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Abstract

We review radiation therapy (RT) options available for prostate cancer, including external beam
(EBRT; with conventional fractionation, hypofractionation, stereotactic body RT [SBRT]) and
brachytherapy (BT), with an emphasis on the outcomes, toxicities, and contraindications for
therapies. PICOS/PRISMA methods were used to identify published English-language
comparative studies on PubMed (from 1980 to 2015) that included men treated on prospective
studies with a primary endpoint of patient outcomes, with = 70 patients, and = 5 year median
follow up. Twenty six studies met inclusion criteria; of these, 16 used EBRT, and 10 used BT.
Long-term freedom from biochemical failure (FFBF) rates were roughly equivalent between
conventional and hypofractionated RT with intensity modulation (evidence level 1B), with 10-year
FFBF rates of 45-90%, 40-60%, and 20-50% (for low-, intermediate-, and high-risk groups,
respectively). SBRT had promising rates of BF, with shorter follow-up (5-year FFBF of >90% for
low-risk patients). Similarly, BT (5-year FFBF for low-, intermediate-, and high- risk patients have
generally been >85%, 69-97%, 63-80%, respectively) and BT + EBRT were appropriate in select
patients (evidence level 1B). Differences in overall survival, distant metastasis, and cancer specific
mortality (5-year rates: 82-97%, 1-14%, 0-8%, respectively) have not been detected in
randomized trials of dose escalation or in studies comparing RT modalities. Studies did not use
patient-reported outcomes, through grade 3—4 toxicities were rare (<5%) among all modalities.
There was limited evidence available to compare proton therapy to other modalities. The treatment
decision for a man is usually based on his risk group, ability to tolerate the procedure, convenience
for the patient, and the anticipated impact on quality of life. To further personalize therapy, future
trials should report (1) race; (2) medical comorbidities; (3) psychiatric comorbidities; (4)
insurance status; (5) education status; (6) marital status; (7) income; (8) sexual orientation; and (9)
facility-related characteristics.
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INTRODUCTION

Prostate cancer is the most prevalent cancer diagnosed in men in the United States, aside
from skin cancer.! Treatment options for non-metastatic prostate cancer typically include
active surveillance (AS), radical prostatectomy (RP) and radiation therapy (RT).2 Within RT,
treatment options include (1) external beam radiation therapy (RT), which may be
conventionally fractionated (CFRT) with intensity modulated radiation therapy (IMRT) or
protons, hypofractionated RT (HFRT) with IMRT or protons, or delivered as stereotactic
body RT (SBRT); and (2) brachytherapy (BT), either high dose rate (HDR-BT) or low dose
rate (LDR-BT). For reference, we define the various forms of RT in the Glossary. Although
there are many standard treatment options for prostate cancer, randomized clinical trials
(RCTs) to define the optimal therapy for patients with localized or locally advanced disease
are limited.3

In modern medicine, it is crucial for primary care physicians and specialists (including
oncologists) to work together to provide consistent, accurate information to patients
regarding treatment options for prostate cancer. The goal of this systematic review article is
to provide an understanding of the evolving definitive RT options available for prostate
cancer by (1) comparing RT fractionation regimens (including external beam RT and
brachytherapy) and applicability to risk groups; (2) comparing and contrasting outcomes,
toxicities, and contraindications of the approaches; and (3) discussing future implications of
these approaches and how they integrate into active surveillance. For the purposes of this
review article, we do not include outcomes data on other treatments for localized prostate
cancer, including RP, post-RP RT (e.g. in the adjuvant or salvage setting), or high intensity
focused ultrasound. Since the choice of a patient for RT instead of RP is sometimes due to
presence of comorbidities or age, we briefly juxtapose the appropriateness,
contraindications, and toxicities of adjuvant/salvage RT.
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METHODS

Key Questions:

We focused on three key questions:

1. What is the effectiveness of various forms of RT (e.g. conventionally fractionated
RT + IMRT, hypofractionated RT + IMRT, SBRT, LDR-BT, HDR-BT), in terms
of prostate cancer control outcomes, for clinically localized prostate cancer?

2. What is the effectiveness of various forms of RT (e.g. conventionally fractionated
RT + IMRT, hypofractionated RT + IMRT, SBRT, LDR-BT, HDR-BT), in terms
of toxicities, for clinically localized prostate cancer?

3. Based on the outcomes and toxicities, what should practitioners consider when
discussing a particular type of RT with prostate cancer patients?

