
trials concluded that the combination of external beam radi-
otherapy and androgen deprivation should be the standard 
of care for locally advanced disease.

We therefore have evidence that for low-risk disease, radi-
cal treatment including RP and RT do not improve survival 
or reduce the risk of dying from prostate cancer compared 
with active surveillance. For locally advanced disease, RT 
improves prostate cancer specific and overall survival com-
pared with ADT alone. For intermediate and high-risk clini-
cally localized disease, PIVOT provides some evidence to 
support curative treatment, but for these men high quality 
randomized comparisons between surgery and radiotherapy 

Table 1   Risk stratification 
according to T stage, PSA (ng/
mL), Gleason score (GS) and 
N stage

Low risk Intermediate risk High risk

D’Amico—all N0 (D’Amico 
et al. [34]

T1–2a
PSA < 10
GS ≤ 6

T2b
PSA > 10–20
GS 7

≥ T2c
PSA > 20
GS 8–10

EUA [106] T1–2a
PSA < 10
GS ≤ 6
N0

T2b
PSA > 10–20
GS 7
N0

Localized: T2c, 
PSA > 20 or GS 8–10, 
N0

Locally advanced: T3–4 
or cN+, any PSA or 
GS
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are lacking. A number of non-randomized comparisons of 
surgery with external beam radiotherapy and brachytherapy 
have been published, and have suggested superior results for 
radical prostatectomy [25, 77, 134, 149]. Despite attempts 
to control for confounding variables, these cannot control 
for unknowns, including the absence of surgical staging of 
nodes in men receiving radiation therapy, and all comorbidi-
ties and competing risks.

Men who undergo radical prostatectomy who are found 
to have extracapsular extension, seminal vesicle invasion or 
positive surgical margins are at increased risk of recurrence, 
and post-operative radiotherapy has been used to reduce 
this risk. Three randomized trials to date have shown that 
adjuvant radiation therapy reduces the risk of biochemi-
cal failure [16, 140, 144]. Although the older SWOG 8794 
trial found significant improvements in overall survival and 
metastasis-free survival, the more recent EORTC 22911 and 
ARO 96-02/AUO AP 09/95 trials did not, possibly reflecting 
effective salvage therapy for biochemical failure. There is no 
high-level evidence to support the superiority of a primar-
ily surgical or radiation therapy approach. These modali-
ties differ in the logistics of treatment, and their side effect 
profile, particularly if combined modality treatment is used, 
and both should be discussed. For each man, the choice will 
depend on personal consideration of relative benefits, logis-
tics and potential side effects. Ideally treatment should be 
aimed at cure, with minimization of treatment related toxic-
ity, and ideally with preservation of urinary continence and 
potency.

The different curative modalities cannot be compared 
on the basis of biochemical failure. The definition of 

biochemical failure definition differs following RP and RT, 
and ‘failure’ does not have the same implication in terms of 
subsequent risk of prostate cancer metastases or mortality. 
Traditionally, external beam radiotherapy trials have used 
the ASTRO definition of biochemical failure, defined as 
occurring after three consecutive rises in PSA after a nadir, 
with the date of failure being halfway between the nadir 
date and the first rise, or the initiation of salvage therapy 
[4]. This was of limited clinical relevance, correlating poorly 
with clinically relevant outcomes, largely due to backdat-
ing and sensitivity to the use of androgen deprivation. The 
RTOG-ASTRO Phoenix Consensus endorsed the adoption 
of the Phoenix definition of prostate cancer in 2005, defined 
by a rise of 2 ng/mL or more above the nadir PSA [127]. 
Although biochemical failure increases the risk of subse-
quent clinical failure, not all men who develop PSA failure 
will go on to develop metastases or die from prostate cancer, 
and there may be a significant lag between time PSA failure 
and metastases or death [27]. PSA is not a surrogate for 
prostate cancer death, and therefore, more clinically relevant 
outcomes are recommended [83]. As mentioned, given the 
variable and sometimes long natural history, long follow-up 
is necessary.

Although the more recently published trials have meas-
ured clinically relevant outcomes, including overall mor-
tality, prostate cancer-specific mortality, metastasis-free 
survival, freedom from androgen deprivation, and compre-
hensive prospective assessment of toxicity and quality of 
life, there have been significant advances in both surgical 
techniques, and radiation therapy, which should be con-
sidered when applying the results of these studies to men 

Table 2   Trials of androgen deprivation therapy (ADT) ± radiation therapy (RT)

Participants Control Experimental Median follow-up Results

NCIC CTG 
PR.3/MRC 
UK PR07 
[96]

Locally advanced (T3–4) 
or organ confined T2 
with PSA > 40 or PSA 
20–40 and GS ≥ 8

n = 1205

Lifelong ADT (LHRH 
agonist or orchiectomy, 
2 weeks initial antian-
drogen)

