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Abstract
Purpose: The aim of this guideline is to present recommendations regarding moderately hypo-
fractionated (240-340 cGy per fraction) and ultrahypofractionated (500 cGy or more per fraction)
radiation therapy for localized prostate cancer.
Methods and Materials: The American Society for Radiation Oncology convened a task force to
address 8 key questions on appropriate indications and dose-fractionation for moderately and
ultrahypofractionated radiation therapy, as well as technical issues, including normal tissue dose
constraints, treatment volumes, and use of image guided and intensity modulated radiation therapy.
Recommendations were based on a systematic literature review and created using a predefined
consensus-building methodology and Society-approved tools for grading evidence quality and
recommendation strength.
Results: Based on high-quality evidence, strong consensus was reached for offering moderate
hypofractionation across risk groups to patients choosing external beam radiation therapy. The task
force conditionally recommends ultrahypofractionated radiation may be offered for low- and
intermediate-risk prostate cancer but strongly encourages treatment of intermediate-risk patients on
a clinical trial or multi-institutional registry. For high-risk patients, the task force conditionally
recommends against routine use of ultrahypofractionated external beam radiation therapy. With
any hypofractionated approach, the task force strongly recommends image guided radiation therapy
and avoidance of nonmodulated 3-dimensional conformal techniques.
Conclusions: Hypofractionated radiation therapy provides important potential advantages in cost
and convenience for patients, and these recommendations are intended to provide guidance on
moderate hypofractionation and ultrahypofractionation for localized prostate cancer. The limits in
the current evidentiary basedespecially for ultrahypofractionationdhighlight the imperative to
support large-scale randomized clinical trials and underscore the importance of shared decision
making between clinicians and patients.
� 2018 American Society for Radiation Oncology. Published by Elsevier Inc. All rights reserved.
Introduction

External beam radiation therapy (EBRT) is a standard
definitive treatment for men with localized prostate can-
cer.1 The probability of cell survival after a dose of
ionizing radiation is governed by the linear-quadratic
model, in which curves of cell survival as a function of
dose have an initial linear component followed by a
steeper quadratic component. The relative weighting of
each component, and thus the sensitivity of the irradiated
http://guide.medlive.cn/
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tissue to fractionation, is characterized by the alpha-beta
ratio. The alpha-beta ratio of prostate adenocarcinoma is
considered low compared with most neoplasms,2 whereas
that of adjacent dose-limiting normal structures has been
estimated to be greater than that of prostate cancer.3,4 An
implication of this relationship is that hypofractionation,
daily delivery with fraction sizes >200 cGy, may improve
the therapeutic ratio of EBRT in localized prostate cancer.

In this guideline, hypofractionation is subdivided into
moderate hypofractionation (fraction size 240-340 cGy)
and ultrahypofractionation (fraction size �500 cGy).
These are pragmatic definitions reflecting 2 distinct ap-
proaches to hypofractionation that have emerged in clin-
ical practice. The fraction size gap created by these
definitions (ie, >340 cGy but <500 cGy) represents a
little-studied range that is outside of the scope of this
document. Conventional fractionation is defined as a
fraction size of 180 to 200 cGy.

These recommendations apply to men who require or
prefer treatment instead of active surveillance and who
have opted for EBRT instead of other treatment options.

This Executive Summary introduces the guideline and
its recommendations. See the full-text guideline in the
Supplementary Materials (available online at 10.1016/j.
prro.2018.08.002) for discussion of the evidence under-
pinning the recommendations.

This guideline is endorsed by the Society of Urologic
Oncology, the European Society for Radiotherapy &
Oncology (ESTRO), and the Royal Australian and New
Zealand College of Radiologists.

Methods and Materials

Process

The American Society for Radiation Oncology
(ASTRO), American Society of Clinical Oncology
(ASCO), and American Urological Association proposed
an evidence-based guideline on hypofractionated EBRT
in localized prostate cancer, which was approved by the
ASTRO Board of Directors in October 2016. A task force
of radiation oncologists, medical physicists, and urologic
surgeons/oncologists from academic settings, community
practice, and the Veterans Affairs system was recruited. A
radiation oncology resident and a patient representative
were also included.