Data Sources and Searches

Three researchers searched the published English medical literature from 1980 through 2015
in MEDLINE and PubMed for full-text manuscripts (excluding abstracts) using the terms
“prostate cancer,” and “radiation therapy,” along with any of the following: “external beam
radiation therapy,” “hypofractionated radiation therapy,” “proton beam,” “stereotactic body
radiation therapy,” “high dose rate brachytherapy,” and “low dose rate brachytherapy.”
Terms were in titles or MeSH headings. The initial search resulted in 1,558 articles.

Study Selection

We defined inclusion criteria for the literature search using the Population, Intervention,
Control, Outcome, Study (PICOS) design approach (Table 1). We conducted a systematic
search using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) literature selection process (Figure 1).# Three authors searched reference lists of
identified papers to supplement the literature search.

Patient populations of interest—We included studies of men with organ-confined (T1-
T2, NO-Nx, MO0) and locally advanced (T3-T4, NO-Nx, MO) prostate cancer, regardless of
age, histologic grade, or PSA level. T-stage alone is a poor prognosticator, and >90% of
patients are T1c and T2; thus, risk groups were defined by NCCN classification, the
preferred prognostication system.®

We omitted studies comparing RT to RP and studies evaluating adjuvant and salvage RT
post-RP for several reasons. First, our goal was to compare RT fractionation regimens,
source types (i.e. external beam vs. brachytherapy), techniques (i.e. conformal vs. intensity
modulation), and particle (i.e. photon vs. proton). Second, there is limited data comparing
contemporary forms of RP (e.g. robotic, laparoscopic approaches) to contemporary forms of
RT (i.e. RP vs. IMRT, RP vs. SBRT, RP vs. HDR-BT), particularly with controlling for the
use of androgen deprivation therapy (ADT). Third, for patients with obstructive symptoms
(either from tumor bulk or urinary comorbidities), initial therapy with RP (with or without
adjuvant/salvage RT) may be most appropriate, and this should be considered for individual
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cases. Fourth, recommendations regarding adjuvant and salvage RT after RP have been
published.8

Intervention and Control—The intervention was BT or external beam RT as definitive
therapy. An included study may have multiple arms that contains the intervention vs. another
form of RT (e.g. external beam RT vs. BT); or it may be a single-arm study of external beam
RT or BT focusing on dose escalation. We organize studies for our discussion based on the
type of RT employed, including (1) various forms of external beam RT: conventionally
fractionated RT either with 3D-conformal radiation therapy (3D-CRT) or intensity
modulated radiation therapy (IMRT),”~14 hypofractionated RT,15-19 SBRT,20-23 particle
therapy (specifically, protons); and (2) BT: LDR-BT or HDR-BT, either as monotherapy or
in combination with external beam RT24-34 (i.e. “BT boost”). Ongoing clinical trials by the
Radiation Therapy Oncology Group (RTOG / NRG) that specify contraindications to
therapy and address unanswered questions were identified.35-37

Outcomes of interest—The primary outcome measure was freedom from biochemical
failure (FFBF) using the Phoenix definition (i.e. nadir + 2 ng/mL) because all major RCTs
of RT for prostate cancer have historically used this endpoint rather than survival. If this was
unavailable, then the ASTRO definition (i.e. 3 consecutive PSA rises) could be used,
provided that the study had at least 5 years of follow-up. Secondary outcomes including
overall survival (OS), distant metastasis (DM), prostate cancer specific mortality (PCSM)
were analyzed when available. To assess toxicity, we used RTOG late genitourinary (GU)
and RTOG late gastrointestinal (Gl) scores (defined in Table 1). Socioeconomic
characteristics and medical comorbidities are rarely reported among trials and thus could not
be uniformly reviewed.

ADT was used for certain intermediate and high-risk patients. ADT may affect FFBF, DM,
and OS; although the use of ADT was controlled for among RCTs included in this review,
we could not control for it in the current systematic review because we are not analyzing
individual patient data. Recommendations regarding ADT (in the context of RCTs that are
included in this review) are provided.36-39

Study design—The search criteria were prospective design (e.g. phase 11/111), minimum
60 month median and actuarial follow-up, and a sample size of > 70 patients. Retrospective
studies were excluded so that we may compare the highest level evidence for each modality.

Data Extraction and Quality Assessment

We abstracted data on the number of patients, trial start/stop dates, study type (e.g. phase I1/
[11), arms, number of patients, total RT dose, RT dose per fraction (of external beam RT or
BT), median follow-up, actuarial follow-up, FFBF, OS, DM, PCSM, and late RTOG
toxicities. Only one study used survival as the primary endpoint (RTOG 0126); all others
used FFBF as the primary outcome measure. Other clinical endpoints (metastasis, cause-
specific mortality) were not included since they are seldom reported. When comparing the
endpoints across various RT techniques and fractionation schemes, the Centre of Evidence-
Based Medicine levels were used (Supplementary Table 1). The strength of the overall body
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of evidence was rated by the entire group of reviewers, and disagreements were resolved by
consensus.

