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ABSTRACT

Background: Evaluation of treatment options for localized prostate cancer continues to be
among the highest priorities for comparative effectiveness research. Surgery and radiotherapy are
the two most commonly used interventions.

Objective: To provide a critical narrative review of the evidence surrounding the comparative
effectiveness and harms of surgery and radiotherapy in the treatment of localized prostate cancer.

Evidence acquisition: A collaborative critical narrative review of the literature was conducted.

Evidence synthesis: Evidence to clearly guide treatment choice in prostate cancer remains
insufficient. Randomized trials are underpowered for clinically-meaningful endpoints and have
demonstrated no difference in overal or prostate cancer-specific survival. Observational studies
have consistently demonstrated an absolute survival benefit for men treated with radical
prostatectomy, but are limited by selection bias and residual confounding errors. Surgery and
radiotherapy are associated with comparable health-related quality of life following treatment in
three randomized trials. Randomized data regarding urinary, erectile, and bowel function show
few long-term (>5 year) differences though short term continence and erectile function were
worse following surgery and short term urinary bother and bowel function were worse following
radiotherapy. There has been recent recognition of other complications which may significantly
affect the life trgjectory of those undergoing prostate cancer treatment. Of these, hospitalizations,
the need for urologic, recto-anal and other major surgical procedures, and secondary cancers are
more common among men treated with radiotherapy. Androgen deprivation therapy, frequently
co-administered with radiotherapy, may additionally contribute to treatment-related morbidity.
Technologica innovation in surgery and radiotherapy have shown inconsi stent oncologic and
functional benefits.

Conclusions: Due to underpowered randomized control studies and the selection biases inherent
from observational studies, the question of which treatment provides better cancer control cannot
be definitively answered now or in the near future. Complications following prostate cancer
treatment are relatively common regardless of treatment approach. These include the commonly
identified issues of urinary incontinence and erectile dysfunction and others including
hospitalizations and invasive procedures to manage complications, and secondary malignancies.
Whole popul ation-based outcome studies, rather than clinical trial data, will be necessary to
enable comprehensive understanding of the relative benefits and risks of each therapeutic
approach.

Patient summary: Surgery and radiotherapy are the most common interventions for men
diagnosed with prostate cancer. Comparisons of survival after these treatments are limited by
various flawsin the relevant studies. Complications are common regardless of treatment
approach.
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1. INTRODUCTION

For three decades, management options for patients with clinically-localized prostate
cancer (PCa) have remained the same — surgery, radiotherapy, and observation. Many men,
particularly those who are older or have low-risk PCa, will not benefit from active
intervention[1]. For men with along life expectancy (>10 years), treatment is recommended for
those with intermediate or high-risk PCa[2]. Both surgery and radiotherapy (now usually in
combination with androgen deprivation therapy, ADT) have been used in the treatment of PCa
for over 100 years. While other treatments such as high intensity frequency ultrasound (HIFU)
and cryotherapy are gaining prominence, the volume of evidence surrounding intermediate- and
long-term outcomes remains insufficient to guide treatment decision-making. Accordingly, these
treatments are not routinely recommended in clinical practice guidelines[2].

Without significant supportive evidence, surgery and radiotherapy (generally in
combination with ADT) have been advocated as having similar oncologic efficacy. Thus,
treatment counselling and decision making has been complex and predominately centred on risks
of urinary incontinence and erectile dysfunction and other radiation-specific side-effects (and
increasingly side effects of ADT as we have become aware of them in the past decade). The
importance of localized PCa management is highlighted by its selection by the Institute of
Medicine as one of the top 25 priorities for comparative effectiveness research[3]. In the past few
years, asignificant body of literature has emerged assessing survival and complications
following treatment of localized PCa. Thus, in this collaborative narrative review, we summarize
historical and contemporary data evaluating survival outcomes and complications following
radical prostatectomy and radiotherapy in the treatment of clinically-localized PCa, including
consideration for the role and toxicity of ADT co-administered in most modern radiotherapy

regimes.
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2. EVIDENCE ACQUISITION

MEDLINE was systematically searched from inception until December 2016 using the
following terms: “radical prostatectomy”, “radiotherapy”, “brachytherapy”, “survival”,
“complications”, and “outcomes” along with free-text, related, derivative, and exploded terms.
The lead author compiled a proposed bibliography and manuscript framework which was
iteratively revised by all co-authors. Following agreement on manuscript structure, the first and

senior authors drafted this narrative review that was critically revised by co-authors. The final

manuscript represents the consensus of the authors.

3. EVIDENCE SYNTHESIS

3.1 Oncologic outcomes in prostate cancer research

Many cancer-related outcomes have been used in comparative effectiveness studies of
PCa treatments including biochemical recurrence, clinical recurrence, metastasis, PCa-specific
mortality and overall mortality. All-cause (overall) mortality is the most reliable endpoint of any
oncology study and, according to the United States Food and Drug Administration, isthe
preferred endpoint dueto its precision and lack of ascertainment bias[4]. Previous work has
shown that PCa may be reliably ascertained as a cause of death from administrative recordg[5].
Thus, PCa-specific surviva is an aternative outcome that may more directly assess the
oncologic efficacy of PCatherapies.

Biochemical recurrence (BCR) is the most commonly used outcome in PCa treatment
efficacy studies asit develops relatively early following treatment[6]. While BCR is an important

clinical event, most notably asit triggers further therapy with significant costs and quality of life
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detrimentg[7-9], it islimited as a meaningful research outcome. First, approximately 10% of
men with BCR will develop clinical progression[10], and less than 5% at 5 years will ultimately
die of disease{10]. Thus, BCR is a poor surrogate measure for survival. Second, there exist
innumerabl e definitions of biochemical recurrence (BCR). A systematic review of the literature
in 2007 identified 53 different definitions for BCR following radical prostatectomy and 99
different definitions for BCR following radiotherapy[11], making it difficult to compare
outcomes between studies. Finally, given the intrinsically different definitions of BCR for
patients treated initially with surgery and radiotherapy, the use of BCR to compare outcomes
following treatment with the two modalitiesis inherently problematic. Both the Phoenix criterion
and ASTRO criteria as adefinition of BCR systematically overestimate biochemical-recurrence
free survival for patients following radical prostatectomy[12]. Further, Lee et al. showed that
among men with comparable five-year risks of BCR, those treated with radiotherapy as
compared to surgery had significantly increased risk of PCa-specific mortality[13]. Thus, while
clinically meaningful, BCR should not be used to compare oncologic efficacy of PCa treatments

and this review focuses on surviva outcomes.

3.1.1 Randomized survival data

Radical prostatectomy is the only treatment shown in arandomized controlled tria to
improve overall and cancer-specific survival for patients with localized PCa, compared to
watchful waiting[14]. In the Scandinavian Prostate Cancer Group Tria #4 (SPCG-4), Bill-
Axelson et al. randomized 695 men with early clinically-detected PCato radical prostatectomy
or watchful waiting[14]. In addition to a surviva benefit, surgery reduced the risk of

metastasis[14]. These benefits were not confirmed in asimilar study (Prostate Cancer
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Intervention versus Observation Trial, PIVOT)[15], though this study is limited by inclusion of
proportionally more men with low-risk disease and more men with significant comorbidities and
shorter follow-up (median 10 years). In the SPCG-4 trial, the benefit of surgery has continued to
increase as ongoing follow-up has accrued.

