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Although prostate cancer (PCa) is the most common 
malignancy in men, accounting for nearly 1 in 5 new 
cancer diagnoses in the USA, it has the highest five-
year relative survival rate (1). Most men diagnosed with 
PCa have localized disease, which may present with low-, 
intermediate-, or high-risk biochemical relapse as defined by 
the National Comprehensive Cancer Network (NCCN) (2).  
At the localized stage, various management options are 
available for PCa, including definitive external beam 
radiotherapy (RT), radical prostatectomy, brachytherapy, 
and active surveillance (for low-risk and favorable 
intermediate-risk disease). 

In the traditional course of RT, called conventionally 
fractionated RT (CF-RT), small fractions of radiation 
(1.8 to 2.0 Gy each) are delivered over 39 to 45 treatment 
sessions. This form of radiation has been the historical 
standard for many different types of cancers, with the 
delivery of a low dose per day thought to optimize the 
balance between tumor cell death and normal tissue damage. 
As data began to mount that suggested that PCa may exhibit 
an enhanced sensitivity to higher dose per fraction (3),  
considerable research effort was focused on improving the 
therapeutic ratio and optimizing patient convenience by 
delivering a higher dose per day. Initially, this was explored 
in the context of moderately hypofractionated RT (MHF-
RT), in which the fractional dose of radiation ranged from 
2.4–3.4 Gy over 20 to 30 treatment sessions. Three large 

randomized clinical trials demonstrated that the efficacy and 
safety of MHF-RT was comparable to that of CF-RT (4-6).  
Though most superiority trials failed to show superiority 
in oncologic outcome—with one exception, the trial by 
Hoffman et al. (7)—MHF-RT became widely considered to 
be a standard approach for localized PCa by late 2018 (8). 

Ultra-hypofractionated radiotherapy (UF-RT) is 
a regimen that delivers doses of >5 Gy per fraction. 
Stereotactic body radiotherapy (SBRT, also known as 
stereotactic ablative radiotherapy) is a specific form of UF-
RT that utilizes sophisticated delivery methods to precisely 
deliver radiation in five or fewer treatment sessions. Given 
early efficacy and safety reports, in 2014 SBRT was first 
included in the NCCN guidelines as a potential option for 
patients with localized disease; however, with one caveat 
that “longer follow-up and prospective multi-institutional 
data are required to evaluate longer-term results” (9). The 
most recent 2020 NCCN guidelines indicates SBRT is 
now a standard of care option in the treatment of clinically 
localized PCa, reflecting the growing evidence in support of 
this modality over the intervening years.

One of the landmark clinical trials known as HYPO-RT-
PC was published in 2019 and compared 5-year failure-
free survival (FFS) in patients with intermediate- and high-
risk PCa who received either UF-RT or CF-RT. UF-
RT treated patients received 42.7 Gy in seven fractions of 
6.1 Gy over the span of 2.5 weeks, while CF-RT treated 
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patients received 79 Gy in 38 fractions of 2 Gy (10). This 
trial, which enrolled 1,200 men across 12 Swedish centers 
from 2005–2015, was originally designed to demonstrate 
a 10% absolute improvement in 5-year FFS from 70% to 
80% among men with intermediate- and high-risk disease. 
Ultimately, 89% of enrolled men with intermediate-risk 
disease had a higher FFS than anticipated at an interim 
analysis, prompting the trial to be amended to demonstrate 
the non-inferiority of UF-RT.

The HYPO-RT-PC trial had a median follow-up time of 
5 years and 5-year FFS rates of 84% in both groups, with an 
adjusted hazard ratio of 1.002 (P=0.99), confirming UF-RT 
oncologic non-inferiority. Acute patient-reported outcomes 
on Prostate Cancer Symptom Scale (PCSS) questionnaire 
revealed urinary and bowel scales with UF-RT were 
significantly worse at treatment completion and remained 
significantly worse three months after treatment. Late grade 
genitourinary (GU) and gastrointestinal (GI) toxicities 
were reported on the Radiation Therapy Oncology Group 
(RTOG) scale. The prevalence of late grade ≥2 GU toxicity 
at one year was significantly greater with UF-RT arm 
(6% vs. 2%, P=0.0037), and urinary PCSS scores were 
significantly worse. Nevertheless, in UF-RT and CF-RT 
treated patients, the 5-year cumulative incidence of grade ≥2 
GU toxicity (18% vs. 17%) and GI toxicity (10% vs. 10%) 
were similar. The 5-year cumulative incidence of grade ≥3 
GU and GI toxicities were low across both arms (4.2% vs. 
4.7% for GU and 1.7% vs. 1.9% for GI). Furthermore, 
erectile function worsened decreasing from 70% at baseline 
to 35% at 5 years in both arms.

Notably, the radiation planning technique used for the 
majority of the patients was three-dimensional conformal 
radiotherapy, rather than the safer and newer intensity 
modulated radiotherapy (IMRT) (11). Moreover, while 
90% of patients did have implanted fiducial markers to help 
mitigate the impact of prostate motion between fractions, 
the planning margins used were 7 mm isotropically; this 
would be considered large by contemporary standards 
(i.e., a large volume of tissue was exposed to radiation). 
Consequently, patients enrolled on the HYPO-RT-PC trial 
may have been subjected to higher absolute rates of toxicity 
than what would be expected with modern treatment 
planning and delivery. Thus, the difference in toxicity for 
patients receiving CF-RT and UF-RT remains unclear.