Through conference calls and emails, the task force
and ASTRO staff refined the key questions (KQs),
completed the literature review, and formulated recom-
mendation statements and narratives. The draft was
reviewed by 6 expert reviewers (see the Acknowledg-
ments) and ASTRO legal counsel and was placed online
for public comment in October and November 2017. The
final guideline was approved by the 3 societies. The
ASTRO Guidelines Subcommittee will monitor this
guideline for updating because additional data have been
published and presented since the end of the literature
review, and an update in the near term is anticipated.
Literature review

The guideline was based on a systematic literature
review in MEDLINE PubMed of English-language
studies published between December 1, 2001 and
March 31, 2017. Both Medical Subject Headings terms
and text words were used, and hand searches supple-
mented the electronic searches. Included studies evaluated
men with localized prostate cancer receiving hypo-
fractionated EBRT to the prostate with or without the
seminal vesicles. Outcomes of interest were prostate
cancer control (biochemical and clinical recurrence-free
survival, disease-specific survival, and overall survival),
acute and late toxicity, and quality of life. Studies con-
cerning radiation to the pelvic lymph nodes were outside
the scope. For moderate hypofractionation, only ran-
domized controlled trials (RCTs) or meta-analyses of
RCTs were included. For ultrahypofractionation, RCTs,
meta-analyses, and prospective observational studies with
�50 patients were accepted. In total, 480 abstracts were
screened; 419 were eliminated, and 61 were included and
abstracted.

Abstracts from ASTRO, ASCO, ESTRO, and Euro-
pean Cancer Organisation meetings between January
2014 and January 2017 fulfilling the inclusion criteria
were also identified. They could be discussed in the
narrative but were not used to support recommendations.
Grading of evidence, recommendations, and
consensus methodology

Recommendation statements were developed using a
modified Grading of Recommendations Assessment,
Development, and Evaluation method5,6 and were based
on high-quality data supplemented by expert opinion
when necessary. Recommendations were classified as
strong or conditional. A strong recommendation indicates
the task force was confident the benefits of the interven-
tion clearly outweighed the harms, or vice versa, and “all
or almost all informed people would make the recom-
mended choice.” Conditional recommendations were
made when risks and benefits were even or uncertain and
“most informed people would choose the recommended
course of action, but a substantial number would not,”
suggesting a strong role for shared decision-making.5 The
quality of evidence underlying each recommendation was
categorized as follows:

� “High: We are very confident that the true effect lies
close to that of the estimate of the effect,
http://guide.medlive.cn/
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� Moderate: We are moderately confident in the effect
estimate: The true effect is likely to be close to the
estimate of the effect, but there is a possibility that it
is substantially different,

� Low: Our confidence in the effect estimate is
limited: The true effect may be substantially
different from the estimate of the effect,

� Very Low: We have very little confidence in the
effect estimate: The true effect is likely to be sub-
stantially different from the estimate.”6

Task force consensus on the recommendations was
evaluated through a modified Delphi approach adapted from
the ASCO process.7 In an online survey, task force members
rated their agreement with each recommendation on a 5-
point Likert scale, ranging from strongly disagree to
strongly agree. A prespecified threshold of �75% of raters
selecting “agree” or “strongly agree” indicated consensus. If
a recommendation did not meet this threshold, it was edited
and resurveyed. Recommendations that achieved consensus
that were modified after the first round were also resurveyed.

Results

KQ 1: In patients with localized prostate cancer who
are candidates for EBRT, how does moderately
hypofractionated EBRT (240-340 cGy per fraction)
compare to conventionally fractionated EBRT (180-
200 cGy per fraction) in terms of prostate cancer
control, toxicity, and quality of life, based on

� Prostate cancer risk stratification group?
� Patient age, comorbidity, anatomy (eg, prostate
gland volume), and baseline urinary function?
Prostate cancer control outcomes: Impact of risk
stratification group

Statement KQ1A: In men with low-risk prostate

cancer who decline active surveillance and receive
EBRT to the prostate with or without radiation to the
seminal vesicles, moderate hypofractionation should
be offered.