Data Synthesis and Analysis

Subtypes of RT were compared. The level of evidence for each study was evaluated using
the Center for Evidence-Based Medicine and recommendations from the NCCN
(Supplementary Tables 1-3). Contraindications for RT were obtained from individual
protocol eligibility criteria (when available), ongoing studies by the RTOG,3%-37 and
consensus statements.40-43

RESULTS

Studies were organized into two tables. Supplementary Table 2 lists those of external beam
RT dose escalation with conventionally fractionated RT,”14 those of hypofractionated RT
vs. conventionally fractionated RT,15-19 and those of SBRT.20-23 Supplementary Table 4
lists studies of BT.24-34 Comparisons, based on levels of evidence (from Supplementary
Table 1), were used to compare outcomes and toxicities for the various forms of RT (Table
2). Additionally, the following factors were summarized: applicability of each treatment
modality for among the risk groups (Table 3); contraindications of each RT modality, based
on guidelines and clinical trials (Table 4); and early and late toxicities of RT modalities
(Table 5).

Key questions 1 and 2: outcomes and toxicities

EBRT—AImost all external beam RT RCTs have used FBFF as the primary outcome
measure, with OS, DM, and CSM as secondary endpoints. In general, these external beam
RT studies have shown an improvement in FFBF with higher biologically equivalent doses,
evidence level 1B, with 5-year FFBF rates of >90%, 60-85%, and 50-70% (for low-,
intermediate-, and high-risk groups, respectively) among modern trials. However, they have
not shown inter-arm improvements in 5-year OS (82-97%), DM (1-14%), or CSM (0-8%)),
evidence level 1B. RTOG late grade 3—4 toxicities have been <5% on the studies, and the
incidence of toxicity has depended largely on the use of IMRT (instead of 3D-CRT),
evidence level 1B.44-46

Based on evidence level 1B, dose-escalated conventionally fractionated RT with IMRT
appears to have similar outcomes at toxicities to hypofractionated RT with IMRT, with 5-
year FFBF rates of >90%, 60-85%, and 50-70% (for low-, intermediate-, and high-risk
groups, respectively); and 10-year FFBF rates of 45-90%, 40-60%, and 20-50% (for low-,
intermediate-, and high-risk groups, respectively). SBRT had promising rates of BF, with
shorter follow-up (5-year FFBF of >85% for low-risk patients). To date, no prospective
studies have evaluated external beam RT vs. LDR-BT, or external beam RT vs. HDR-BT. No
prospective studies of proton therapy for prostate cancer have been published, though one of
the conventionally fractionated RT escalation studies did allow use of a proton boost.® A
randomized control trial of protons vs. conventionally fractionated RT with IMRT is
currently ongoing;*3 and RTOG/NRG 0938 allowed for treatment with protons
(Supplementary Table 3).3°
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LDR-BT—There have been no prospective RCTs comparing LDR-BT to external beam RT
or LDR-BT to HDR-BT (Supplementary Table 4). Several single-arm prospective studies
have been published. RTOG/NRG 980531 was a multi-institutional phase 1 trial of LDR-BT.
A total of 27 institutions accrued a total of 101 patients to this protocol. With a median
follow-up of 5.3 years 5 patients had local failure, 1 had evidence of distant failure, and 6
had biochemical failures. These rates are comparable to other studies on BT and external
beam RT. CALGB 99809, which evaluated LDR-BT boost with ADT, reported a 5-year
FFBF of 85%.30 No study of LDR-BT has reported inter-arm differences in OS, DM, or
CSM. The outcomes appear similar to those of patients treated with external beam RT,
which had 5-year OS 82-97%, DM 1-14%, and CSM 0-8%.

HDR-BT—Results of efficacy and toxicity from two studies using HDR-BT as
monotherapy are listed in Supplementary Table 4.24-29. 32-34 Five-year rates of FFBF for
low-, intermediate-, and high- risk patients have generally been >85%, 69-97%, 63-80%,
respectively. Five year rates of CSM, OS, local recurrence, and DM have been 99-100%,
85-100%, 0-8%, and 2-12%, respectively. A single study comparing HDR-BT boost vs.
external beam RT reported improved FFBF with HDR-BT boost (10-year FFBF rates: 60%
vs. 100% for low risk patients; 62% vs. 89% for intermediate-risk patients; 70% vs. 80% for
high-risk patients),2® evidence level IB. Late grade 3-4 RTOG GU toxicities have been
reported at 0-8%; Gl toxicities, 0-3%. No study of HDR-BT has reported differences in OS,
DM, or CSM.