Two older randomized trials compared survival outcomes following radical
prostatectomy and radiotherapy. The first was conducted by the Uro-Oncology research group in
the pre-PSA erg[16] and the second by the Japanese Study Group for Locally Advanced Prostate
Cancer more recently!®. Both demonstrated improved outcomes in surgically treated patients,
however due to methodologic limitations (including insufficient follow-up) and the evolution of
medical practice (including stage migration due to the introduction of PSA screening), neither of
these studies have influenced current clinical practice.

Recently, the Prostate testing for cancer and Treatment (ProtecT) trial reported survival
outcomes among 1643 patients randomized to active monitoring, radical prostatectomy and
radiotherapy[17]. The investigators found no significant difference in their primary outcome of
PCa specific mortality (p=0.48) with eight attributable deaths in the monitoring group, fivein the
surgery group and four in the radiotherapy group[17]. Overall mortality rates were al'so
comparable (p=0.87). Limitations of applying these datato clinical practice have previously been
reported[18,19]. Most notably, there is alack of statistical power, afact recognized years before
manuscript publication[20], due to a significant overestimation of predicted mortality rates at the
time of study design. In addition, there is over-representation of patients with low-risk disease
among the study cohort[20]. Based on these limitations, it is unlikely that meaningful

comparisons of mortality for patients treated with surgery and radiotherapy will ever be made
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from this cohort. Nonetheless, ProtecT identified a significant reduction in both clinical
progression and metastatic disease among men receiving definitive therapy.

Among 89 patients with localized or locally-advanced PCa randomized to surgery or
radiotherapy (EBRT + brachytherapy boost + ADT), Lennernas et al. recently reported no
difference in overall or cancer specific mortality, though the authors correctly concluded that

they were underpowered to assess survival outcomes[21].

3.1.2 Observational survival data

Considering the limitations among avail able randomized trials, arecent meta-anaysis of
observational studies compared overal and prostate-cancer specific mortality for patients treated
with surgery and radiotherapy[22]. Utilizing pooled results of 95,791 patients for the outcome of
overall mortality and 118,830 patients for PCa-specific mortality, patients treated with
radiotherapy had a significantly increased risk of death (overall mortality: HR 1.63, 95% CI 1.54
—1.73; PCa-specific mortality: HR 2.08, 95% CI 1.76 — 2.47). These findings were robust to
subgroup and sensitivity analyses including PCarisk categorization, study accrua period,
radiotherapy modality (EBRT or brachytherapy), duration of follow-up, and geographic region
of study[22]. It is notable that a survival benefit was found even among patients with low-risk
disease, likely reflecting a combination of the Will Rogers phenomenon[23] and residual
confounding.

While observationa data cannot account for unmeasured confounding in the manner of a
randomized controlled trial, as others have highlighted[24,25], the included studies were deemed
at low to moderate risk of bias using the Newcastle-Ottawa Scale, a validated measure

recommended by the Cochrane Collaborative to evaluate observationa studies[26]. In contrast,
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another meta-analysis which downplayed differences in surviva between surgery and
radiotherapy[25] did not use a validated measure for bias assessment. Initialy, the authors
attempted to employ the GRADE criterig[ 27]. Rather than relying on this validated measure,

they subsequently constructed a subjective reliability scale based on their “perceptions about the
relative importance of each factor”’[25]. The authors deemed single institutional studiesto be of
higher “reliability” than multi-institutional reports and penalized studies reporting on populations
greater than 12,000 patients, even though these studies have greater external validity. Despite
this, the authors demonstrated that radical prostatectomy was associated with improved overall
and cancer-specific survival compared to radiotherapy.

There are many ways to account for selection biases, most principally confounding by
indication, in observational studies including regression techniques, propensity-score approaches
(including matching and weighting), and instrumental variable techniques. Many of the studiesin
the meta-analysis included all identifiably relevant patient and tumor characteristics in regression
or propensity-score matched analyses[22]. While these approaches account for observed
confounders, instrumental variable analyses may also account for unmeasured confounding.
Using such an approach in patients with >ten-year predicted life expectancy, Sun et a. found
improved survival among those treated with surgery compared to radiotherapy (HR 0.66, 95% CI
0.56 — 0.79)[28]. While instrumental variable analyses have been shown to provide less biases
estimates of treatment effect[29], these techniques are unable to fully account for selection bias
and consequently residual confounding remaing30]. Furthermore, there remain important
statistical limitations with respect to their ability to determine differencesin outcomes. To
address such residual confounding, Cooperberg et al. performed an elegant sensitivity analysisin

which Kattan scores were artificially increased for patients undergoing prostatectomy[31]. To
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show that surgery was not better than radiation, there had to be an increase of more than 30
Kattan points which was considered unredistic.

Other concerns with the meta-analysis of observational studies[22] include the relevance
of the included treatments, given recent advances in radiotherapy. However, examining patients
treated with dose-escalated IMRT (>81 Gy) compared to radical prostatectomy, Zelefsky et al.
found comparable results[ 32]. Among patients with high grade PCa, Kishan et a. found no
differencein overall survival between those treated surgically, those treated with EBRT and
ADT, and those treated with EBRT, brachytherapy boost, and ADT[33]. While the authors found
lower rates of metastasis among men receiving radiotherapy and ADT, thisis confounded by
short follow-up (<5 years) and the co-administration of ADT.

This meta-analysis represents Level 2a evidence, athough the limitations to account for
unmeasured confounding continue to be a problem for these studies [34]. Thus, despite a number

of studies on thistopic (Table 1), this remains an unresolved question.

3.2 Global health-related quality of life

A recent systematic review highlighted the importance of patient-derived health related
quality of life assessment in the evaluation of treatment outcomes in patients with urologic
cancerg 35]. While specific patient-reported functional domains are of interest and more likely to
reflect treatment-related mechanisms, global health-related quality of life (HRQoL) may be more
meaningful, despite limitations due to the ceiling effect of these instruments. Three
contemporary randomized controlled trials assessed patient-reported outcomes (PROSs) including
global HRQoL (Table 2). Among the ProtecT cohort, Donovan et al. demonstrated no

differencesin physical health, mental health, anxiety or depression among men treated with
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surgery or radiotherapy[36]. Lennernas et al. and Gilberti et al. ssimilarly found no differencein
overall measures of health-related quality of life whether patients were treated with EBRT or
brachytherapy, as compared to radical prostatectomy[21,37]. PCatreatment may also affect the
quality of life of patients’ spouses[38]. Further work, including the development of measures

which overcome the ceiling effect, is urgently needed in this area.

3.3 Functional outcomes: “classic complications”

The best characterized and most frequently discussed complications of PCatreatment are
urinary incontinence and erectile dysfunction. SPCG-4 demonstrated that radical prostatectomy
increased rates of each of these complications, while decreasing rates of urinary obstruction,
compared to watchful waiting[39]. Due to field effects of radiotherapy, both EBRT and
brachytherapy significantly affect the bowel and rectal domains of HRQoL[40]. While most
bowel effects are transient, a proportion persist for many years after trestment[40]. Typicaly,
bowel symptoms are worse for patients undergoing EBRT than those receiving
brachytherapy[41].