Lifelong ADT + EBRT: 
4 field box 45 Gy/25 
whole pelvis, pros-
tate, SV, with prostate 
boost to 65–69 Gy 
or 65–69 Gy prostate 
alone

8 years Overall survival improved 
with RT; HR 0.7 (95% 
CI 0.57–0.85; P < 0.001)

Prostate cancer death 
reduced; HR 0.46 (95% 
CI 0.34–0.61; P < 0.001)

Higher frequency bowel 
toxicity with RT, but 
only 2 men ≥ G2 bowel 
toxicity at 24 months

SPCG-7/
SFUO-3 
(Widmark 
et al. [143]

T1b–2 WHO G2–3 or T3 
(~ 78%)

PSA < 70 ng/mL

Total androgen block-
ade: LHRH agonist 
3 months + flutamide 
until progression or 
death

Same total androgen 
blockade + EBRT: 
3D conformal RT 
50 Gy to prostate/SV + 
20 Gy boost to prostate 
20 mm field margin

7.6 years Overall survival improved 
with RT; HR 0.68 (95% 
CI 0.52–0.89; P = 0.004)

Prostate cancer death 
reduced; HR 0.44 
(95% CI 0.30–0.66; 
P < 0.0001)

Higher frequency of 
urethral stricture, urinary 
urgency, incontinence 
and erectile dysfunction
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presenting today. The strategies that have been investigated 
to improve outcomes with definitive external beam radio-
therapy are the focus of this review.

Many strategies have been explored to improve the out-
come for men undergoing external beam radiotherapy, aimed 
both at improving efficacy and the chance of cure or long-
term growth restraint, and reducing the risk and severity of 
side effects. These include:

	 1.	 Neoadjuvant and adjuvant androgen deprivation ther-
apy (ADT).

	 2.	 Dose-escalated radiation therapy (DERT).
	 3.	 Increasing conformality.

(a)	 CT planning—3D conformal radiotherapy 
(3DCRT).

(b)	 Highly conformal techniques—IMRT, VMAT, 
HT.

	 4.	 Incorporation of image guidance radiation therapy 
(IGRT).

	 5.	 Rectal spacers.
	 6.	 Whole pelvic radiation therapy (WPRT).
	 7.	 Hypofractionation (HF).
	 8.	 Extreme hypofractionation—SBRT.
	 9.	 Incorporation of new imaging—MRI, PSMA.
	10.	 Adjuvant systemic therapy.

Androgen deprivation

Prostate cancer cell growth androgen dependence has been 
recognized since the work of Huggins and Hodges in the 
early nineteenth century [65]. It has been an effective ther-
apy for metastatic disease for many decades. Based on its 
efficacy in the metastatic setting, and high rates of recur-
rence in localized disease with radiotherapy alone, ADT 
has been investigated with radiotherapy for localized dis-
ease. Neoadjuvant androgen deprivation has the potential 
to cytoreduce disease prior to treatment, and potentially 
reduces the volume needed to be treated. Preclinical stud-
ies suggest that neoadjuvant therapy may increase radio-
sensitivity by impairment of DNA repair, reducing the dose 
required for sterilization [48, 72, 117, 153]. Androgen dep-
rivation may also act on microscopic metastatic disease. 
Numerous randomized trials have investigated the use of 
androgen deprivation therapy (ADT) in combination with 
radiotherapy to improve the chance of cure, either neoadju-
vantly, or adjuvantly, the features of which are outlined in 
Table 3. The majority of these trials have been performed 
with doses of radiation that would be considered relatively 
low by current standards. To date, ADT is the only strategy 
which has resulted in convincing improvements in overall 

and disease-specific survival, without increasing radiation 
related toxicity. It is, however, associated with well-recog-
nized toxicity.

Four randomized trials have compared radiotherapy alone 
with the use of short term neoadjuvant and concomitant 
ADT, showing improvements in prostate cancer-specific 
survival or overall survival [32, 42, 68, 124]. Three rand-
omized trials have attempted to clarify the optimal dura-
tion of neoadjuvant ADT [26, 42, 116]. In TROG 96.10, 
6 months of ADT resulted in improved overall and disease-
specific survival compared with no ADT, whereas 3 months 
did not significantly improve outcomes compared with radi-
otherapy alone. In the study by Crook and colleagues, an 
improvement with longer duration of neoadjuvant therapy 
was only apparent in the subset with Gleason score of 8 or 
more. No clear benefit was seen with 4 months compared 
with 9 months in RTOG 99.10.

Three trials with predominantly high-risk participants 
have compared radiotherapy alone with radiotherapy and 
adjuvant ADT: RTOG 85.31 (median 2.2 years), EORTC 
22863 (3 years), and EORTC 22991 (6 months) [15, 17, 
115]. Although short-term ADT did not result in improved 
survival in EORTC 22991, longer term ADT (2 or 3 years) 
resulted in clear improvements in overall in RTOG 85.31 
and EORTC 22863, with absolute improvements in 10-year 
survival of 10% and 18%, respectively. Subset analysis 
within RTOG 85.31 suggested improvements in survival 
were confined to the subset with Gleason score 8–10 tumors.