Key Question 3

The NCCN?Z provides RT options for low-, intermediate-, and high-risk groups. The various
RT options from Key questions 1 and 2, as applicable to NCCN risk groups, are listed in
Table 3, with the supporting categories of evidence from the NCCN (Supplementary Table
2). Notably, active surveillance is an acceptable treatment option for low-risk patients.
Evidence suggests that conventionally fractionated RT with IMRT or hypofractionated RT
with IMRT may be used for all risk groups, and rates of FFBF, OS, DM, and PCSM are
roughly similar between the regimens. SBRT use is recommended on protocol. Similarly,
BT monotherapy is an acceptable treatment option for select low- and intermediate-risk
patients. FFBF rates among SBRT studies appear promising. For high risk patients, BT
boost may have improved FFBF rates vs. conventionally fractionated RT alone (evidence
level 1B). Additionally, ADT may be used with external beam RT or BT, in certain
intermediate- and high-risk patients (also listed in Table 3).2 3839

The contraindications to RT from the American College of Radiology and American
Brachytherapy Society are listed in Table 4.40-42 There are no significant differences in late
toxicities among the prospective studies that compare RT modalities for efficacy (e.g.
conventionally fractionated RT vs. hypofractionated RT; evidence level 1b to 2);
nonetheless, each RT modality has unique indications for the NCCN subgroups,
contraindications, and unique toxicity profiles (Table 5).
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DISCUSSION

In this analysis, we compared contemporary outcomes of various forms of RT for clinically
localized prostate cancer. In terms of outcomes (Key Question/Answer 1; Table 2), long-
term FFBF rates are roughly equivalent between conventionally fractionated RT and
hypofractionated RT with IMRT (evidence level 1B) among all NCCN risk groups.
Similarly, BT monotherapy is an acceptable treatment option for select low- and
intermediate-risk patients. FFBF rates among SBRT studies appear promising. For certain
intermediate- and high-risk patients, BT boost may have improved FFBF rates vs.
conventionally fractionated RT with IMRT alone (evidence level 1B). No study testing
definitive RT has reported differences in OS, DM, or PCSM (evidence level 1B), which is
not attributable to ADT. In terms of toxicities (Key Question/Answer 2; Table 2), IMRT (as
used with conventionally fractionated RT and hypofractionated RT) is associated with
decreased toxicity compared to 3D-CRT (evidence level 1B to 2). Late GU and Gl toxicities
are otherwise similar between conventionally fractionated RT and hypofractionated RT
(evidence level 1B). Many other modalities have not been tested in prospective RCTSs to
compare long-term toxicities, though grade 3—4 toxicities were rare (<5%). Thus, the
treatment decision for a man is usually based on his risk group (Table 3), ability to tolerate
the procedure (Table 4), anticipated impact on quality of life (Table 5), and convenience for
the patient (Key Question/Answer 3).

The differences among modalities are small; thus, the treatments may not be adequately
different to influence patient decisions. However, the amount of available evidence differs,
and patients/providers may feel more comfortable about higher weight/quality of evidence.
Finally, there might be some suggestion based on recent trials that elderly patients or those
with baseline high urinary symptoms might fare worse with moderate hypofractionation than
conventional fractionation. Sometimes, the relative merit of IMPRT lies simply in its
existence as a choice rather than LDR-BT (due to relative contraindications) or RP (due to
comorbidities/age).

Similarly, certain modalities have absolute contraindications (detailed in Table 5).35: 40, 41
For example, the presence of ataxia telangiectasia or preexisting rectal fistula are absolute
contraindications to any type of RT. Additionally, BT typically has more contraindications
(vs. conventional fractionation or hypofractionation), including absence of a rectum such
that transrectal ultrasound guidance could not be performed, large gland size (a relative
contraindication if > 60 cm?3),47 pubic arch interference, large transurethral removal of
prostate defect, and a low peak flow rate (< 10 cc/s and post void residual volume prior to
BT > 100 cc). Additionally, the patient must be able to tolerate anesthesia, since multiple
fractions (typically 2—6) are necessary; further, for LDR-BT, another dosimetric analysis
should be performed 3 weeks after therapy,8 an inconvenience when considering 5 fractions
of SBRT. However, SBRT also has more contraindications than conventional RT, and
patients with certain contraindication (e.g. inflammatory bowel disease, large transurethral
removal of prostate defect) are excluded on clinical trials.3¢

There are three important caveats to consider about the interpretation of RT modalities: PSA
kinetics (applicable to Key Question 1); development of technology in prostate cancer RT
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(applicable to Key Question 2); and unknown factors about patients from the prospective
data (applicable to Key Question 3). Clinicians should be aware of these when discussing
outcomes, toxicities, and patient eligibility.