� Recommendation strength: Strong
� Quality of evidence: High
� Consensus: 100%

Statement KQ1B: In men with intermediate-risk
prostate cancer receiving EBRT to the prostate
with or without radiation to the seminal vesicles,
moderate hypofractionation should be offered.
� Recommendation strength: Strong
� Quality of evidence: High
� Consensus: 100%
Statement KQ1C: In men with high-risk prostate
cancer receiving EBRT to the prostate, but not
including pelvic lymph nodes, moderate hypo-
fractionation should be offered.
� Recommendation strength: Strong
� Quality of evidence: High
� Consensus: 94%
Four large, prospective, RCTs with over 6000 patients,
as well as additional single-institution randomized trials,
demonstrate that EBRT to the prostate using moderate
hypofractionation provides prostate cancer control similar
to that of EBRT delivered using conventional
fractionation.

Prostate cancer control outcomes: Impact of
patient age, comorbidity, anatomy, and urinary
function

Statement KQ1D: In patients who are candidates

for EBRT, moderate hypofractionation should be
offered regardless of patient age, comorbidity,
anatomy, or urinary function. However, physicians
should discuss the limited follow-up beyond 5 years
for most existing RCTs evaluating moderate
hypofractionation.

� Recommendation strength: Strong
� Quality of evidence: High
� Consensus: 94%
Toxicity and quality of life

Statement KQ1E: Men should be counseled

about the small increased risk of acute gastroin-
testinal (GI) toxicity with moderate hypofractio-
nation. Moderately hypofractionated EBRT has a
similar risk of acute and late genitourinary and
late GI toxicity compared with conventionally
fractionated EBRT. However, physicians should
discuss the limited follow-up beyond 5 years
for most existing RCTs evaluating moderate
hypofractionation.

� Recommendation strength: Strong
� Quality of evidence: High
� Consensus: 100%

KQ 2: In patients with localized prostate cancer who
are candidates for EBRT, how do moderately hypo-
fractionated EBRT regimens used in clinical trials
compare in terms of prostate cancer control, toxicity,
and quality of life, and can particular regimens be
recommended based on prostate cancer risk stratifi-
cation group, age, comorbidity, anatomy (eg, prostate
gland volume), and baseline urinary function?
http://guide.medlive.cn/
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Statement KQ2A: Regimens of 6000 cGy delivered
in 20 fractions of 300 cGy and 7000 cGy delivered
in 28 fractions of 250 cGy are suggested since they
are supported by the largest evidentiary base. One
optimal regimen cannot be determined because most
of the multiple fractionation schemes evaluated in
clinical trials have not been compared head to head.
� Recommendation strength: Conditional
� Quality of evidence: Moderate
� Consensus: 100%
Statement KQ2B: One moderately hypofractio-
nated regimen is not suggested over another for
cancer control for specific risk groups, and the ef-
ficacy of moderately hypofractionated EBRT regi-
mens does not appear to be affected by patient age,
comorbidity, anatomy, or urinary function.
� Recommendation strength: Conditional
� Quality of evidence: Moderate
� Consensus: 100%
Multiple moderately hypofractionated regimens have
been evaluated in RCTs, including 6000 cGy in 20 frac-
tions of 300 cGy and 7000 cGy in 28 fractions of 250
cGy. Significant differences in the populations enrolled in
the trials, endpoint definitions, and use of concomitant
androgen deprivation therapy preclude across-trial com-
parisons of the efficacy of the various regimens.

KQ 3: In patients with localized prostate cancer who
are candidates for EBRT, how does ultra-
hypofractionated EBRT (‡500 cGy per fraction)
compare to conventionally fractionated EBRT (180-
200 cGy per fraction) in terms of prostate cancer
control, toxicity, and quality of life?

Statement KQ3A: In men with low-risk prostate

cancer who decline active surveillance and choose
active treatment with EBRT, ultrahypofractionation
may be offered as an alternative to conventional
fractionation.