Aswith global HRQoL, three randomized controlled trials compare patient-reported
functional outcomes for those treated with surgery and radiotherapy. In the ProtecT study,
surgery was associated with increased rates of urinary incontinence and erectile dysfunction
while radiotherapy had greater obstructive urinary symptoms and bowel symptoms[36].
Differences in urinary incontinence and erectile dysfunction between trestment modalities
diminished with longer follow-up[36], in keeping with the observational findings of the Prostate
Cancer Outcomes Study[42]. Lennernas et al. found no significant differences in urinary

urgency, urinary incontinence, erectile dysfunction, sexual interest, or rectal bleeding between

10
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men treated with surgery or radiotherapy[21]. They noted significant worsening in urinary
incontinence, erectile dysfunction, and sexual interest over time in both groups. Gilberti et al.
found that men treated with brachytherapy had worse urinary function at six and 12 months,
worse bowel function at 6 months and better erectile function at six months compared to those
treated surgically[37]. However, there were no significant differences in any functional outcome
at five years.

There is awealth of observational data examining patient-reported functional outcomes.
Most notably, the Prostate Cancer Outcomes Study recruited 3533 men from six SEER
registries[42] where 1655 patients with localized disease received surgery or radiotherapy
treatment within 1 year of diagnosis and completed follow-up surveys beyond two years. At two
and five years following treatment, men receiving surgery were more likely to report urinary
incontinence and erectile dysfunction while those receiving radiotherapy were more likely to
report bowel urgency and bother due to bowel symptoms[42]. By 15 years, al differences
became non-significant, except for bowel symptoms which remained higher in men treated with
radiotherapy[42]. Also, by 15 years, most men had developed erectile dysfunction[42]. More
recent observational data have corroborated these findings among men treated with modern
treatments, albeit with short (two and three year) follow-up[43,44].

Degspite these data, a recent systematic review concluded there was insufficient data on
symptomatic and quality-of-life outcomes following localized PCa treatment to provide
meaningful trestment guidance[45]. In part, thisis due to use of differing assessment measures.
A recent Delphi consensus among patients, urologists and radiation oncol ogists sought to
standardize the reporting of outcomes following localized PCa treatment[46]. They advocated

using the Expanded Prostate Cancer Index Composite (EPIC-26) for assessment of patient-

11
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reported outcomes, though numerous others were also endorsed. Data collection for ten years

following treatment was recommended.

3.4 Functional outcomes: Novel complications

Complications related to PCa treatment may necessitate interventions including urologic
procedures, rectal-anal procedures, and major surgery. These complications, including
genitourinary or gastrointestinal bleeding, infection, and urinary obstruction, may also require
planned or unplanned hospitalization[47]. Additionally, a further risk following radiotherapy is
treatment-induced secondary malignancy.

In alarge, population-based cohort of patients treated for non-metastatic PCa in Ontario,
Canada, radiotherapy treatment was associated with an increased risk of hospitalization, rectal-
anal procedures, major surgeries, and secondary cancers but lower risk of minimally-invasive
urologic procedures, compared to surgery[47]. After propensity-score matching to account for
baseline differences, patients receiving radiotherapy had increased long-term risk of all of these
outcomes[48]. Validation in an independent cohort of patients from the United States showed
that these complications frequently recur (mean 2.6 per patient) and continue for years following
treatment[49,50]. Utilizing the same patient cohort but differing analytic methods, Williams et al.
found no difference in treatment-rel ated hospitalizations, though there was greater cost
associated with treatment of patients who received radiotherapy[51].

While the use of post-operative radiotherapy contributed to increased complication rates,
when taken on an intention-to-treat basis, the initial decision to begin therapy with surgery was

associated with lower long-term risk of al procedura interventions and hospitalizations[9].

12
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Complications arising from radiotherapy, the end result of which is chronic tissue
ischaemig[52], have a profoundly different prognosis than those arising following surgery, which
maintains the underlying tissue integrity. Radiotherapy-association complications are
significantly more burdensome and often entail a much slower recovery, with impaired long-
term function[53]. Most notably, urinary fistulae following prostate radiotherapy often require
urinary diversion and are associated with significant morbidity[54].

In the Ontario cohort, patients treated with radiotherapy had a significantly increased risk
of secondary cancers (standardized incidence rate (SIR) 2.0, 95% CI 1.7-2.3), driven by an
excess of secondary cancers in men aged 40-65 at the time of radiotherapy (SIR 3.5, 95% CI 2.3-
4.7)[47]. Thisfinding has recently been supported by a meta-analysis comprising 21 studies and
up to 555,873 patients[ 55] which found an increased risk of in-field secondary malignancies
(bladder, rectal and colorectal cancers) but not of out-of-field malignancies among patients
treated with radiotherapy, though the absolute risk was small (0-1.4 cases per 100 patients
treated)[55].

Finally, there is growing evidence that radiotherapy may exert systemic effects. That
radiotherapy has effects beyond the treatment field is relatively well-established[56]. A
combination of systemic effects and local toxicity to the femur and pelvis may explain an
observed association between radiotherapy and fracture risk which has been demonstrated
among women with pelvic malignancies[57,58]. Thereis recent evidence demonstrating an
independent association between radiotherapy and fracture risk in men treated for PCa[59],
though others have not demonstrated this relationship[60]. Additionally, we recently observed an

independent association between radiotherapy for clinically-localized PCa and the devel opment
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of coronary artery disease, myocardial infarction, and sudden cardiac death[59], although this

requires further validation.

3.5 Effect of Androgen Deprivation Therapy

Androgen deprivation therapy (ADT) is often co-administered with radiotherapy based
on evidence that it improves overal survival[61-63]. Thus, most radiation administered isin fact
combination therapy. Long-term ADT (2 or 3 years) is recommended for patients with locally
advanced disease rather than short-term therapy (6 months)[64]. However, among patients with
localized disease, short-term ADT appears sufficient[65]. Nonetheless, both the ProtecT study
and Lennernas et a. treated all patients receiving radiotherapy with ADT.

ADT isassociated with detriments in bone health, cardiovascular disease, diabetes,
sexual function, mental health, and cognition[66]. Further, ADT causes sexua dysfunction in
more than 90% of treated men through decreased sexua interest (libido) and erectile
function[67]. ADT has aso been associated with decreases in penile length[68] and testicular
size[69] which may be psychologically distressing and associated with treatment regret. A year
following treatment, ADT was associated with significant impairmentsin HRQoL and with
greater psychological distress than conservative management, while no differences were found
between either surgery or radiotherapy and conservative management[70].