Three trials have assessed the effect of long term ADT 
when neoadjuvant therapy is given: RTOG 9202, TROG 
RADAR and DART [41, 61, 69, 89, 148]. TROG RADAR 
found improved prostate cancer-specific survival, and RTOG 
and DART both found significant improvements in overall 
survival. Importantly, men in DART were treated with dose-
escalated radiation therapy, with a median dose of 78 Gy 
used. Most of the preceding trials used relatively low radio-
therapy doses, and the effect of androgen deprivation in the 
setting of dose escalation was unknown.

Together the above trials support the use of neoadjuvant 
androgen deprivation for intermediate risk disease, and the 
addition of long-term androgen deprivation for high risk dis-
ease. Importantly, however, intermediate risk encompasses 
a heterogeneous group, and ongoing trials will be needed 
to identify those men for whom androgen deprivation is 
unlikely to be of benefit and toxicity can be avoided, either 
using traditional or novel parameters such as molecular 
profiling.

The optimal duration of ADT in men with high-risk 
disease is debated. Two randomized trials have compared 
different durations of adjuvant therapy. EORTC 22961 
compared 6 months with 3 years of adjuvant therapy, and 
found that 3 years improved survival, with 5-year survival 
85% versus 81%, suggesting that 6 months was insufficient 
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[14]. In contrast PCS IV, which compared 36 months with 
18 months of ADT after 4 months of neoadjuvant therapy 
found no difference in overall survival. It was, however, a 
superiority trial, and therefore not powered to confidently 
exclude inferiority of a shorter course [107].

ADT is associated with well-recognized toxicities, 
including reduced libido and sexual dysfunction, vasomo-
tor symptoms, fatigue, cognitive effects, emotional effects, 
gynecomastia, reduced penile and testicular size, hair loss 
and osteoporosis. More recently, a number of studies have 
found an increased risk of metabolic syndrome with ADT, 
with an increased risk of diabetes and cardiovascular disease 
including myocardial infarction, heart failure and arrhyth-
mias, cerebrovascular disease and venous thromboembolism 
[9, 18, 30, 52, 73, 79]. Some studies have suggested that 
the risks are increased only in those with preexisting car-
diovascular disease [108, 112, 151]. Other studies have not 
identified significant increases. This may reflect differing 
relative risks in different patient populations, particularly 
in lower prostate cancer risk groups for whom ADT confers 
minimal benefit in terms of reducing prostate cancer death. 
Nguyen and colleagues performed a meta-analysis of rand-
omized trials in men with unfavorable-risk prostate cancer, 
and found significant reductions in prostate cancer mortal-
ity and overall mortality, and no significant increase risk of 
cardiovascular mortality [110]. Despite conflicting results, 
there is sufficient evidence to suggest a possible increase in 
cardiovascular risk, and therefore for each man, baseline car-
diovascular risk factors need to be considered, and weighed 
against the likelihood of benefit of ADT on prostate cancer 
morbidity and mortality. These risk factors should be moni-
tored and managed in those men in whom ADT is initiated. 
There is no evidence to date that a particular intervention is 
indicated or will abrogate risk [92].

Dose escalation

Several randomized trials have sought to identify if an 
improvement in outcome can be achieved by increasing 
the radiotherapy dose. Prostate cancer is recognized as a 
relatively radio-resistant malignancy, and doses that can be 
given are influenced by the tolerance of adjacent normal 
structures, including the rectum and bladder, and prostatic 
urethra. Significant technical advances in radiation therapy 
delivery have enabled safe dose escalation to doses that are 
less commonly used in other tumor sites. Early radiotherapy 
to the prostate was delivered using estimations of prostate 
position based on information from plain X-ray based on 
correlation to bony landmarks or information from ure-
thrography, and two-dimensional dose calculation. The 
introduction of 3D conformal radiotherapy was an initial 
advance. CT anatomical and tissue density information is 

incorporated for delineation of the target volume and organs 
and risk, 3D planning systems are used for dose calculation, 
and customized automated shielding using multi-leaf lead 
collimators within the treatment head of linear accelerators 
all allow reduction in the radiation field sizes with better 
targeting of tumor and lower doses to surrounding normal 
tissues. An early randomized trial showed the advantage of 
3D conformal radiation therapy over 2D techniques in reduc-
ing the risk of late proctitis and bleeding, without a reduc-
tion in local control [40].