� Strength of recommendation: Conditional
� Quality of evidence: Moderate
� Consensus: 88%

Statement KQ3B: In men with intermediate-risk
prostate cancer receiving EBRT, ultra-
hypofractionation may be offered as an alternative to
conventional fractionation. The task force strongly
encourages that these patients be treated as part of a
clinical trial or multi-institutional registry.
� Strength of recommendation: Conditional
� Quality of evidence: Low
� Consensus: 94%
Statement KQ3C: In men with high-risk prostate
cancer receiving EBRT, the task force does not
suggest offering ultrahypofractionation outside of a
clinical trial or multi-institutional registry due to
insufficient comparative evidence.
� Strength of recommendation: Conditional
� Quality of evidence: Low
� Consensus: 94%
Several prospective, nonrandomized studies have
documented the safe delivery of ultrahypofractionation
for patients with localized prostate cancer. No prospective
studies comparing ultrahypofractionated and convention-
ally fractionated EBRT in intermediate- and high-risk
prostate cancer with published efficacy data were
identified.

KQ 4: In patients with localized prostate cancer who
are candidates for EBRT, how do ultra-
hypofractionated EBRT regimens used in clinical trials
compare in terms of prostate cancer control, toxicity,
and quality of life?

Statement KQ4A: Ultrahypofractionated prostate

EBRT of 3500 to 3625 cGy in 5 fractions of 700 to
725 cGy to the planning target volume may be
offered to low- and intermediate-risk patients with
prostate sizes less than 100 cm3. The key dose
constraints in KQ5B should be followed.

� Strength of recommendation: Conditional
� Quality of evidence: Moderate
� Consensus: 88%

Statement KQ4B: Five-fraction prostate ultra-
hypofractionation at doses above 3625 cGy to the
planning target volume is not suggested outside the
setting of a clinical trial or multi-institutional reg-
istry due to risk of late toxicity.
� Strength of recommendation: Conditional
� Quality of evidence: Moderate
� Consensus: 100%
Statement KQ4C: Five-fraction prostate ultra-
hypofractionation using consecutive daily treat-
ments is not suggested due to potential increased
risk of late urinary and rectal toxicity.
� Strength of recommendation: Conditional
� Quality of evidence: Very low
� Consensus: 100%
The evidentiary base is largest for regimens of 3500
cGy in 5 fractions of 700 cGy or 3625 cGy in 5 fractions of
725 cGy, and these regimens have been shown to be well
tolerated with acceptable rates of biochemical control.
http://guide.medlive.cn/
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KQ 5: In patients with localized prostate cancer who
are receiving moderately hypofractionated or ultra-
hypofractionated EBRT, how do normal tissue con-
straints used in clinical trials compare in terms of
toxicity and quality of life?

Statement KQ5A: At least 2 dose-volume

constraint points for rectum and bladder should be
used for moderately or ultrahypofractionated EBRT:
one at the high-dose end (near the total dose pre-
scribed) and one in the mid-dose range (near the
midpoint of the total dose).

� Strength of recommendation: Strong
� Quality of evidence: Moderate
� Consensus: 100%

Statement KQ5B: Use of normal tissue constraints
for moderately or ultrahypofractionated EBRT that
differ from those of a published reference study is
not recommended due to the risk of both acute and
late toxicity.
� Strength of recommendation: Strong
� Quality of evidence: Low
� Consensus: 100%
KQ 6: In patients with localized prostate cancer who
are receiving moderately hypofractionated or ultra-
hypofractionated EBRT, how do treatment volumes
used in clinical trials compare in terms of prostate
cancer control and toxicity?

Statement KQ6A: Use of target volume and asso-

ciated margin definitions for hypofractionated
EBRT that deviate from those of a published refer-
ence study is not recommended, especially for
ultrahypofractionated regimens.

� Strength of recommendation: Strong
� Quality of evidence: Low
� Consensus: 100%
Given substantial variation in target volume and

margin definitions among reports of moderately hypo-
fractionated or ultrahypofractionated EBRT, data are
lacking to compare their impact on prostate cancer control
and toxicity.