Most studies assessing ADT toxicity were conducted among men with advanced or
metastatic disease and without consideration for local treatment. Recently, the adverse
cardiovascular and skeletal -related effects of ADT have been demonstrated among patients with
localized disease, undergoing definitive local trestment in an observational cohort[59]. Among

patients with intermediate- and high-risk clinically-localized PCain the DART 01/05

14
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randomized trial, longer durations of ADT (24 months) were associated with an increased risk of
cardiovascular events, compared to short durations (4 months)[71]. However, comparing
treatment with ADT to no ADT, arecent meta-analysis of randomized trials showed no increased
risk of cardiovascular death[72]. Adjuvant ADT may potentiate the bowel and sexual toxicity of
radiotherapy (either EBRT or brachytherapy)[40,73] and the urinary and sexual toxicity
following radical prostatectomy[74]. Further, adjuvant ADT has been associated with significant
impairments in HRQoL[40]. Among patients undergoing radiotherapy, neoadjuvant ADT
resulted in significant impairment in sexual- and vitality-related quality of life within 2 months

of initiating ADT[75].

3.6 Evolving treatment modalities

3.6.1 Changesin surgical approach

Most survival and oncologic datafor surgically treated patients presented in this
manuscript are derived from patients treated with open retropubic radical prostatectomy. To our
knowledge, there exists only one trial which randomized patients to open or robotic radical
prostatectomy[ 76]. To date, only early perioperative outcomes are available. When assessed at 6
and 12 weeks following surgery, there were no significant differencesin urinary or sexual
function. Conclusions regarding positive margin rates could not be made.

Severa population-based, observational cohort studies have compared open and robotic
approaches. Assessing oncologic outcomes, robotic prostatectomy has been associated with a
lower risk of positive surgical margins and of requiring additional cancer therapies 77,78] but no

difference in overall or PCa-specific mortality[ 79]. Functionally, using patient-reported outcome
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measures, O’Neil et al. found that patients treated robotically had better urinary and sexual
function six months postoperatively, compared with those treated with open surgery[80]. The
differencein sexua function persisted while differences in urinary function disappeared by 12
months. In contrast, Barry et a. found no difference in continence or sexual function based on
operative technique[81].

Due to a combination of pro-innovation bias and changesin surgical training, it islikely
that robotic prostatectomy will remain the preferred surgical approach. Centralization of care
may |lead to improved outcomes due to the established association between surgical volume and
outcomes[82-84]. Further, operative advancements, including the use of a modified nerve-
sparing technique[85] and neurovascular structure-adjacent frozen-section examination[86], may

contribute.

3.6.2 Changesin radiotherapy delivery

Over the past two decades, intensity-modul ated radiotherapy (IMRT) has largely
supplanted 3-dimensional conformal radiotherapy (3D-CRT) for EBRT[87], and has been
associated with less gastrointestinal toxicity, but comparable genitourinary toxicity[88,89].
Accompanying the transition to IMRT has been a trend towards dose-escal ation, which has been
shown to improve biochemical control and to reduce metastases in some randomized
trial§[90,91] athough mortality appears comparable[88,92,93]. Early reports indicated that dose-
escalation may be associated with increased gastrointestinal toxicity[92,94]; however, arecent
review concluded that toxicity profiles were likely similar between dose-escal ated and non-dose-
escalated therapy[88]. Hypofractionation is associated with similar oncologic outcomes and

toxicity, compared to conventional regimes[88,95,96]. Stereotactic body radiotherapy (SBRT)
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combines dose-escalation and hypofractionation. While randomized comparisonsto IMRT are
ongoing, observational data suggest that SBRT has similar oncologic outcomesto IMRT[97]
though SBRT but may be associated with increased erectile dysfunction[98], short-term
genitourinary and gastrointestinal toxicity[99], and long-term genitourinary toxicity[99]. Finaly,
there has been interest in the use of proton EBRT though there s little evidence of improved
oncologic or functional outcomes{100].

In addition to the described advances in the delivery of EBRT, there has been significant
scientific interest in brachytherapy despite persistent and ongoing declines in its utilization[ 101-
103]. The recently reported ASCENDE-RT trial demonstrated that the addition of brachytherapy
boost to EBRT and ADT in men with intermediate- and high-risk disease was associated with
improved biochemical control and comparable overall survival[104]. Brachytherapy boost was
associated with increased genitourinary toxicity[105] and patient-reported worse overall health,

sexual function, and urinary function[106].

4. CONCLUSIONS

Randomized trials assessing survival following surgery or radiotherapy in the treatment
of clinically-localized PCa are significantly underpowered to address the question of relative
superiority of surgery versus radiotherapy (and ADT) and are therefore limited in meaningfully
informing clinical practice. Observational studies of hundreds of thousands of patients treated in
clinica practice do not support oncologic equivalence of the two modalities, though this

evidenceislimited by selection bias. Complications following PCatreatment are relatively
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common. These include the commonly identified issues of urinary incontinence and erectile
dysfunction but also others including hospitalizations and invasive procedures to manage
complications, and secondary malignancies (Table 3). Thus, well powered and designed
randomized controlled trials continue to be needed in order to assess the true effectiveness of
these treatments to provide the definitive answer enabling enhanced patient and clinician

decision-making when active treatment of localized PCais to be undertaken.

ACKNOWLEDGEMENTS

C.J.D.W. is supported by the Canadian Institute of Health Research Banting and Best Doctoral
Award. R.K.N. is supported by the Ajmera Family Chair in Urologic Oncology.

AUTHOR CONTRIBUTIONS

Christopher J.D. Wallis had full accessto al the datain the manuscript and takes responsibility
for the integrity of the data and the accuracy of data presentation.

Study concept and design: Wallis, Glaser, Hu, Huland, Lawrentschuk, Moon, Murphy, Nguyen,
Resnick, Nam

Acquisition of data: Wallis

Analysis and interpretation of data: Wallis, Glaser, Hu, Huland, Lawrentschuk, Moon, Murphy,
Nguyen, Resnick, Nam

Drafting of the manuscript: Wallis

Critical revision of manuscript for important intellectual content: Wallis, Glaser, Hu, Huland,
Lawrentschuk, Moon, Murphy, Nguyen, Resnick, Nam

Statistical analysis: None
Obtaining funding: None
Administrative, technical, or material support: Nam

Supervision: Nam

18



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

FINANCIAL DISCLOSURES

Wallis: None

Glaser: None

Hu: Speakers’ Bureau for Intuitive Surgical and Genomic Health
Huland: None

Lawrentschuk: None

Moon: None

Murphy: Advisory Board & Speaker Bureau Activity for Astellas, Janssen, | psen, Sanofi, Ferring

Nguyen: Consulting for Ferring, Medivation, Genome Dx, Dendreon, Nanobiotix; Research
funding from Astellas and Janssen

Resnick: None

Nam: None

19



=

OCooNOOULL B WN

e
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Albertsen PC. Observational studies and the natural history of screen-detected prostate cancer.
Current opinion in urology. 2015;25(3):232-237.

Mottet N, Bellmunt J, Briers E, et al. EAU - ESTRO - SIOG Guidelines on Prostate Cancer2016.
Medicine lo. Initial national priorites for comparative effectiveness research. Washington, DB:
National Academies Press; 2009.

Administration FaD. Guidance for Industry Clinical Trial Endpoints for the Approval of Cancer
Drugs and Biologics. In: Services USDoHaH, ed. Rockville, MD2007.

Penson DF, Albertsen PC, Nelson PS, Barry M, Stanford JL. Determining cause of death in
prostate cancer: are death certificates valid? Journal of the National Cancer Institute.
2001;93(23):1822-1823.