Subsequently, highly conformal techniques have been 
developed, including intensity modulated radiation therapy 
(IMRT), volumetric modulated arc therapy (VMAT) and 
helical tomotherapy (HT). All incorporate computer aided 
optimization or ‘inverse planning’ to enable greater con-
formality. IMRT and VMAT incorporate dynamic variation 
in dose intensity across beams. Concave dose distributions 
with steep dose gradients can be achieved. VMAT uses the 
same hardware (linear accelerators with multi-leaf colli-
mators) with delivery of radiation therapy as the treatment 
head rotates about the patient, instead of using multiple 
static beams. HT uses different hardware resembling a CT 
scanner, with small fan beams delivering treatment while 
continuously rotating about the patient. These techniques 
have enabled higher doses to be given to the prostate and 
seminal vesicles, with the same or lower doses delivered to 
the rectum and bladder. Early non-randomized data showed 
that increases in dose up to 86.5 Gy could be achieved with 
3D conformal radiation therapy and IMRT. Escalation of 
dose improved biochemical control, and the use of IMRT 
enabled this without increasing, or in fact reducing the risk 
of proctitis [150].

Several randomized trials have been published, all 
showing reductions in the risk of biochemical relapse 
with increased dose, a comparison of which is outlined in 
Table 4 [12, 39, 54, 81, 82, 100, 152]. The majority did 
not employ highly conformal techniques. In the MDACC 
trial, subset analysis identified reductions in clinical fail-
ure, distant metastases and death from prostate cancer in 
men with PSA > 10 ng/mL, or with high-risk features [81]. 
Apart from this subset analysis involving small numbers, 
none of the randomized trials have shown that improvements 
in biochemical control translate into an improvement in dis-
tant metastases, prostate cancer-specific survival or overall 
survival.

Kalbasi et al. published results of a retrospective, non-
randomized comparative effectiveness study of DERT in 
men identified with the National Cancer Database (NCDB) 
[71]. It found that men with intermediate or high-risk disease 
had improved overall survival if they were treated with doses 
greater or equal to 75.6 Gy. The limitations of non-rand-
omized trials apply, with multiple potential unknown con-
founders. A recent meta-analysis of the above randomized 
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trials found significant relationship between dose and bio-
chemical control in all risk groups, but no effect of dose 
on overall survival [147]. The lack of relationship between 
biochemical control and clinical failure or survival may be 
related to the prolonged lag time, effective use of secondary 
interventions, or competing risks.

The randomized trials of DERT have found increases in 
toxicity with dose escalation, however, all were conducted 
before the widespread use of highly conformal radiation 
techniques, or specified dose constraints for organs at risk. 
Toxicity outcomes from these trials have contributed to our 
understanding of dose and volume tolerances for bladder 
and bowel to keep toxicity acceptably low [1, 56, 114, 119]. 
Despite the lack of high-level evidence to show that DERT 
improves survival, based on improvements in biochemical 
failure, doses above 74 Gy are widely used, and recom-
mended in guidelines [106]. With highly conformal tech-
niques and attention to dose volume constraints for organs 
at risk, the risk of toxicity can be minimized.

An important consideration with the use of more con-
formal dose distributions with steep dose gradients and the 
use of small, tight margins to reduce the dose to the sur-
rounding normal tissues is the risk of geographic miss, or 
missing the target. Two important advances have addressed 
this risk: the use of multiparametric MRI for accurate deline-
ation of the prostate, seminal vesicle and organs at risk, and 
strategies addressing potential organ motion. Multipara-
metric MRI has contributed not only to better identification 
of high-risk lesions, but also risk group modification, with 
frequent upstaging of disease. It allows better identification 
of extracapsular extension or seminal vesicle invasion, but 
also better delineation of the prostate from the surrounding 
normal structures, allowing greater sparing of normal tissues 
[10, 101]. Accurate image registration with planning CT is 
essential to ensure these advantages can be realized.

Image‑guided radiation therapy (IGRT)

Numerous studies have identified and attempted to quan-
tify interfraction and intrafraction motion of the prostate 
and seminal vesicles due to variations in bladder and bowel 
filling, and the implication of this on dose [28, 29, 78, 80, 
85, 87, 113, 133, 138]. Failure to take prostate and seminal 
vesicle motion into consideration can compromise tumor 
control. A number of studies conducted prior to apprecia-
tion of organ movement have found higher relapse rates with 
more conformal techniques [55, 94]. Numerous studies have 
shown that increased rectal filling at the time of planning 
increases the risk of failure, presumably because the prostate 
moves posteriorly during the course of treatment [37, 57].

Appreciation of this movement has led to strategies to 
either limit movement, or accurately localize the prostate Ta
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for treatment. Bowel and bladder protocols are used in an 
attempt to limit variation in bladder and bowel filling. Image 
guidance or image-guided radiation therapy (IGRT) is used 
to verify the position of the prostate for treatment. Various 
IGRT methods have been used, including the insertion of tri-
angulated radiopaque intraprostatic fiducial markers into the 
prostate, transabdominal ultrasound, low dose cone-beam 
CT scans, insertion of electromagnetic transponders which 
may allow tracking or gating, or MRI guidance [35, 145]. 
Tight margins used in highly conformal techniques can only 
be used if accurate image guidance is employed [84]. Use 
of daily image guidance may negate the negative prognostic 
influence of rectal distention at the time of planning [86].