Overall, the HYPO-RT-PC trial then appears to be 
much more a test of the radiobiological premise underlying 
UF-RT, rather than a direct assessment of modern and 
more precise SBRT. The oncologic non-inferiority and 

the lack of clear differences in late toxicity suggest that 
these radiobiological considerations are in fact valid. 
Nevertheless, other studies will be required to evaluate 
whether differences in technical aspects of radiation 
planning and delivery will affect efficacy and toxicity in a 
fractionation-dependent manner.

The PACE-B trial is one such trial. This study enrolled 
874 men with low- or intermediate-risk PCa in the United 
Kingdom and Canada between 2012 and 2018 and directly 
compared modern SBRT with a CF-RT or MHF-RT 
control arms. The SBRT arm delivered 36.25 Gy either 
consecutively in five fractions of 7.25 Gy (20.7%) or over 
the span of ~2 weeks (79.3%), while the CF-RT control arm 
delivered 78 Gy in 39 fractions of 2 Gy each (31%) and the 
MHF-RT control arm delivered 62 Gy in 20 fractions of 
3.1 Gy each (69%).(12) The authors designed PACE-B to 
demonstrate the non-inferiority of SBRT (margin set at 6%) 
with respect to freedom from biochemical or clinical failure 
at five years.

In a pre-specified substudy, the authors evaluated acute 
physician-scored toxicity on the RTOG scale. This analysis 
aimed to exclude SBRT-treated patients who had a 10% 
increase from 25% and a 11% increase from 40% in RTOG 
grade ≥2 GI toxicity and GU toxicity, respectively. The 
results of this study revealed that the rates of worst RTOG 
grade ≥2 GI and GU toxicity typically occurred 4–6 weeks 
after treatment completion, and the rates did not differ 
significantly between the SBRT and control arms (9.3% vs. 
13.2% for GI and 20.2% vs. 26.8% for GU). By 12 weeks, 
similar rates of RTOG grade ≥2 GI and GU toxicities 
exceeding baseline had dropped in both SBRT and control 
arms (1.7% vs. 0.5% for GI and 5% vs. 3.8% for GU). In 
addition, no differences were identified between SBRT and 
control arms in Expanded Prostate Cancer Index Composite 
(EPIC) based evaluation of patient-reported toxicity (bowel, 
urinary, and sexual bother), or in the Common Terminology 
Criteria for Adverse Events (CTCAE) scale acute grade 
≥2 GU toxicity. However, SBRT-treated patients did 
experience significantly worse acute CTCAE grade ≥2 
GI toxicity (15.2% vs. 8%, P=0.011), exceeding baseline, 
though this difference disappeared by 12 weeks. The 
difference in acute GI toxicity appeared to have been driven 
by grade 2 diarrhea (6.5% vs. 1.4%) and proctitis (5.7% vs. 
2.5%) at the 4–6 weeks timepoint. Of note, the time from 
initiation of radiation to when CTCAE was reported was 
significantly different depending on the trail arm, whereas 
RTOG toxicity was assessed at every visit and may have 
more comprehensively captured toxicity patterns. 
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It is possible that the quantitative differences in acute 
grade ≥2 RTOG GU toxicity rates in PACE-B versus 
HYPO-RT-PC (20.8% vs. 28%) might relate to the fact 
that PACE-B required IMRT planning, whereas only 20% 
of patients in the HYPO-RT-PC had IMRT planning. 
However, even the acute toxicity rates from the PACE-B 
trial might be evaluated critically. Only 73% of patients 
on PACE-B had implanted fiducials for inter-fraction 
monitoring, and only 41.7% of patients on PACE-B had 
intra-fraction motion monitoring. While there is minimal 
high-level evidence suggesting that more rigorous motion 
management strategies are needed, it is conceivable 
that more sophisticated motion management strategies 
could allow smaller margins around the target, thereby 
reducing the amount of normal tissue receiving radiation. 
Furthermore, the increased toxicity seen with SBRT in the 
PACE-B trial could be attributed to daily fractionation; 
given that prior studies suggest that longer intervals 
between SBRT fractions diminish toxicity (13,14).

Both trials support SBRT as an excellent option for 
patients receiving radiotherapy for PCa. Longer-term 
results from the PACE-B will help confirm the oncologic 
non-inferiority of this approach, while two ongoing trials 
are designed to evaluate superiority of SBRT over moderate 
hypofractionation {NRG GU-005 [NCT03367702]} or 
surgery {PACE-A [NCT01584258]} from a quality-of-
life standpoint. Other technological advancements may 
further optimize quality-of-life following SBRT. One 
promising modality is magnetic resonance imaging (MRI)-
guided radiotherapy. MRI-based delivery platforms 
integrate a MRI scanner and linear accelerator allowing for 
superior quality and “real-time” imaging during treatment 
delivery, thereby achieving tighter treatment margins 
(15,16). Furthermore, data from one randomized trial has 
demonstrated that insertion of a hydrogel spacer between 
the rectum and prostate reduces the rectal dose toxicity and 
improves quality-of-life following radiotherapy (17), thus its 
use in the context of SBRT may lead to further reductions 
in toxicity. Finally, mounting evidence suggests that severity 
of adverse reactions to radiation might be influenced by 
variations in germline DNA (18,19). Preliminary data 
suggest that distinct germline variations may predispose 
patients to late toxicity after prostate-directed radiotherapy 
in a fractionation-dependent manner (20). Thus, biomarker 
panels may help identify patients who are more likely to 
experience significant toxicity after a particular regimen, 
thereby optimizing the choice of a fractionation regimen.

SBRT is a new and advanced modality that offers many 

benefits over conventional radiotherapy, with mounting 
evidence supporting its use for treating clinically localized 
PCa. Current research being conducted will help optimize 
SBRT to deliver personalized and targeted treatments. 
Ultimately, these results will guide major paradigm shifts in 
the way PCa is treated globally. 
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