Stephenson AJ, Kattan MW, Eastham JA, et al. Defining biochemical recurrence of prostate
cancer after radical prostatectomy: a proposal for a standardized definition. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology. 2006;24(24):3973-3978.
D'Amico AV, Chen MH, de Castro M, et al. Surrogate endpoints for prostate cancer-specific
mortality after radiotherapy and androgen suppression therapy in men with localised or locally
advanced prostate cancer: an analysis of two randomised trials. The lancet oncology.
2012;13(2):189-195.

Krahn MD, Bremner KE, Luo J, Alibhai SM. Health care costs for prostate cancer patients
receiving androgen deprivation therapy: treatment and adverse events. Curr Oncol.
2014;21(3):e457-465.

Wallis CJ, Cheung P, Herschorn S, et al. Complications following surgery with or without
radiotherapy or radiotherapy alone for prostate cancer. British journal of cancer.
2015;112(6):977-982.

Boorjian SA, Thompson RH, Tollefson MK, et al. Long-term risk of clinical progression after
biochemical recurrence following radical prostatectomy: the impact of time from surgery to
recurrence. European urology. 2011;59(6):893-899.

Cookson MS, Aus G, Burnett AL, et al. Variation in the definition of biochemical recurrence in
patients treated for localized prostate cancer: the American Urological Association Prostate
Guidelines for Localized Prostate Cancer Update Panel report and recommendations for a
standard in the reporting of surgical outcomes. The Journal of urology. 2007;177(2):540-545.
Nielsen ME, Makarov DV, Humphreys E, Mangold L, Partin AW, Walsh PC. Is it possible to
compare PSA recurrence-free survival after surgery and radiotherapy using revised ASTRO
criterion--"nadir + 2"? Urology. 2008;72(2):389-393; discussion 394-385.

Lee BH, Kibel AS, Ciezki JP, et al. Are biochemical recurrence outcomes similar after radical
prostatectomy and radiation therapy? Analysis of prostate cancer-specific mortality by
nomogram-predicted risks of biochemical recurrence. European urology. 2015;67(2):204-209.
Bill-Axelson A, Holmberg L, Garmo H, et al. Radical prostatectomy or watchful waiting in early
prostate cancer. The New England journal of medicine. 2014;370(10):932-942.

Wilt TJ, Brawer MK, Jones KM, et al. Radical prostatectomy versus observation for localized
prostate cancer. The New England journal of medicine. 2012;367(3):203-213.

Paulson DF, Lin GH, Hinshaw W, Stephani S. Radical surgery versus radiotherapy for
adenocarcinoma of the prostate. The Journal of urology. 1982;128(3):502-504.

Hamdy FC, Donovan JL, Lane JA, et al. 10-Year Outcomes after Monitoring, Surgery, or
Radiotherapy for Localized Prostate Cancer. The New England journal of medicine. 2016.

20



1 18. Wallis CJ, Nam RK. The optimal treatment of patients with localized prostate cancer: the debate
2 rages on. 2016;|http://www.bjuinternational.com/bjui-blog/the-optimal-treatment-of-patients- |
3 | with-localized-prostate-cancer-the-debate-rages-on/| Accessed Feb 7, 2017.
4 19. Wang LL, Wallis CJ, Sathianathen N, et al. 'ProtecTion' from overtreatment: does a randomized
5 trial finally answer the key question in localized prostate cancer? BJU international. 2016.
6 20. Roobol MJ, Bokhorst LP. The ProtecT trial: what can we expect? The lancet oncology.
7 2014;15(10):1046-1047.
8 21. Lennernas B, Majumder K, Damber JE, et al. Radical prostatectomy versus high-dose irradiation
9 in localized/locally advanced prostate cancer: A Swedish multicenter randomized trial with
10 patient-reported outcomes. Acta Oncol. 2015;54(6):875-881.
11 22. Wallis CJ, Saskin R, Choo R, et al. Surgery Versus Radiotherapy for Clinically-localized Prostate
12 Cancer: A Systematic Review and Meta-analysis. European urology. 2015.
13 23. Albertsen PC, Hanley JA, Barrows GH, et al. Prostate cancer and the Will Rogers phenomenon.
14 Journal of the National Cancer Institute. 2005;97(17):1248-1253.
15 24, Tyson MD, Penson DF, Resnick MJ. The comparative oncologic effectiveness of available
16 management strategies for clinically localized prostate cancer. Urologic oncology. 2016.
17 25. Roach M, 3rd, Ceron Lizarraga TL, Lazar AA. Radical Prostatectomy Versus Radiation and
18 Androgen Deprivation Therapy for Clinically Localized Prostate Cancer: How Good Is the
19 Evidence? International journal of radiation oncology, biology, physics. 2015;93(5):1064-1070.
20 26. Reeves BC, Deeks JJ, Higgins JP, Wells GA. Tools for assessing methodological quality of risk of
21 bias in non-randomized studies. In: Higgins JP, Green S, eds. Cochrane Handbook for Systematic
22 Reviews of Interventions, Version 5.1.02011.
23 27. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of
24 evidence and strength of recommendations. Bmj. 2008;336(7650):924-926.
25 28. Sun M, Sammon JD, Becker A, et al. Radical prostatectomy vs radiotherapy vs observation
26 among older patients with clinically localized prostate cancer: a comparative effectiveness
27 evaluation. BJU international. 2014;113(2):200-208.
28 29. Stukel TA, Fisher ES, Wennberg DE, Alter DA, Gottlieb DJ, Vermeulen MJ. Analysis of
29 observational studies in the presence of treatment selection bias: effects of invasive cardiac
30 management on AMI survival using propensity score and instrumental variable methods. JAMA :
31 the journal of the American Medical Association. 2007;297(3):278-285.
32 30. Giordano SH, Kuo YF, Duan Z, Hortobagyi GN, Freeman J, Goodwin JS. Limits of observational
33 data in determining outcomes from cancer therapy. Cancer. 2008;112(11):2456-2466.
34  31. Cooperberg MR, Vickers AJ, Broering JM, Carroll PR. Comparative risk-adjusted mortality
35 outcomes after primary surgery, radiotherapy, or androgen-deprivation therapy for localized
36 prostate cancer. Cancer. 2010;116(22):5226-5234.
37 32 Zelefsky MJ, Eastham JA, Cronin AM, et al. Metastasis after radical prostatectomy or external
38 beam radiotherapy for patients with clinically localized prostate cancer: a comparison of clinical
39 cohorts adjusted for case mix. Journal of clinical oncology : official journal of the American
40 Society of Clinical Oncology. 2010;28(9):1508-1513.
41 33. Kishan AU, Shaikh T, Wang PC, et al. Clinical Outcomes for Patients with Gleason Score 9-10
42 Prostate Adenocarcinoma Treated With Radiotherapy or Radical Prostatectomy: A Multi-
43 institutional Comparative Analysis. European urology. 2016.
44 34, Phillips B, Ball C, Sackett DL, et al. Oxford Centre for Evidence-based Medicine — Levels of
45 Evidence (March 2009). 2016;| http://www.cebm.net/oxford-centre-evidence-based-medicine- |
46 | levels-evidence-march-2009/| Accessed August 19, 2016.
47 35. Sosnowski R, Kulpa M, Kosowicz M, et al. Basic methods for the assessment of the health related
48 quality of life in uro- oncological patients. Minerva Urol Nefrol. 2016.

