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Abstract
Background: In the context of prostate cancer (PCa) characterized by the multiple alternative treatment strategies, comparative

effectiveness analysis is essential for informed decision-making. We analyzed the comparative effectiveness of PCa treatments
through systematic review and meta-analysis with a focus on outcomes that matter most to newly diagnosed localized PCa patients.
Methods: We performed a systematic review of literature published in English from 1995 to October 2016. A search strategy was
employed using terms “prostate cancer,” “localized,” “outcomes,” “mortality,” “health related quality of life,” and “complications” to
identify relevant randomized controlled trials (RCTs), prospective, and retrospective studies. For observational studies, only those
adjusting for selection bias using propensity-score or instrumental-variables approaches were included. Multivariable adjusted
hazard ratio was used to assess all-cause and disease-speciﬁc mortality. Funnel plots were used to assess the level of bias.
Results: Our search strategy yielded 58 articles, of which 29 were RCTs, 6 were prospective studies, and 23 were retrospective
studies. The studies provided moderate data for the patient-centered outcome of mortality. Radical prostatectomy demonstrated
mortality beneﬁt compared to watchful waiting (all-cause HR = 0.63 CI = 0.45, 0.87; disease-speciﬁc HR = 0.48 CI = 0.40, 0.58), and
radiation therapy (all-cause HR = 0.65 CI = 0.57, 0.74; disease-speciﬁc HR = 0.51 CI = 0.40, 0.65). However, we had minimal
comparative information about tradeoffs between and within treatment for other patient-centered outcomes in the short and longterm.
Conclusion: Lack of patient-centered outcomes in comparative effectiveness research in localized PCa is a major hurdle to

informed and shared decision-making. More rigorous studies that can integrate patient-centered and intermediate outcomes in
addition to mortality are needed.
Abbreviations: ADT = androgen deprivation therapy, AS = active surveillance, BT = brachytherapy, CI = conﬁdence interval,

EBRT = external beam radiation therapy, ED = erectile dysfunction, HR = hazard ratio, HRQoL = health related quality of life, PCa =
prostate cancer, PSA = prostate speciﬁc antigen, RARP = robot assisted radical prostatectomy, RCT = randomized controlled trial,
RP = radical prostatectomy, RT = radiation therapy, UI = urinary incontinence, WW = watchful waiting.
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criteria.[14–16] The local institutional review board reviewed and
approved the study.

1. Introduction
Prostate cancer (PCa) is the most commonly diagnosed cancer,
accounting for the 2nd highest cancer mortality among men in the
US. In 2017, approximately 161,360 men will be diagnosed with
PCa, and an estimated 26,730 will suffer PCa-related deaths.[1]
More than 70% of PCa patients have localized disease and face
uncertainty in treatment decision-making. Recent prostate
speciﬁc antigen (PSA) testing guidelines have implications for
long-term surveillance, outcomes, and cost of PCa care.[2] With a
median age at diagnosis of 68 years, many patients, especially
those with localized tumor, die of other illnesses.[1–3] Although
PCa-related mortality has been declining since 1994, the aging
baby boomers will increase the future absolute burden of PCa.[4]
For localized PCa, active surveillance (AS), radical prostatectomy (RP), and radiation therapy (RT) are the primary treatment
choices.[5] The number of men treated with RP remained stable
during 1990 to 2013, those treated with AS or watchful waiting
(WW) increased and those receiving RT and hormone therapy
decreased.[6] WW is distinct from AS in that WW is an unstructured
follow-up, usually in men with an actuarial survival of 10 years,
while AS is a structured program of PSA monitoring, physician
exam, imaging, and pathological evaluation with biopsy.
Decisions about management, especially for early stage PCa,
require tradeoffs among multiple outcomes. Thus, shared-decision
making is essential to ensure that patients receive the treatment best
aligned with their personal preferences.[7–9] However, such
decisions take place amidst considerable uncertainty about relative
effectiveness of alternative treatments for a range of clinical and
patient reported outcomes.
Comparative effectiveness is deﬁned as the synthesis of
evidence that compares beneﬁts and harms of alternative
methods to prevent, diagnose, or treat a clinical condition, or
to improve the delivery of care.[10] In the context of PCa,
characterized by the multiple alternative treatments, comparative
effectiveness analysis is essential for informed decision-making.
Identifying and interpreting the medical literature comparing the
effectiveness of treatments can be a daunting task for patients and
caregivers alike. Objective of this patient-centered systematic
review and meta-analysis is to synthesize current evidence for
outcomes to aid newly diagnosed localized PCa patients,
caregivers, and healthcare providers in making informed,
shared-decisions. Building on the existing comparative effectiveness reviews,[3,11,12] we focus on the patient-centered outcomes
(stratiﬁed by disease risk classiﬁcations) that matter most to the
patients.