Brachytherapy boost for dose escalation

The randomized trials of dose escalation discussed above 
all use external beam radiation therapy alone. An alternative 
mean of escalating dose is with interstitial brachytherapy. 
Brachytherapy may be delivered either low dose rate (LDR) 
applications, delivered by permanent insertion of numerous 
radioactive seeds, including 125Iodine or 103Palladium seeds, 
or high dose rate applications, delivered using multiple frac-
tions with temporary applicator placement and remote after 
loading with 192Iridium sources. The advantages of intersti-
tial brachytherapy include the ability to deliver very high 
doses to the prostate with rapid fall off in dose, with low 
doses to the surrounding normal tissues, and the ability 
to overcome the problem of organ motion. Disadvantages 
include the need for specialized equipment and expertise, 
and operator dependence. The dose to peri-prostatic tissues, 
which may harbor microscopic disease, may be insufficient, 
and therefore it is usually used with external beam radio-
therapy for men with intermediate or higher risk features. 
Not all men have suitable anatomy, and those with high IPSS 
scores are at higher risk of genitourinary toxicity.

Three randomized trials have reported outcomes of the 
use of a brachytherapy boost following external beam radio-
therapy and are outlined in Table 5. Two relatively small 
randomized trials have examined the use of high dose rate 
brachytherapy with 192Iridium [36, 62]. Both identified 
improvements in biochemical control which have not trans-
lated into reductions in metastases or death. Both used sub-
optimal doses in the control arm by contemporary standards.

ASCENDE-RT is a recently published trial conducted in 
men with high and intermediate clinically localized prostate 
cancer. All men were to receive 12 months of neoadjuvant 
androgen deprivation, with whole pelvic radiotherapy to a 
dose of 46 Gy in 23 fractions given after 8 months. Men 
were randomized to receive a conformal external beam boost 
to 32 Gy in 16 fractions, or a LDR 125I implant to give a min-
imum peripheral dose of 115 Gy. After a median follow-up 

of 6.5 years, this has shown that the risk of biochemical 
failure is more than halved with an LDR boost [105]. No 
difference in overall survival, prostate cancer-specific or 
metastasis-free survival was identified. Importantly, LDR 
brachytherapy leads to significant increases in the risk of 
late genitourinary toxicity, with more men needing tem-
porary catheterization and/or requiring incontinence pads. 
The 5-year cumulative incidence of ≥ grade 3 toxicity was 
18.4% for LDR boost compared with 5.2% (P = 0.124) [128]. 
Patient-reported health-related quality of life assessments 
were performed, and identified more clinically significant 
declines in physical function and urinary function scales in 
the brachytherapy arm [129].

These trials highlight one of the major limitations of dose 
escalation alone. More conformal techniques with the use of 
image guidance enable dose escalation without increasing 
the dose to nearby rectum, and bowel toxicity may be sta-
ble. The prostatic urethra, however, is within the treatment 
volume, and dose escalation, regardless of the method, will 
increase its dose and therefore the risk of early and late geni-
tourinary toxicity. Adjustments to seed or catheter placement 
may minimize the risk, but this may result in some tumor 
sparing.

An alternative mean of dose escalation that is enabled by 
newer technologies is partial organ or intra-lesional boost-
ing, or dose-painting. Multiparametric MRI has enabled bet-
ter delineation of tumor volume, and pathological studies 
have confirmed that local recurrences occur predominantly 
at the site of initial involvement [24]. FLAME is a recently 
published randomized trial examining this approach [103]. 
Between 2009 and 2015, 571 men with predominantly high 
risk disease with IPSS ≤ 20 and no TURP within 3 months 
were randomized to receive 77 Gy in 35 fractions with 
IMRT, with or without a boost to the tumor defined on mul-
tiparametric MRI of up to 95 Gy. Seminal vesicle dose was 
according to risk, 5–8 mm margins were used for the initial 
phase, and no margin for boost volume. ADT was permitted 
and given in 61%. With median follow-up of 4.6 years toxic-
ity outcomes have been reported, showing an increase in the 
late ≥ Grade 2 GU toxicity, without an increase in GI toxic-
ity. The urethra was not volumed and no dose constraints 
were specified. The primary outcome, biochemical failure, 
will be reported with longer follow-up.