KQ 7: In patients with localized prostate cancer who
are receiving moderately hypofractionated or ultra-
hypofractionated EBRT, how does treatment using
image guided radiation therapy (IGRT) compare to
treatment not using IGRT in terms of prostate cancer
control, toxicity, and quality of life?

Statement KQ7A: IGRT is universally recom-

mended when delivering moderately or ultra-
hypofractionated EBRT.
� Strength of recommendation: Strong
� Quality of evidence: Moderate
� Consensus: 100%
The vast majority of moderately hypofractionated and
ultrahypofractionated EBRT reports have used IGRT, and
it is considered central to the safe and effective delivery of
hypofractionated regimens.

KQ 8: In patients with localized prostate cancer who are
receiving moderately hypofractionated or ultra-
hypofractionated EBRT, how does treatment using
IMRT compare to treatment with 3-dimensional
conformal radiation therapy (3-D CRT) in terms of
prostate cancer control, toxicity, and quality of life?

Statement KQ8A: Nonmodulated 3-D CRT tech-

niques are not recommended when delivering
moderately fractionated or ultrahypofractionated
prostate EBRT.

� Strength of recommendation: Strong
� Quality of evidence: Moderate
� Consensus: 100%
Conclusion

This evidence-based guideline was developed to
make recommendations on moderately and ultra-
hypofractionated EBRT for localized prostate cancer.
Several large-scale RCTs demonstrate that moderate
hypofractionation confers prostate cancer control out-
comes and rates of late toxicity similar to those of con-
ventional fractionation. Moderate hypofractionation holds
important potential advantages for patient convenience
and resource utilization. Based on this high-quality evi-
dence, task force consensus was reached that moderately
hypofractionated radiation therapy should be offered to
patients who choose EBRT for treatment of prostate
cancer. Although there is limited follow-up beyond 5
years in completed trials, the task force nonetheless
concluded that the existing evidentiary base is sufficiently
robust to justify routine use of moderate hypofractiona-
tion. Future updates to this guideline will discuss longer-
term results from completed trials of moderate
hypofractionation.

The task force reached a weaker consensus for ultra-
hypofractionated radiation therapy. To date, the eviden-
tiary base consists largely of prospective, single-arm trials
in low-risk and, to a lesser extent, intermediate-risk
localized disease and with limited follow-up. No pub-
lished efficacy data from RCTs are currently available.
The recommendation for ultrahypofractionation in low-
risk localized prostate cancer was graded as conditional,
reflecting only moderate-quality evidence and the
http://guide.medlive.cn/
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remaining uncertainty in the balance between benefit and
risk for this treatment strategy. The recommendation for
ultrahypofractionated EBRT in intermediate-risk prostate
cancer is also graded as conditional. However, because
the evidentiary base is weaker than that in low-risk dis-
ease, support of clinical trials and multi-institutional
registries in this population is strongly encouraged. The
task force conditionally recommended against the routine
use of ultrahypofractionated radiation in high-risk local-
ized prostate cancer and escalation in dose beyond 3625
cGy with 5-fraction regimens outside of clinical trials.

When either moderately or ultrahypofractionated
EBRT is undertaken, meticulous attention to the technical
aspects of treatment planning and delivery are important,
and the task force strongly recommends use of IGRT and
avoidance of nonmodulated 3-D CRT techniques. The
task force advocates the general principle that to confi-
dently replicate the results of a published reference study,
the approach used in that study should be followed to the
extent possible.

The conditional recommendations regarding ultra-
hypofractionation underscore the importance of shared
decision-making between clinicians and patients in this
setting. The decision to use ultrahypofractionated radia-
tion therapy should follow a detailed discussion of the
uncertainties in the risk-benefit balance for this treatment
approach and should be informed at all stages by the
patient’s values and preferences.

Acknowledgments

The authors thank the expert reviewers: Brett Cox,
MD, David Dearnaley, MA, MB, BCh, MD(Camb), Scott
Eggener, MD, Himanshu Lukka, MD, Michael Zelefsky,
MD, and Anthony Zietman, MD. They also acknowledge
Sokny Lim, MPH, Margaret Amankwa-Sakyi, MPH, and
Shushan Rana, MD, for literature review assistance.