2.2. Study selection
Randomized controlled trials (RCTs), case–control studies, and
cohort or cross-sectional studies (prospective or retrospective)
were eligible. For observational studies, only those adjusting for
selection bias using propensity score or instrumental variable
approaches were included. Studies that did not compare different
treatment modalities, basic science studies, editorials/comment
articles, and study protocols were excluded. Participants of all
ages, and those with low, intermediate, and high risk patients per
D’Amico criteria[17] were included. Studies were excluded if the
intent of treatment was salvage therapy, if participants had
clinical stage >T3a or if patient-centered outcomes (mortality,
HRQoL, complications, cancer recurrence, satisfaction with
care, and decision regrets) were not addressed. Additionally,
studies that were irrelevant to current clinical practice (ie,
perineal prostatectomy, and androgen deprivation therapy
[ADT] alone) were excluded. In case of multiple articles from
the same study or database, we favored those reporting longest
follow-up, largest sample size, and greatest completeness of
information. The review was performed by 3 independent
reviewers. When these reviewers did not agree or no deﬁnite
conclusion was reached, full text was retrieved for further
evaluation, and disputes were resolved by a 4th reviewer.
2.3. Patient-centered outcome measures
Primary outcome measures were all-cause and disease-speciﬁc
mortality; cancer recurrence; disease and treatment complications; side effects; and patient-reported outcomes, including
generic and disease-HRQoL, satisfaction with care, and decision
regrets. These latter outcomes were identiﬁed by patients,
stakeholders, and providers in our patient-centered outcomes
study as important patient-centered outcomes that aid in
treatment choice.[13] Because treatment side-effects can negatively inﬂuence satisfaction with treatment, decision regret, or
HRQoL,[18] information regarding the likelihood of side-effects
is essential for informed decision-making.[19]
2.4. Data extraction
Following information was collected for eligible studies: name of
ﬁrst author, publication year, design, sample-size, patient
characteristics, treatment type and duration, follow-up duration,
primary and secondary outcomes, disease and treatment
complications, side effects, and analytical strategy.

2. Methods
2.1. Review procedure

2.5. Analysis

We conducted a systematic review of all peer-reviewed, published
studies of comparative effectiveness for PCa from 1995 to 2016.
We searched Cochrane Library, Medline, PubMed, and Embase
using the key terms “prostate cancer,” “localized,” “treatment,”
“outcomes,” “mortality,” “health related quality of life
(HRQoL),” “complication,” “cancer recurrence,” “satisfaction
with care,” “decision regrets,” “radiation therapy,” “radical
prostatectomy,” and “comparative effectiveness,” separately and
in combination. These outcomes were identiﬁed as important
outcomes by the patient-stakeholders and providers in our
ongoing study.[13] The references of listed studies were also
examined. The review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta Analyses