21


http://www.bjuinternational.com/bjui-blog/the-optimal-treatment-of-patients-with-localized-prostate-cancer-the-debate-rages-on/
http://www.bjuinternational.com/bjui-blog/the-optimal-treatment-of-patients-with-localized-prostate-cancer-the-debate-rages-on/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/

OO dOOULLS WN K

[
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Donovan JL, Hamdy FC, Lane JA, et al. Patient-Reported Outcomes after Monitoring, Surgery, or
Radiotherapy for Prostate Cancer. The New England journal of medicine. 2016;375(15):1425-
1437.

Giberti C, Chiono L, Gallo F, Schenone M, Gastaldi E. Radical retropubic prostatectomy versus
brachytherapy for low-risk prostatic cancer: a prospective study. World journal of urology.
2009;27(5):607-612.

Harden JK, Sanda MG, Wei JT, et al. Partners' long-term appraisal of their caregiving experience,
marital satisfaction, sexual satisfaction, and quality of life 2 years after prostate cancer
treatment. Cancer Nurs. 2013;36(2):104-113.

Steineck G, Helgesen F, Adolfsson J, et al. Quality of life after radical prostatectomy or watchful
waiting. The New England journal of medicine. 2002;347(11):790-796.

Sanda MG, Dunn RL, Michalski J, et al. Quality of life and satisfaction with outcome among
prostate-cancer survivors. The New England journal of medicine. 2008;358(12):1250-1261.
Talcott JA, Manola J, Clark JA, et al. Time course and predictors of symptoms after primary
prostate cancer therapy. Journal of clinical oncology : official journal of the American Society of
Clinical Oncology. 2003;21(21):3979-3986.

Resnick MJ, Koyama T, Fan KH, et al. Long-term functional outcomes after treatment for
localized prostate cancer. The New England journal of medicine. 2013;368(5):436-445.

Barocas DA, Alvarez J, Resnick MJ, et al. Association Between Radiation Therapy, Surgery, or
Observation for Localized Prostate Cancer and Patient-Reported Outcomes After 3 Years. JAMA :
the journal of the American Medical Association. 2017;317(11):1126-1140.

Chen RC, Basak R, Meyer AM, et al. Association Between Choice of Radical Prostatectomy,
External Beam Radiotherapy, Brachytherapy, or Active Surveillance and Patient-Reported
Quality of Life Among Men With Localized Prostate Cancer. JAMA : the journal of the American
Medical Association. 2017;317(11):1141-1150.

Whiting PF, Moore TH, Jameson CM, et al. Symptomatic and quality-of-life outcomes after
treatment for clinically localised prostate cancer: a systematic review. BJU international.
2016;118(2):193-204.

Martin NE, Massey L, Stowell C, et al. Defining a standard set of patient-centered outcomes for
men with localized prostate cancer. European urology. 2015;67(3):460-467.

Nam RK, Cheung P, Herschorn S, et al. Incidence of complications other than urinary
incontinence or erectile dysfunction after radical prostatectomy or radiotherapy for prostate
cancer: a population-based cohort study. The lancet oncology. 2014;15(2):223-231.

Wallis CJ, Herschorn S, Saskin R, et al. Complications After Radical Prostatectomy or
Radiotherapy for Prostate Cancer: Results of a Population-based, Propensity Score-matched
Analysis. Urology. 2015;85(3):621-628.

Wallis CJ, Mahar A, Cheung P, et al. New Rates of Interventions to Manage Complications of
Modern Prostate Cancer Treatment in Older Men. European urology.
2015;10.1016/j.eururo.2015.10.043.

Wallis CJ, Mahar AL, Cheung P, et al. Hospitalizations to Manage Complications of Modern
Prostate Cancer Treatment in Older Men. Urology. 2016.

Williams SB, Duan Z, Chamie K, et al. Risk of hospitalisation after primary treatment for prostate
cancer. BJU international. 2016.

Sheaff M, Baithun S. Pathological effects of ionizing radiation. Diagnostic Histopathology.
1997;4(2):106-115.

Mundy AR, Andrich DE. Posterior urethral complications of the treatment of prostate cancer.
BJU international. 2012;110(3):304-325.

22



OO NOOTULLE WN -

AP, D B, DD DEDEDEWWWWWWWWWWNNNNNNNNNMNNRRRRPRREPRRRRR
coNO U WNPFPOOONOOTULLPPWNPOOOOONOUPEEWNEPRPOOONOUIPE WNPELO

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Bassett MR, Santiago-Lastra Y, Stoffel JT, et al. Urinary Diversion for Severe Urinary Adverse
Events of Prostate Radiation: Results from a Multi-Institutional Study. The Journal of urology.
2016.

Wallis CJD, Mahar AL, Choo R, et al. Secondary malignancies following radiotherapy for prostate
cancer: a systematic review and meta-analysis. British Medical Journal. 2016:(in press).
Formenti SC, Demaria S. Systemic effects of local radiotherapy. The lancet oncology.
2009;10(7):718-726.

Baxter NN, Habermann EB, Tepper JE, Durham SB, Virnig BA. Risk of pelvic fractures in older
women following pelvic irradiation. JAMA : the journal of the American Medical Association.
2005;294(20):2587-2593.

Chan S, Rowbottom L, McDonald R, et al. Pelvic insufficiency fractures in women following
radiation treatment: a case series. Ann Palliat Med. 2016;5(3):233-237.

Wallis CJ, Mahar AL, Satkunasivam R, et al. Cardiovascular and Skeletal-Related Events Following
Localised Prostate Cancer Treatment: Role of Surgery, Radiotherapy and Androgen-Deprivation.
Urology. 2016;97:145-152.

Thorstenson A, Bratt O, Akre O, et al. Incidence of fractures causing hospitalisation in prostate
cancer patients: results from the population-based PCBaSe Sweden. European journal of cancer.
2012;48(11):1672-1681.

Bolla M, Van Tienhoven G, Warde P, et al. External irradiation with or without long-term
androgen suppression for prostate cancer with high metastatic risk: 10-year results of an EORTC
randomised study. The lancet oncology. 2010;11(11):1066-1073.

Pilepich MV, Winter K, Lawton CA, et al. Androgen suppression adjuvant to definitive
radiotherapy in prostate carcinoma--long-term results of phase Ill RTOG 85-31. International
journal of radiation oncology, biology, physics. 2005;61(5):1285-1290.

D'Amico AV, Chen MH, Renshaw AA, Loffredo M, Kantoff PW. Androgen suppression and
radiation vs radiation alone for prostate cancer: a randomized trial. JAMA : the journal of the
American Medical Association. 2008;299(3):289-295.

Bolla M, de Reijke TM, Van Tienhoven G, et al. Duration of androgen suppression in the
treatment of prostate cancer. The New England journal of medicine. 2009;360(24):2516-2527.
Pisansky TM, Hunt D, Gomella LG, et al. Duration of androgen suppression before radiotherapy
for localized prostate cancer: radiation therapy oncology group randomized clinical trial 9910.
Journal of clinical oncology : official journal of the American Society of Clinical Oncology.
2015;33(4):332-339.