Key Question 1: PSA kinetics

With respect to Key question 1, there are no RT studies that use OS, DM, or PCSM as a
primary endpoint in the localized setting; rather FFBF is used as a surrogate endpoint
because there is a relatively long natural history of prostate cancer, with a long delay
between BF, DM, and CSM.49: 50 The 5-year FFBF rate among a few of the trials has been
above 90%/: 19 (Supplementary Tables 3,4). Assuming that from the date of BF to the date
of DM is over 5 years, and from the date of DM to PCSM is an additional 5 years,! there
may not be difference seen in DM or CSM until 15 — 20 years of actuarial follow-up time.46
Moreover, with > 5-10 years after external beam RT, the subsequent rise in PSA may be
secondary to benign prostate diseases and not to cancer recurrence.

Patient selection has changed from the 1980s - 2010s with the introduction of PSA screening
(introduced in the mid-1990s). Before PSA screening, most patients who were treated had
more advanced diseases than those detected with PSA. For example, Surveillance,
Epidemiology, and End Results (SEER) data on prostate cancer incidence from 1988
through 1998 were consistent with overdiagnosis rates of approximately 29% for whites and
44% for blacks among men with prostate cancers detected by PSA screening.>2 This
overdiagnosis of indolent cancers may explain some differences between trials.

Additionally, there are typically very few events in overall patient outcomes (i.e. DM, CSM).
For example, the 10-year CSM rates among some of the conventionally fractionated RT dose
escalation trials have frequently been less than 10%.7: 8: 11,12, 14 For the men with prostate
cancer in these external beam RT RCTs, the median age has been in the late 60s; thus,
waiting for an additional 10-20 years of follow-up may result in patient death due to non-
cancer causes, precluding analysis of the intervention. Prostate cancer is typically diagnosed
in the elderly and has an indolent course; accrual of a relatively large number of patients (i.e.
thousands) is necessary to realize a change in FFBF of a few percent.

There are issues with using FFBF as a surrogate marker. Illustrative PSA curves after BT,
external beam RT, and RP are displayed in Supplementary Figure 2. Regarding how FFBF is
defined, the Phoenix definition following treatment is preferred for external beam RT.53 That
is, after RT, the PSA is followed; the PSA nadir will be the lowest PSA value reached; if a
value > 2 ng/mL above the nadir is detected, this is a BF. It is important to understand that
this definition is for populations and not for individuals. External beam RT typically induces
a slow and inconsistent decrease in PSA to levels that are typically still detectable.
Moreover, 10-30% of patients exhibit a PSA bounce (i.e. a temporary elevation in PSA
without disease recurrence) within 3 years after RT; bounces will normalize within about
one year.5* 55 Bounces also occur with BT.%8: 57 PSA bounces do not correlate with
recurrence; they are associated with patient, cancer, and dosimetric factors.

Most imaging techniques in the recurrent setting are not yet sensitive or specific enough to
establish a diagnosis of recurrence.>® Thus, most cancer recurrences should be documented
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by biopsy (rather than imaging alone) before salvage therapy is initiated.>® A biopsy would
help rule out a PSA bounce and prevent overtreatment.

Key Question 2: Evolution of technology in prostate cancer RT

With respect to Key question 2, it is difficult to state which modalities have fewer long-term
side effects; the RT options presented in this analysis have had unique patterns of
implementation, certain modalities (e.g. SBRT) have been used for a relatively brief period
of time.#9 The timeline for the development of external beam RT and BT for prostate cancer
is illustrated in Supplementary Figure 2. The shift from 3D conformal radiation therapy to
IMRT during the 1990s, theoretical radiobiological models from 2001 (which support the
use of high doses per fraction, such as those in hypofractionated RT,50 SBRT,6! and HDR-
BT52), development of HDR-BT (to use in place of LDR-BT) in the 1980s, and advances in
image guided radiation therapy (IGRT) for external beam RT since the 1980s have
influenced the evolution of RT modalities, including hypofractionated RT, SBRT, HDR-BT,
and particle beam therapy (e.g. protons).