We analyzed all-cause mortality, disease-speciﬁc mortality,
cancer recurrence, complications and side-effects, HRQoL,
satisfaction with care, and decision regret. We used Stata
software, version 14.1 (StataCorp LP, College Station, TX) to
perform 4 sets of meta-analyses of studies that compared
mortality across treatment groups. Treatment data were pooled
across study design to increase sample size and statistical power.
Meta-regression was applied to test for heterogeneity due to
study design. Pooled hazard ratios (HRs) were calculated as the
weighted average with weighting assigned according to the
inverse of the variance. We used the I2 statistic to examine the
heterogeneity of effect sizes. In general, I2 values of 25% or
2
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3.2. Survival

less indicate low heterogeneity, values near 50% indicate
moderate heterogeneity, and values 75% or greater indicate
high heterogeneity.[20] Random-effects models were used in all
analyses.[21] Meta-regression was used to assess sensitivity of the
pooled estimates to study characteristic (ie, study design type). To
assess the publication bias, we plotted the logarithm of each
study’s estimated HR against the standard error of the estimate
(“funnel plot”).[22] Asymmetry in the plot potentially signals that
studies with small, nonstatistically signiﬁcant estimates are not
being submitted or accepted for publication.

Meta-analysis was conducted for mortality outcomes where there
were more than 2 studies with the required information. There
was moderate-to-high heterogeneity in the HR for diseasespeciﬁc mortality (I2 = 56.0%, Appendix-B Fig. e2D, http://links.
lww.com/MD/B681) and all-cause mortality (I2 = 69.2%,
Appendix-B Fig. e2C, http://links.lww.com/MD/B681) for RP
compared to RT and for all-cause mortality for RP compared to
WW (I2 = 87.7%, Appendix-B Fig. e2A, http://links.lww.com/
MD/B681). However, including an indicator for the study design
provided no evidence that the study design contributed to the
heterogeneity (P > .09). Publication bias exists, especially for
studies comparing RP to RT in all-cause mortality (Appendix-B
Fig. e2, http://links.lww.com/MD/B681).

3. Results
3.1. Study characteristics

Records idenﬁed
through database
search
n = 4302

3.3. Radical prostatectomy versus watchful-waiting
In an RCT of patients with well to moderately well-differentiated
tumors, compared to WW, RP showed substantial diseasespeciﬁc survival advantage in those with greater than 10-year life
expectancy.[24] The Scandinavian Prostate Cancer Group Trial
Number-4 trial with a 23-year follow-up found lower diseasespeciﬁc mortality for RP compared to WW.[24–28] When stratiﬁed
by risk group, disease-speciﬁc survival beneﬁt persisted in

Records idenﬁed
through other
sources
n = 10

Eligibility

Abstracts and tles
screened
n = 4312

Full text arcles assessed
for eligibility and screened
n = 2112

Included

Screening

Idenﬁcaon

Figure 1 depicts study identiﬁcation strategy. Fifty-eight studies
met the inclusion criteria. Table 1 describes the quality of selected
articles. To facilitate the use of information in clinical decisions,
we summarized our ﬁndings based on the study design (Appendix
A, http://links.lww.com/MD/B681). Table 2 provides a synthesis
of evidence across patient-reported outcomes and PCa risk
categories.[23] Next, we discuss the overall and disease-speciﬁc
survival in relation to treatment, followed by other patientcentered outcomes.

Total studies included
n = 58

Records excluded
n = 2201

Full-text arcles
excluded
n = 2054

•
•

•
•
•
•
•
•
•
•
•
•
•
•
•

Reasons for exclusions
Review arcles
Year of publicaon (prior to 1995)
Not comparave studies
Did not include propensity score
or instrumental variable approach
Included clinical stage >T3a
Included salvage therapy
Basic science/in vitro studies
Editorial/comment arcles
Outcomes not relevant to paentcentered care
Low sample size (<50)
Duplicate studies
Study protocols
Intervenon not relevant

29 Randomized control trials
29 Prospecve/retrospecve
studies

Figure 1. Literature search ﬂow diagram (August 1995–October 2016).
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Table 1