With adequate image guidance and tight margins, and 
partial organ dose escalation, we may be able to avoid 
increasing rectal toxicity, but it is very difficult to escalate 
dose without treating prostatic urethra and trigone. These 
studies suggest that improving outcomes in prostate cancer 
will rely on more than just increasing the dose, and different 
approaches are needed to improve the therapeutic ratio. One 
such strategy aimed at reducing rectal toxicity that is cur-
rently under investigation is the insertion of a spacer, such 
as Space OAR® hydrogel between the prostate and rectum 
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which can displace the anterior rectal wall outside the high 
dose region [102]. In a randomized trial with a median fol-
low-up of 3 years, this has been shown to reduce the volume 
of rectum receiving high dose, and reduce late rectal toxicity 
and late quality of life declines [51, 95].

Hypofractionation

The above-mentioned trials have used conventional frac-
tionation, with doses per fraction of 1.8–2 Gy. Conventional 
fractionation is based traditional understanding of the differ-
ences in radiobiological responses between most tumors, and 
late reacting normal tissues, which have a greater capacity 
to repair sub-lethal damage provided the dose per fraction is 
kept relatively low. These differences have been quantified 
by the α/β ratio, being 1-3 for late reacting normal tissues, 
and closer to 10 for tumors. Numerous investigators have 
proposed from equi-effective outcomes comparing differ-
ent dose fractionation schedules that prostate cancer has an 
α/β ratio closer to 1.5, which is lower than that of nearby 
late reacting normal tissues [20, 43, 46, 75, 141]. Moderate 
hypofractionation with the use of larger doses per fraction 
may have greater biological effect on prostate cancer with-
out increasing late toxicity. It may also significantly shorten 
the overall treatment time, currently 8–9 weeks for dose-
escalated conventionally fractionated treatment.

Several randomized trials comparing moderate hypo-
fractionation with conventional fractionation have been 
performed, and are compared in Table 6. The majority of 
participants are of low or intermediate risk. Three large ran-
domized trials have recently reported 5–6-year follow-up. 
They have largely employed contemporary radiation therapy, 
with conformal techniques, central quality assurance of tar-
get coverage and organs at risk dose volume constraints, 
and image guidance for accuracy of delivery [23, 38, 91]. 
CHHIP and PROFIT used hypofractionated doses with 
similar EQD2 doses to conventionally fractionated control 
arms [23, 38]. Although both have shown an increase in 
acute gastrointestinal toxicity with hypofractionation, bio-
chemical failure rates are similar, and there is no increase in 
late toxicity. Longer follow-up will be required to confirm 
these findings. Other randomized trials have assessed the 
effect of dose escalation with hypofractionation using higher 
EQD2 doses compared with the conventionally fractionated 
arms [6, 59, 66, 91, 118]. Although one trial found reduced 
biochemical failure with hypofractionation, the dose in the 
conventionally fractionated arm was relatively low [59]. 
Others have not identified reduced biochemical relapse, and 
importantly have found increased risk of late genitourinary 
or gastrointestinal toxicity [2, 3, 66, 91]. Sub-group analyses 
suggest that the risks of late toxicity can be minimized by 
patient selection and care with dose volume constraints [60, Ta
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118]. Only one trial included patients treated with pelvic 
nodal irradiation, treating just over 30% of participants who 
had high-risk disease. This was a risk factor for increased 
late genitourinary toxicity.

The above trials suggest that with modern radiotherapy 
techniques, using highly conformal techniques, using small 
margins and image guidance to ensure treatment accuracy 
and reduced dose to normal tissues, hypofractionated radio-
therapy is effective with an acceptable toxicity profile, and 
allows a significant reduction in the overall treatment time, 
inconvenience and resource utilization. Bearing in mind that 
the larger contemporary trials report follow-up in the order 
of 5–6 years, and that < 20% of participants of the above tri-
als had high risk disease, on the basis of the results reported 
to date, the most recent ASTRO/ASCO/AUA and AUA/
ASTRO/SUO guidelines recommend that moderate hypo-
fractionation be considered for men of any risk category 
who are suitable for radiotherapy [104, 130]. Although the 
different dose fractionations have not been compared, there 
is more evidence to support doses of 60 Gy in 20 fractions 
or 70 Gy in 28 fractions, with doses higher than these asso-
ciated with greater late toxicity based on the above trials. 
Longer follow-up will be essential to determine the optimal 
fractionation, and whether efficacy and toxicity vary accord-
ing to baseline characteristics.