EBRT is a cornerstone of curative management of localized prostate cancer. External beam
RT is used in about 25% of patients younger than 65 years, and almost half of patients older
than 65 years.%3 Since the 1990s, there have been two central themes in localized prostate
cancer external beam RT RCTs,4% 50 summarized in Supplementary Table 3. The first theme
has been escalation of the total dose with conventionally fractionated RT,’~14 from 66 Gy to
70 Gray (Gy), up to a total of 76 to 80 Gy in 1.8 — 2 Gy fractions. The second theme has
been the use of hypofractionated RT,1°-19 up to a total dose of 50 to 66 Gy in 2.1 to 3.5 Gy
fractions, compared to conventionally fractionated RT.60 More recent RCTs of prostate
cancer external beam RT have been a continuation of the theme of dose escalation and
hypofractionation: for example RTOG/NRG 0938 is examining the role of extreme
hypofractionated RT with stereotactic body radiation therapy, using biologically equivalent
doses higher than any conventionally fractionated RT RCTs.3% 61 Although biologically
equivalent dose escalation has resulted in improved FFBF, other outcomes (OS, DM, and
CSM) have not changed.*6

When the robotic arm linear accelerator (i.e. CyberKnife ®) was introduced (around 2001),
it was marketed as being able to deliver “extremely” hypofractionated external beam RT, and
it was shown to recapitulate HDR-BT plans to form a “virtual HDR-BT” (plans juxtaposed
in Figure 2).54 Notably, however, SBRT may be delivered with any type of linear accelerator
(robotic arm or gantry).51. 64 Although studies using SBRT have been published,20-23 they
are limited by their exclusion of intermediate- and high-risk patients, and relatively small
number of patients treated.61 Additionally, although SBRT is associated with lower
treatment costs, there appears to be a greater rate of urinary toxicity for patients undergoing
SBRT compared with conventionally fractionated RT with IMRT, and prospective studies
are necessary.5° Treatment of patients with protons is more expensive, and possibly more
toxic5: 67 than treatment with any of the other RT modalities. Each of the treatment
modalities used to treat localized prostate cancer is associated with specific adverse effects
and variable impact on quality of 1ife88-72 (detailed in Table 5).
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Key Question 3: Unknown factors about prospective data

Limitations

With respect to Key Question 3, the treatment decision for a man is usually based on his
risk group (Table 3), ability to tolerate the procedure (Table 4), anticipated impact on quality
of life (Table 5), and convenience for the patient. There are many other factors that influence
outcomes and toxicities of prostate cancer patients treated with RT’3 that were not reported
among the studies included in this review, including: (1) race; (2) medical comorbidities; (3)
psychiatric comorbidities; (4) insurance status; (5) education status; (6) marital status; (7)
income; (8) sexual orientation; and (9) facility-related characteristics (e.g. number of centers
involved, yearly hospital volumes).

Moreover, the scales used in the studies in this review are generally not detailed or tailored
to patients; specifically, the RTOG score does not include the evaluation of anorectal
symptoms, including fecal incontinence and urgency of defecation.” Studies with limited
follow up time (e.g. SBRT,®1 HDR-BT monotherapy’®) would not be able to accurately
characterize late toxicities. Quality of life scales, including the SF-36 (introduced in 1994),
Expanded Prostate Cancer Index Composite (EPIC, introduced in 2000), and the
International Index of Erectile Function-15 (IIEF-15, introduced in 1999), are not routinely
used among clinics or in clinical trials.6: 76. 77 These scales have been used to compare
early and toxicities of external beam RT and BT in separate analyses.58: 70-72 The toxicities
using these reports are summarized for all modalities included in this review in Table 5.

This analysis has further limitations. First, we do not compare RT to RP (as per our
methods). Recommendations of RP are covered in separate analyses;’® in general, RP is an
option for most patients (Table 3). We anticipate that the results of this analysis may be used
to compare RT options for various types of RP in future analyses. Next, we do not discuss
recommendations regarding ADT; per Table 3, ADT is not recommended for low-risk
patients, and it is almost always recommended for high-risk patients.38: 3% Novel risk-group
stratifications (e.g. favorable and unfavorable intermediate risk)’® were not incorporated in
this analysis; patients who fall into the unfavorable intermediate risk group may also benefit
from more aggressive RT (e.g. BT boost) or the use of ADT. Similarly, genomic profiling of
prostate cancers was not integrated in these studies; this may be beneficial in recommending
therapy, similar to the post-operative setting.80

CONCLUSION

Studies of RT for prostate cancer have reported improved rates of FFBF with higher
biologically equivalent RT doses. However, differences in OS, DM, and CSM have not been
detected in RCTSs of dose escalation or in studies comparing RT modalities. FFBF rates were
roughly equivalent between conventional and hypofractionated RT with intensity modulation
(evidence level 1B); SBRT had promising rates of BF, with shorter follow-up. Similarly, BT
and BT + external beam RT were appropriate in select patients (evidence level 1B). There
was limited evidence available to compare proton therapy to other modalities.
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CONSENSUS / KEY ANSWERS

Key Answer 1:

Long-term FFBF rates are roughly equivalent between conventionally fractionated RT and
hypofractionated RT with IMRT (evidence level 1B) among all NCCN risk groups.
Similarly, BT monotherapy is an acceptable treatment option for select low- and
intermediate-risk patients. FFBF rates among SBRT studies appear promising. For certain
intermediate- and high-risk patients, BT boost may have improved FFBF rates vs.
conventionally fractionated RT with IMRT alone (evidence level 1B). No study testing
definitive RT has reported differences in OS, DM, or PCSM (evidence level 1B), which is
not attributable to ADT.