Study type

RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Study/author, y

1. Holmberg (2002)
2. Steineck (2002)
3. Johansson (2009)
4. Bill-Axelson (2011)
5. Holmberg (2012)
6. Wilt (2012)
7. Bill-Axelson (2014)
8. Pierro (2011)
9. Asimakopoulos (2011)
10. Porpiglia (2012)
11. Van Poppel (1995)
12. Soloway (1995)
13. Dalkin (1996)
14. Goldenberg (1996)
15. Aus (1998)
16. Klotz (1999)
17. Gleave (2001)
18. D’Amico (2004)
19. D’Amico (2008)
20. Yee (2010)
21. Jones (2011)
22. Lukka (2005)
23. Norkus (2009)
24. Zietman (2010)
25. Yeoh (2011)
26. Fransson (2001)
27. Hamdy (2016)
28. Yaxley (2016)
29. Hoffman (2016)
30. Krygiel (2005)
31. Magheli (2010)
32. Kibel (2012)
33. Hoffman (2013)
34. Nepple (2013)
35. Davison (2014)
36. Potosky (2000)
37. Wong (2006)
38. Tewari (2007)
39. Albertsen (2007)
40. Merglen (2007)
41. Abdollah (2011)

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes.
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Adequate
sample size

Quality assessment of selected review articles.

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Propensity
Propensity
Propensity
Propensity
Propensity
Propensity
Propensity
Propensity
Propensity
Propensity
Propensity
Propensity
score
score
score
score
score
score
score
score
score
score
score
score

Similarity of
comparative group
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Res
yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes

Adequate follow-up
(5 years for mortality,
2 for other outcomes)
Disease-speciﬁc survival
HRQoL
HRQoL
Disease-speciﬁc survival
Survival, metastasis, HRQoL
Overall survival
Disease-speciﬁc and overall survival, metastasis
Complications, HRQoL
Erectile function
Urinary continence
Side effects
Complications
Biochemical cancer recurrence
Complications
Biochemical cancer recurrence
Biochemical cancer recurrence
Biochemical cancer recurrence
Overall survival
Overall survival
Biochemical cancer recurrence
Overall survival
Biochemical cancer recurrence
HRQoL, complications
Biochemical cancer recurrence, overall survival
Biochemical cancer recurrence, overall survival
HRQoL
Survival, cancer recurrence, and HRQoL
HRQoL
HRQoL
Biochemical cancer recurrence
Biochemical cancer recurrence
Overall and disease-speciﬁc survival
Overall and disease-speciﬁc survival
Overall and disease-speciﬁc survival
HRQoL, decision regret
HRQoL
Overall survival
Overall and disease-speciﬁc survival
Overall and disease-speciﬁc survival
Disease-speciﬁc survival
Overall and disease-speciﬁc survival

Primary patient centered
outcome/endpoint
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
Yes
No
No
Yes
No
No
Yes
Yes
Yes
No
Yes
Yes

Signiﬁcant HR (or RR)
and CI for all primary
outcomes/endpoints
Low
Intermediate
Intermediate
Low
Low
Low
Low
Low
Intermediate
Intermediate
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Intermediate
Low
Low
Low
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
High
Low
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate

Overall risk
of bias

∗

4

(continued )

1 ,†,‡
∗
2 ,‡
∗
3
4
∗
3
4
∗
3
4
4
3†
4
∗
3
4
4
∗
2 ,†
4
4
∗
3
4
4
4
3x
2†,x
3x
3x
3x
†,‡,x
1
3x
3x
3x
3x
3x
3x

4
4
4
4
4
4
4
∗
3

Overall study
quality GRADE
(1–4)
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Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

42.
43.
44.
45.
46.
47.
48.
48.
50.
51.
52.
53.
54.
55.
56.
57.
58.

5

Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Adequate
sample size
Propensity score
Propensity score
Propensity score
Propensity score
Propensity score
Instrumental Variable
propensity score
Instrumental variable
Instrumental Variable
Propensity score
Propensity score
Propensity score
Propensity score
Propensity score
IV
IV and propensity score
Propensity score

Similarity of
comparative group
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes

Adequate follow-up
(5 years for mortality,
2 for other outcomes)

IV = instrumental variable approach, HRQoL = health related quality of life, RCT = randomized controlled trial, HR = hazard ratio.
∗
Reasons for GRADE score downgrade: sparse data (n < 200).
†
Reasons for GRADE score downgrade: inadequate follow-up time period (5-years for survival, 2-years for other outcomes).
‡
Reasons for GRADE score downgrade: restricted population.
x
Reason for GRADE score upgrade: adjustment for confounders/effect size.