Stereotactic radiation therapy

While the above trials have explored ‘moderate’ hypo-
fractionation, there is interest in more extreme hypofrac-
tionation, referred to as stereotactic body radiation therapy 
(SBRT) or stereotactic ablative radiation (SABR). These 
involve the use doses per fraction closer to 6–9 Gy, with 
total EQD2 of 86-168 Gy, although the linear quadratic 
equation is unlikely to predict cell kill at such high doses 
per fraction [76]. It is thought that endothelial damage, and 
possibly immune effects contribute to the cell kill with these 
high doses per fractions [47]. Safe delivery of SBRT relies 
to an even greater degree on technological advances men-
tioned above, including highly conformal inverse planning 
techniques, improved imaging, image guidance and strate-
gies to address intrafraction movement. Ideally additional 
incorporation of radiofrequency tracking technology, using 
implanted markers by which intrafraction movement can 
be monitored, is required. A number of investigators have 
published their experience, largely with low or interme-
diate risk disease, suggesting lower biopsy positivity and 
PSA nadirs, but with increases in GU and GI toxicity [93]. 
There has been insufficient follow-up for mature biochemi-
cal failure outcomes. Until adequately powered randomized 
trials with sufficient follow-up are reported, SBRT should be 

considered investigational, and enrollment to clinical trials 
encouraged.

There is extensive interest in the use of SBRT in the 
treatment of oligometastatic prostate cancer. To date, this 
approach has proved feasible and safe when dose volume 
constraints are respected, and appears to delay time to sal-
vage androgen deprivation treatment.

Whole pelvic radiation therapy (WPRT; 
elective nodal irradiation)

An additional strategy employed in an attempt to improve 
the chance of cure with external beam radiotherapy is elec-
tive nodal irradiation of pelvic nodes, or whole pelvic radio-
therapy (WPR). There are a number of theoretical arguments 
to support the elective treatment of pelvic nodes. Surgical 
lymphadenectomy studies have identified microscopic, 
radiologically occult, nodal metastases, especially with 
higher risk tumors [22]. The Roach formula, (LNI risk = 2/3 
PSA + [(GS-6) × 10]) based on PSA and Gleason score was 
validated on surgical series and stratifies men at low or high 
risk of nodal metastases [126]. Lymph node drainage stud-
ies reveal the wide drainage patterns of the prostate to pel-
vic nodal groups including external, internal and common 
iliac, obturator and presacral nodes [97]. The RTOG 9202 
trial confirming improved survival with long-term androgen 
deprivation used whole pelvic radiotherapy [89]. Finally, 
patterns of failure studies after prostate and seminal vesicle 
only radiotherapy show high incidence of pelvic node recur-
rence, including in common iliac nodes [135].

There are, however, a number of arguments against elec-
tive pelvic nodal irradiation. Increasing the treated volume 
has the potential to increase toxicity. Treatment of the whole 
pelvis with 3D conformal radiotherapy includes large vol-
ume of small and large bowel. Highly conformal techniques 
allow significant reduction in dose to bowel [111, 142]. 
Many debate whether nodal metastases are curable with the 
doses of radiation that can be employed, even with addi-
tional androgen deprivation. Finally, three randomized trials, 
outlined in Table 7, have failed to reveal significant effects 
on biochemical failure, clinical failure or survival [7, 8, 88, 
120, 125].

The early RTOG 77-01 included many men with lower 
risk disease, including those who were pathologically node 
negative. The subsequent RTOG 94-13 trial was conducted 
in men thought to be of high risk of lymph node metastases 
on the basis of Roach formula LN% greater than 15%. This 
was a 2 × 2 randomized trial, with randomization either to 
prostate/seminal vesicle radiation therapy (PORT) or WPRT, 
and randomization to 4 months of neoadjuvant or adjuvant 
androgen deprivation. Although the initial analysis after 
a median follow-up of almost 5 years found a significant 
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reduction in biochemical failure with WPRT, no significant 
difference was evident on a subsequent analysis with longer 
follow-up. The initial analysis had suggested an interaction 
between the use of WPRT and the timing and androgen dep-
rivation, with significant reductions in failure in men receiv-
ing neoadjuvant hormones who receive WPRT compared 
with PORT. These differences did not remain significant 
with longer follow-up, and indeed the trial was not pow-
ered for comparison between the four treatment arms. The 
GETUG-01 was also negative, but also included many men 
of lower risk.

The failure to identify improvements in outcome with 
whole pelvic radiotherapy may be related to poor patient 
selection, inadequate coverage of nodes or inadequate dose. 
The use of highly conformal techniques necessitates accurate 
delineation of nodal locations at risk, and consensus guide-
lines have been published [53, 90]. There is ongoing debate 
about the adequacy of these volumes, with a recent MSKCC 
pattern of failure trial after prostate and seminal vesicle only 
found a high incidence of common iliac relapse [97].

There is concern that highly conformal dose distribu-
tions for pelvic nodes may lead to compromised coverage 
depending on the image guidance used. Image guidance is 
often based on the position of the prostate, rather than bony 
anatomy and pelvic nodal position. Despite this, studies sug-
gest that the risk of failing to cover the nodal PTV due to 
image guidance based on fiducials is very low, although this 
would depend on margins used [44, 64].