Key Answer 2:

IMRT (as used with conventionally fractionated RT and hypofractionated RT) is associated
with decreased toxicity compared to 3D-CRT (evidence level 1B to 2). Late GU and Gl
toxicities are otherwise similar between conventionally fractionated RT and
hypofractionated RT (evidence level 1B). Many other modalities have not been tested in
prospective RCTs to compare long-term toxicities, though grade 3—4 toxicities are rare
(<5%).

Key Answer 3:

When making a decision for treatment, the patient and physician should consider the
patient’s risk group, ability to tolerate the procedure, anticipated impact on quality of life,
and convenience for the patient.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

GLOSSARY

Term Abbrev. Definition

active surveillance, AS/WW  Choosing no immediate treatment as an alternative to immediate treatment at the

observation, watchful time of diagnosis. These patients are closely monitored with and provided

waiting intervention, if necessary, at a time when cure is still possible. For the purposes of
this review, we consider active surveillance, observation, and watchful waiting
synonymous. For most patients undergoing active surveillance, a PSA is typically
drawn every 6 months, digital rectal exam is performed yearly, and repeat biopsy
is repeated at the discretion of the physician.

biologically effective =~ BED A more conceptually useful measure of biological damage to cells than physical

dose dose. It takes into account radiation sensitivity of cells, number of radiation
fractions, and fraction size.

brachytherapy BT A form of radiotherapy where a radiation source is placed inside or next to the
area requiring treatment. For prostate cancer, it is typically given as either high
dose rate (HDR; delivered using a RALS) or low dose rate (LDR; delivered using
permanently implanted radioactive seeds). SBRT has been shown to recapitulate
HDR-BT plans to form a “virtual HDR-BT.”

conventionally CFRT A type of EBRT typically defined as a single 1.8-2.0 Gy fraction lasting 15

fractionated radiation minutes per day, five days per week, for about eight weeks to a total dose of 76—

therapy 80 Gy.
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Term Abbrev. Definition

external beam EBRT The most common form of radiation therapy. With EBRT, the patient sits or lies

radiation therapy on a couch and an external source of radiation is pointed at the cancer. It includes
CFRT, HFRT, and SBRT. EBRT may be delivered with photons or protons.

freedom from FFBF The time from which therapy for prostate cancer occurs until a rise in PSA hits a

biochemical failure predefined threshold. For most randomized trials, the nadir + 2 ng/mL definition
is used. FFBF helps to determine the efficacy of treatment.

Gray Gy The international unit of radiation dose for x-ray therapy (e.g. CFRT, HFRT,
SBRT, LDR-BT, HDR-BT), 1 Joule/kilogram of matter.

hypofractionated HFRT A type of EBRT that is delivered as a single 2.1-3.5 Gy fraction lasting 15

radiation therapy minutes per day, five days per week, for about four weeks

image guided IGRT An integral component of RT systems that obtains imaging coordinates of a target

radiation therapy and/or healthy tissues before or during treatment, detects and correct for random

and systematic errors that occur in patient setup and organ motion, and increases
accuracy and precision. Multiple types of IGRT systems exist. 2D/3D systems
detect movements interfractionally (i.e. between two RT sessions); newer 4D
systems detect movements intrafractionally (i.e. during one RT session).

intensity modulated IMRT An form of radiation that conforms the treatment volume to the shape of the

radiation therapy tumor, using MLCs. The dose distribution created by IMRT is characterized by a
concavity or invagination of the edge of the higher doses away from the rectum,
rather than a straight edge through the rectum (as seen with 3D-CRT). IMRT may
be envisioned as a flashlight, where the aperture may be adjusted to any shape;
and beamlets of the flashlight may be made brighter or darker.

proton therapy A type of EBRT that has a low incident energy and displays a spike at the tail end
of its dose distribution. It theoretically spares the uninvolved tissues distal to the
target and generally deposits a lesser dose than photons to tissues proximal to the

target.
prostate specific PSA A soluble protein detected in the peripheral blood that is a surrogate biomarker
antigen used in both the initial detection and subsequent post treatment monitoring for

prostate cancer. A rising PSA after therapy usually signifies local or metastatic
recurrence, and it is used in calculating the FFBF.