American Society for Radiation Oncology (ASTRO)
guidelines present scientific, health, and safety informa-
tion and may reflect scientific or medical opinion. They
are available to ASTRO members and the public for
educational and informational purposes only. Commercial
use of any content in this guideline without the prior
written consent of ASTRO is strictly prohibited. Adher-
ence to this guideline will not ensure successful treatment
in every situation. This guideline should not be deemed
inclusive of all proper methods of care or exclusive of
other methods reasonably directed to obtaining the same
results. The physician must make the ultimate judgment
regarding any specific therapy in light of all circum-
stances presented by the patient. ASTRO assumes no li-
ability for the information, conclusions, and findings
contained in its guidelines. This guideline cannot be
assumed to apply to the use of these interventions per-
formed in the context of clinical trials. This guideline was
prepared on the basis of information available at the time
the panel was conducting its research and discussions on
this topic. There may be new developments that are not
reflected in this guideline and that may, over time, be a
basis for ASTRO to revisit and update the guideline.
Supplementary Materials

The full guideline is included as supplementary ma-
terial (available online at https://doi.org/10.1016/j.prro.2
018.08.002).
References

1. Hamdy FC, Donovan JL, Lane JA, et al. 10-year outcomes after
monitoring, surgery, or radiotherapy for localized prostate cancer. N
Engl J Med. 2016;375:1415-1424.

2. Miralbell R, Roberts SA, Zubizarreta E, Hendry JH. Dose-fraction-
ation sensitivity of prostate cancer deduced from radiotherapy out-
comes of 5,969 patients in seven international institutional datasets:
Alpha/beta Z 1.4 (0.9-2.2) Gy. Int J Radiat Oncol Biol Phys. 2012;
82:e17-e24.

3. Brenner DJ. Fractionation and late rectal toxicity. Int J Radiat Oncol
Biol Phys. 2004;60:1013-1015.

4. Tucker SL, Thames HD, Michalski JM, et al. Estimation of alpha/beta
for late rectal toxicity based on RTOG 94-06. Int J Radiat Oncol Biol
Phys. 2011;81:600-605.

5. Andrews J, Guyatt G, Oxman AD, et al. GRADE guidelines: 14.
Going from evidence to recommendations: The significance and
presentation of recommendations. J Clin Epidemiol. 2013;66:719-
725.

6. Balshem H, Helfand M, Schunemann HJ, et al. GRADE guidelines:
3. Rating the quality of evidence. J Clin Epidemiol. 2011;64:401-406.

7. Loblaw DA, Prestrud AA, Somerfield MR, et al. American Society of
Clinical Oncology Clinical Practice Guidelines: Formal systematic
review-based consensus methodology. J Clin Oncol. 2012;30:3136-
3140.
http://guide.medlive.cn/

https://doi.org/10.1016/j.prro.2018.08.002
https://doi.org/10.1016/j.prro.2018.08.002
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref1
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref1
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref1
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref2
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref2
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref2
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref2
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref2
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref3
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref3
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref4
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref4
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref4
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref5
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref5
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref5
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref5
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref6
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref6
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref7
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref7
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref7
http://refhub.elsevier.com/S1879-8500(18)30247-9/sref7
http://guide.medlive.cn/
http://guide.medlive.cn/

	Hypofractionated Radiation Therapy for Localized Prostate Cancer: Executive Summary of an ASTRO, ASCO, and AUA Evidence-Bas ...
	Introduction
	Methods and Materials
	Process
	Literature review
	Grading of evidence, recommendations, and consensus methodology

	Results
	Prostate cancer control outcomes: Impact of risk stratification group
	Prostate cancer control outcomes: Impact of patient age, comorbidity, anatomy, and urinary function
	Toxicity and quality of life

	Conclusion
	Acknowledgments
	Supplementary Materials
	References