The results of the ongoing RTOG 09-24, in men of 
moderate to high risk of recurrence, using contemporary 
radiotherapy techniques with IMRT, contemporary doses (to 
79.2 Gy or brachytherapy implant) and 4, 6 or 32 months of 
androgen deprivation, and the UK prostate and pelvis versus 
prostate alone treatment for locally advanced prostate cancer 
(PIVOTAL) trial, a multicenter phase II trial, are eagerly 
awaited.

Although there is interest in hypofractionated whole pel-
vic radiotherapy, the above studies have used conventional 
fractionation [70]. Only the Italian randomized trial of hypo-
fractionation used whole pelvic radiotherapy [6].

Adjuvant systemic therapy

An important reason for failure to cure prostate cancer 
with radiotherapy may be related to occult metastatic dis-
ease. As mentioned above, numerous studies have con-
firmed the benefit of the addition of ADT to radiation ther-
apy, either because of a synergistic effect with increased 
radiosensitivity, or effects on micro-metastatic disease. 
A significant proportion of men with high-risk disease 
fail despite the use of DERT, neoadjuvant and long-term 
adjuvant ADT, and alternative strategies are required. A 

number of systemic agents have been investigated in an 
attempt to target occult metastatic disease. Based on its 
efficacy in the setting of metastatic castration-resistant 
prostate cancer (PRPC) in TAX 327 and subsequently in 
hormone naïve metastatic disease in CHAARTED and 
GETUG-AFU 15, docetaxel has been used earlier with 
radiation therapy and ADT with high risk, non-metastatic 
disease [49, 136, 137]. Four randomized trials are com-
pared in Table 8 [45, 67, 74, 131]. Although STAMPEDE 
found an improvement in median survival with the addi-
tion of docetaxel, subset analysis did not show a benefit 
in the M0 subset. Longer follow-up is required to deter-
mine if there are significant improvements in survival that 
would justify the toxicity of docetaxel.

Newer agents, which act on the androgen receptor, such 
as enzalutamide, a potent androgen receptor inhibitor, are 
also being investigated, based on their activity in the meta-
static setting, and more favorable side effect profile with 
randomized trials in progress.

Imaging advances

New staging imaging modalities such as positron emis-
sion tomography (PET) using prostate-specific membrane 
antigen (PSMA) ligands have shown promise in the detec-
tion of otherwise occult metastatic disease. Staging for 
metastatic disease for intermediate and high-risk men at 
initial presentation has traditionally included computed 
tomography (CT) scans of the abdomen and pelvis for 
detection of lymph node metastases, MRI for identifica-
tion of local recurrence, and 99mTc bone scans for bony 
metastatic disease. The sensitivity and accuracy of CT, or 
MRI, for detection of lymph node involvement are low [21, 
63]. While not yet widely available, the sensitivity, speci-
ficity and accuracy of PET imaging with PSMA ligands 
have been shown to be superior to morphological staging 
with CT or MRI using histopathological correlation of 
lymph node dissection [98, 99, 123], and superior to bone 
scan in the detection of bone metastasis, although histo-
logical confirmation of metastatic disease is often lacking 
[122]. Currently, early deaths in clinical trials may be the 
result of comorbid conditions or occult metastatic disease 
at presentation. More widespread use of accurate imaging 
for staging will better identify those with metastatic dis-
ease for whom radical local treatment will not be curative, 
and for whom alternative strategies are required, and those 
with truly localized disease for whom intensification of 
local therapy is justified. Improved staging will result in 
stage shifts that will need to be considered when compar-
ing outcomes from contemporary series with historical 
controls.
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Conclusion

Identifying the optimal treatment for each man with pros-
tate cancer remains a significant challenge. Although some 
tumor and patient factors allow us to make some estimate 
of competing risks, prostate cancer behavior is heterog-
enous. For many men, prostate cancer has a long disease 
course. Identification of optimal treatment cannot rely on 
comparison of biochemical relapse alone. While it does 
provide an early marker of relapse, it is not a surrogate 
for prostate cancer morbidity, and provides no indicator 
of treatment-related morbidity. Reporting of toxicity out-
comes has been incomplete and non-standardized, particu-
larly for incontinence and sexual dysfunction. Given the 
long natural history of prostate cancer, efficacy and toxic-
ity outcomes of randomized trials that have reported clini-
cally relevant outcome data now will not have used cur-
rently available staging imaging investigations, and may 
have used radiation therapy techniques that do not reflect 
contemporary practice. For those for whom a decision to 
use definitive external beam radiotherapy is made, there 
are numerous strategies employed to optimize outcomes, 
either aimed at improving efficacy or reducing toxicity. 
The optimal strategy, or combination of strategies for each 
man is debatable, and hopefully will be elucidated with 
ongoing trials using not only efficacy outcomes and stand-
ardized toxicity measures, but patient-reported outcomes. 
In the meantime, presenting the different options and the 
evidence clearly to each man is important, if challenging, 
and will allow him to make an informed choice that takes 
into account his personal preferences.
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