Rhee H, Gunter JH, Heathcote P, et al. Adverse effects of androgen-deprivation therapy in
prostate cancer and their management. BJU international. 2015;115 Suppl 5:3-13.

Higano CS. Sexuality and intimacy after definitive treatment and subsequent androgen
deprivation therapy for prostate cancer. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 2012;30(30):3720-3725.

Haliloglu A, Baltaci S, Yaman O. Penile length changes in men treated with androgen suppression
plus radiation therapy for local or locally advanced prostate cancer. The Journal of urology.
2007;177(1):128-130.

Hadziselimovic F, Senn E, Bandhauer K. Effect of treatment with chronic gonadotropin releasing
hormone agonist on human testis. The Journal of urology. 1987;138(4 Pt 2):1048-1050.

Couper JW, Love AW, Dunai JV, et al. The psychological aftermath of prostate cancer treatment
choices: a comparison of depression, anxiety and quality of life outcomes over the 12 months
following diagnosis. The Medical journal of Australia. 2009;190(7 Suppl):586-89.

Zapatero A, Guerrero A, Maldonado X, et al. Late Radiation and Cardiovascular Adverse Effects
After Androgen Deprivation and High-Dose Radiation Therapy in Prostate Cancer: Results From

23



OO dOOULLS WN K

[
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

the DART 01/05 Randomized Phase 3 Trial. International journal of radiation oncology, biology,
physics. 2016;96(2):341-348.

Nguyen PL, Je Y, Schutz FA, et al. Association of androgen deprivation therapy with
cardiovascular death in patients with prostate cancer: a meta-analysis of randomized trials.
JAMA : the journal of the American Medical Association. 2011;306(21):2359-2366.

Brassell SA, Elsamanoudi Sl, Cullen J, Williams ME, McLeod DG. Health-related quality of life for
men with prostate cancer--an evaluation of outcomes 12-24 months after treatment. Urologic
oncology. 2013;31(8):1504-1510.

Adam M, Tennstedt P, Lanwehr D, et al. Functional Outcomes and Quality of Life After Radical
Prostatectomy Only Versus a Combination of Prostatectomy with Radiation and Hormonal
Therapy. European urology. 2016.

Gay HA, Michalski JM, Hamstra DA, et al. Neoadjuvant androgen deprivation therapy leads to
immediate impairment of vitality/hormonal and sexual quality of life: results of a multicenter
prospective study. Urology. 2013;82(6):1363-1368.

Yaxley JW, Coughlin GD, Chambers SK, et al. Robot-assisted laparoscopic prostatectomy versus
open radical retropubic prostatectomy: early outcomes from a randomised controlled phase 3
study. Lancet. 2016;388(10049):1057-1066.

Hu JC, Gandaglia G, Karakiewicz PI, et al. Comparative effectiveness of robot-assisted versus
open radical prostatectomy cancer control. European urology. 2014,66(4):666-672.

Pearce SM, Pariser JJ, Karrison T, Patel SG, Eggener SE. Comparison of Perioperative and Early
Oncologic Outcomes between Open and Robotic Assisted Laparoscopic Prostatectomy in a
Contemporary Population Based Cohort. The Journal of urology. 2016;196(1):76-81.

Hu JC, O'Malley P, Chughtai B, et al. Comparative Effectiveness of Cancer Control and Survival
after Robot-Assisted versus Open Radical Prostatectomy. The Journal of urology.
2017;197(1):115-121.

O'Neil B, Koyama T, Alvarez J, et al. The Comparative Harms of Open and Robotic Prostatectomy
in Population Based Samples. The Journal of urology. 2016;195(2):321-329.

Barry MJ, Gallagher PM, Skinner JS, Fowler FJ, Jr. Adverse effects of robotic-assisted
laparoscopic versus open retropubic radical prostatectomy among a nationwide random sample
of medicare-age men. Journal of clinical oncology : official journal of the American Society of
Clinical Oncology. 2012;30(5):513-518.

Eastham JA, Kattan MW, Riedel E, et al. Variations among individual surgeons in the rate of
positive surgical margins in radical prostatectomy specimens. The Journal of urology. 2003;170(6
Pt 1):2292-2295.

Hu JC, Gold KF, Pashos CL, Mehta SS, Litwin MS. Role of surgeon volume in radical
prostatectomy outcomes. Journal of clinical oncology : official journal of the American Society of
Clinical Oncology. 2003;21(3):401-405.

Almatar A, Wallis CJ, Herschorn S, et al. Effect of radical prostatectomy surgeon volume on
complication rates from a large population-based cohort. Can Urol Assoc J. 2016;10(1-2):45-49.
Michl U, Tennstedt P, Feldmeier L, et al. Nerve-sparing Surgery Technique, Not the Preservation
of the Neurovascular Bundles, Leads to Improved Long-term Continence Rates After Radical
Prostatectomy. European urology. 2016;69(4):584-589.

Schlomm T, Tennstedt P, Huxhold C, et al. Neurovascular structure-adjacent frozen-section
examination (NeuroSAFE) increases nerve-sparing frequency and reduces positive surgical
margins in open and robot-assisted laparoscopic radical prostatectomy: experience after 11,069
consecutive patients. European urology. 2012;62(2):333-340.

24



OO dOOULLBS WN K

[
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Nguyen PL, Gu X, Lipsitz SR, et al. Cost implications of the rapid adoption of newer technologies
for treating prostate cancer. Journal of clinical oncology : official journal of the American Society
of Clinical Oncology. 2011;29(12):1517-1524.

Zaorsky NG, Shaikh T, Murphy CT, et al. Comparison of outcomes and toxicities among radiation
therapy treatment options for prostate cancer. Cancer Treat Rev. 2016;48:50-60.

Zelefsky MJ, Levin EJ, Hunt M, et al. Incidence of late rectal and urinary toxicities after three-
dimensional conformal radiotherapy and intensity-modulated radiotherapy for localized
prostate cancer. International journal of radiation oncology, biology, physics. 2008;70(4):1124-
1129.

Kuban DA, Levy LB, Cheung MR, et al. Long-term failure patterns and survival in a randomized
dose-escalation trial for prostate cancer. Who dies of disease? International journal of radiation
oncology, biology, physics. 2011;79(5):1310-1317.

Michalski JM, Moughan J, Purdy J, et al. A randomized trial of 79.2Gy versus 70.2Gy radiation
therapy (RT) for localized prostate cancer. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 2015;33:(suppl 7; abstr 4).

Dearnaley DP, Sydes MR, Graham JD, et al. Escalated-dose versus standard-dose conformal
radiotherapy in prostate cancer: first results from the MRC RTO1 randomised controlled trial.
The lancet oncology. 2007;8(6):475-487.

Zaorsky NG, Keith SW, Shaikh T, et al. Impact of Radiation Therapy Dose Escalation on Prostate
Cancer Outcomes and Toxicities. Am J Clin Oncol. 2016.

Kuban DA, Tucker SL, Dong L, et al. Long-term results of the M. D. Anderson randomized dose-
escalation trial for prostate cancer. International journal of radiation oncology, biology, physics.
2008;70(1):67-74.