remote afterloading RALS Integral to HDR-BT, a RALS automatically deploys and retracts a single small

system radioactive source along the implant needle at specific positions delivering = 12
Gy/hr. The RALS allows a physician to control the position where the HDR
source stops for a predetermined time periods (i.e. the “dwell position” and
“dwell time,” respectively).

radical prostatectomy ~ RP The surgical removal of all or part of the prostate gland.
radiation therapy RTOG A national cooperative group set up for conduction of RT research and clinical
oncology group investigations, it has helped to direct reporting of common outcome measures
(e.g. FFBF) and toxicities (e.g. GI, GU; and their grades) among trials.
stereotactic body SBRT A type of EBRT delivered as a single 3.5-15.0 Gy fraction lasting up to 45
radiation therapy minutes per day, for up to 5 treatments, for about two weeks.
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HIGHLIGHTS
. For prostate cancer, radiation therapy options include external beam and
brachytherapy.
. We compare the following radiation therapy modalities for prostate cancer

using evidence grading: conventional fractionation, hypofractionation,
stereotactic body radiation therapy, proton therapy, low dose rate
brachytherapy, high dose rate brachytherapy, and brachytherapy boost.

. Outcomes and toxicity profiles of the modalities are juxtaposed.

. Contraindications of options are provided, based on current randomized trials.

. Decision for a modality depends on risk group, tolerability of procedure,
convenience, anticipated outcomes, and anticipated toxicities (i.e. quality of
life).
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removed
(N = 1558)

Studies screened
(N = 168)

Full-text studies assessed for eligibility
(N = 168)
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V A
CFRT / HFRT SBRT Particle
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Figure 1. PRISMA
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BT PubMed search terms:
"prostate cancer" AND "radiation therapy"
AND ("external beam radiation therapy”

Studies identified through o “nypofractionated radiation therapy”

database searching OR “proton beam” OR “stereotactic body
HDR-BT (N = 608) radiation therapy” OR *“high dose rate
LDR-BT (N = 387) brachytherapy” OR “low dose rate
brachytherapy”)
Date of search:
July, 2015

Studies excluded (N = 1390), with reasons (not mutually exclusive)

patient outcomes are not those defined in PICOS (1130)
not testing EBRT or BT (1026)

not clinical study (920)

review article (203)

full text not available (159)

non-English (65)

animal studies (14)

case report (11)

EBRT or BT full-text studies excluded (N = 133), with reasons
retrospective, not a clinical trial, or non-randomized (62)
focus on other technology (6)
report on dosimetry, physics only (12)
report on acute outcomes / toxicity only (14)
report not on primary or definitive RT (15)
median follow-up time < 60 months (24)

BT (N = 10)
LDR-BT HDR-BT
LDR-BT monotherapy + HDR-BT monotherapy
(N=1;n=61) (N =1; n = 298)

+ HDR-BT boost
(N =8;n=2207)
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comparison CFRT with IMRT SBRT on a SBRT on a robotic HDR-BT LDR-BT
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145 Gy /
1 implant

~ 80Gy. ~ 80Gy/ [ 36256y 36.25 Gy /
40 fractions 40 fractions 5 fractions 5 fractions
Figure 2. An illustration of the RT modalities available to treat prostate cancer.
(TOP PANEL)

The two principal types of RT are external beam and brachythreapy. External beam RT is a
form of radiation therapy where the patient sits or lies on a couch and an external source of
radiation is pointed at the cancer. It includes conventional fractionation, hypofractionation,
and stereotactic body radiation therapy (SBRT). External beam radiation therapy may be
delivered with protons (yellow) or photons (red). Most men are treated with photon
conventional fractionon with intensity modulated RT (IMRT) on a linear accelerator. SBRT
may be delivered on a gantry or a robotic arm. Brachyhterapy is a form of radiotherapy
where a radiation source is placed inside or next to the area requiring treatment. For prostate
cancer, brachytherapy is typically given as either high dose rate brachytherapy (delivered
using a remote afterloading system) or low dose rate brachytherapy (delivered using
permanently implanted radioactive seeds). High dose rate brachytherapy monotherapy is
typically delivered in 1-5 fractions. Low dose rate brachytherapy monotherapy consists of
one implant session.

(BOTTOM PANEL)

Plans from various fractionations and modalities are displayed. Proton plans are able to
decrease incident dose (i.e. dose closer to the skin and femoral heads). Photon plans (red)
pass through normal tissue and deliver some dose to normal structures; however, this dose is
minimized using IMRT, or by adjusting incident beams of SBRT. brachytherapy plans

2 fractions
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generally deliver less dose to the rectum and have higher dose heterogeneity, with more
areas of high doses in the prostate (vs. external beam radiation therapy).
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