Dearnaley D, Syndikus I, Mossop H, et al. Conventional versus hypofractionated high-dose
intensity-modulated radiotherapy for prostate cancer: 5-year outcomes of the randomised, non-
inferiority, phase 3 CHHIP trial. The lancet oncology. 2016;17(8):1047-1060.

Incrocci L, Wortel RC, Alemayehu WG, et al. Hypofractionated versus conventionally
fractionated radiotherapy for patients with localised prostate cancer (HYPRO): final efficacy
results from a randomised, multicentre, open-label, phase 3 trial. The lancet oncology.
2016;17(8):1061-1069.

Oliai C, Bernetich M, Brady L, et al. Propensity score matched comparison of SBRT versus IMRT
for the treatment of localized prostate cancer. J Radiat Oncol. 2016;5:187-195.

Halpern JA, Sedrakyan A, Hsu WC, et al. Use, complications, and costs of stereotactic body
radiotherapy for localized prostate cancer. Cancer. 2016;122(16):2496-2504.

Yu JB, Cramer LD, Herrin J, Soulos PR, Potosky AL, Gross CP. Stereotactic body radiation therapy
versus intensity-modulated radiation therapy for prostate cancer: comparison of toxicity.
Journal of clinical oncology : official journal of the American Society of Clinical Oncology.
2014;32(12):1195-1201.

Hoppe BS, Michalski JM, Mendenhall NP, et al. Comparative effectiveness study of patient-
reported outcomes after proton therapy or intensity-modulated radiotherapy for prostate
cancer. Cancer. 2014;120(7):1076-1082.

Martin JM, Handorf EA, Kutikov A, et al. The rise and fall of prostate brachytherapy: use of
brachytherapy for the treatment of localized prostate cancer in the National Cancer Data Base.
Cancer. 2014;120(14):2114-2121.

Mahmood U, Pugh T, Frank S, et al. Declining use of brachytherapy for the treatment of prostate
cancer. Brachytherapy. 2014;13(2):157-162.

25



OO dOOULLBS WN K

[
= O

12

=R
W

103.

104.

105.

106.

Orio PF, 3rd, Nguyen PL, Buzurovic |, Cail DW, Chen YW. The decreased use of brachytherapy
boost for intermediate and high-risk prostate cancer despite evidence supporting its
effectiveness. Brachytherapy. 2016;15(6):701-706.

Morris WJ, Tyldesely S, Rodda S, et al. *ASCENDE-RT: An Analysis of Survival Endpoints for a
Randomized Trial Comparing a Low-Dose-Rate Brachytherapy Boost to a Dose-Escalated
External Beam Boost for High- And Intermediate-Risk Prostate Cancer International Journal of
Radiation Oncology, Biology & Physics. 2016.

Rodda SL, Tyldesely S, Morris WJ. Toxicity Outcomes in ASCENDE-RT: A Multicenter Randomized
Trial of Dose-Escalation Trial for Prostate Cancer. International Journal of Radiation Oncology,
Biology & Physics. 2015;93(3 (Suppl)):S121.

Rodda SL, Duncan G, Hamm J, Morris WJ. Quality of Life Outcomes: ASCENDE-RT a Multicenter
Randomized Trial of Radiation Therapy for Prostate Cancer. International Journal of Radiation
Oncology, Biology & Physics. 2015;93(3 (Suppl)):S2.

26



Table 1. Key studies examining oncological outcomes of treatment of localized prostate cancer with radiotherapy and radical

prostatectomy.

Study identifier | Design Exposures Sample size | Findings Limitations

Hamdy et al. Randomized Radical prostatectomy | 1098 No differencein PCSM -Underpowered
controlled tria vs. EBRT + ADT (p=0.48) or OM (p=0.87) | -Over-representation

of low risk patients

Lennernaset al. | Randomized Radical prostatectomy | 89 No differencein PCSM -Underpowered

controlled tria vs. EBRT + brachy
boost + ADT

Walliset a. Meta-analysisof | Radical prostatectomy | 95,791 Increased OM and PCSM | -Residual

observational vs. radiotherapy (EBRT among patients treated confounding

studies

or brachy)

with radiotherapy

Notes: EBRT = external beam radiotherapy; brachy = brachytherapy; ADT = androgen deprivation therapy; PCSM = prostate
cancer specific mortality; OM = overall mortality.

27



Table 2. Key studies examining functional outcomes of treatment of localized prostate cancer with radiotherapy and radical

prostatectomy.
Study identifier Hamdy et al. Lennernas et al. Gilberti et al. Resnick et al.
Study design Randomized Randomized Randomized controlled Observational cohort study
controlled tria controlled tria tria
Exposures Radical prostatectomy | Radical prostatectomy | Radical prostatectomy vs. | Radical prostatectomy vs.
vs. EBRT + ADT vs. EBRT + brachy brachytherapy EBRT
boost + ADT
Sample size 1098 89 174 1655
Findings
Global HRQoL | Equivalent Equivalent Equivalent -
Incontinence Greater in RPthan RT | Equivalent Equivalent Greater in RP (at 2/5 yrs)
Equivaent (at 15 yrs)
Erectile Greater in RPthan RT | Equivalent Greater in RP (short-term) | Greater in RP (at 2/5 yrs)
dysfunction Equivaent (long-term) Equivaent (at 15 yrs)
Bowel Greater in RT than RP | Equivalent Greater in RT (short-term) | Greater in RT (at 2/5 yrs)
symptoms Equivaent (long-term) Equivaent (at 15 yrs)
Obstructive Greater in RT than RP | Equivalent Greater in RT (short-term)
urinary Equivalent (long-term)
symptoms

Notes: EBRT = external beam radiotherapy; brachy = brachytherapy; ADT = androgen deprivation therapy; RP = radical

prostatectomy; RT = radiotherapy; yrs = years.
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Table 3. A comparison of key outcomes following radical prostatectomy and radiotherapy in the treatment of localized prostate
cancer, stratified by evidentiary study design.

Randomized controlled trials

Observationa cohort studies

Outcome Evidence Caveats Evidence Caveats
No difference Underpowered Significantly improved overall and Residual confounding,
and over- prostate cancer-specific survival for with study design
representation of | patients treated with surgery unable to fully account
Surviva low-risk patients. for baseline differences.
Global HRQoL | No difference n/a No difference Residual confounding
Urinary function | Conflicting evidence: | n/a Greater incontinence early after Residual confounding
likely no long-term surgery and greater urinary bother
differences after radiotherapy. No differences
long-term.
Erectile function | Conflicting evidence: | n/a Worse erectile function early after Residual confounding
likely no long-term surgery. No difference long-term.
differences
Bowel function | Worse after n/a Worse bowel function early after Residual confounding
radiotherapy radiotherapy. No difference long-term.
Other No data Increased risk of urologic and rectal- | Residual confounding
complications anal procedures, magjor surgeries, and
hospitalizations to manage treatment-
related effects after radiotherapy.
Secondary No data Increased risk of bladder, rectal and Despite significant
malignancies colorectal cancer after radiotherapy. relative risk, small

absolute risk. Residual
confounding

Note: HRQoL = hedlth-related quality of life.
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