Sheets (2012)
Trinh (2012)
Liu (2013)
Nakayama (2013)
Resnick (2013)
Gandaglia (2014)
Hu (2014)
Lu-Yao (2014)
Sun (2014)
Sooriakumaran (2014)
Crandley (2014)
Daskivich (2014)
Lee (2014)
Smith (2015)
Basu (2015)
Bekelman (2015)
Wallis (2016)

Study type

Study/author, y

Table 1
(continued).

HRQoL, complications
Complications
Overall and disease-speciﬁc survival
Overall and disease-speciﬁc survival
Survival, HRQoL
Complications
Complications
Overall and disease-speciﬁc survival
Overall and disease-speciﬁc survival
Overall and disease-speciﬁc survival
HRQoL, complications
Disease-speciﬁc survival
Disease-speciﬁc survival
Biochemical cancer recurrence
Overall survival
Overall and disease-speciﬁc survival
Complications

Primary patient centered
outcome/endpoint
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes

Signiﬁcant HR (or RR)
and CI for all primary
outcomes/endpoints

Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
High
Intermediate
Intermediate
Intermediate
Intermediate

Overall risk
of bias

3x
3x
3†,x
∗
2 ,x
3x
3x
3x
3x
3x
3x
3x
∗
2 ,x
2‡,x
3x
3x
3x
3x

Overall study
quality GRADE
(1–4)

Jayadevappa et al. Medicine (2017) 96:18
www.md-journal.com

Table 2
Mortality

Cancer recurrence and metastasis

RT, EBRT,
IMRT, BT, or
PT

RP, RARP, LRP

6

Survival between high-dose and low-dose RT were
comparable (Zietman 2010).
With <10 y of life expectancy, RP and RT had
comparable survival (Sun 2014).
Disease-speciﬁc survival:
RP improved survival over RT (Albertsen 2007).

Improved survival with BT compared to EBRT
(Smith 2015).

Survival advantage with RP over EBRT and BT
(Kibel 2012).

Survival beneﬁt with RP compared to RT and WW
(Sun 2014).
Disease-speciﬁc survival:
With ≥10 y life expectancy, improved survival
with RP compared to WW (Holmberg 2012).
With ≥10 y life expectancy, RP improved survival
compared to RT (Sun 2014).
Overall survival:

Survival beneﬁt with RP compared to WW
(Bill-Axelson 2014).

With <10 y life expectancy, WW associated with
lower 10-y survival compared to RP and RT
(Sun 2014).
Disease-speciﬁc survival:
In men  75 y, RP improved survival than WW
(Albertsen 2007).
Overall survival:

RP or RT improved survival in men aged 65 to 80
y compared to WW (Wong 2006).

Superior long-term cancer control with
high dose RT compared to convention
RT (Zietman 2010).

RP was associated with a reduced risk of
metastasis compared to WW
(Bill-Axelson 2014).

D’Amico risk group – low risk – PSA < 10, Gleason score 6, clinical stage T1 – 2a
WW
Overall survival:
Bone metastasis was more common with
WW compared to RP (Wilt 2012).

Treatments

Synthesis of evidence across risk groups and patient centered outcomes.

Comparable disease-speciﬁc urinary, sexual and bowel
outcomes with RT compared to RP (15-y following
treatment) (Resnick 2013).
No signiﬁcant differences observed between RT and WW in
terms of fatigue, nausea/vomiting, and pain symptom
scales (Fransson 2001).
RT men shown to have decreased social functioning
compared to WW due to hematuria, urinary incontinence,
mucus, and planning of daily activity because of intestinal
problems (Fransson 2001).
Gastrointestinal and genitourinary toxicities did
not differ amongst RT dose schedules (Yeoh
2010).
Acute GI/GU toxicity higher in shorter schedule
vs longer, late toxicity was low in both (Lukka
2005).

(continued )

Higher side effects with RP compared to WW, including
erectile dysfunction, urinary incontinence, constipation,
defecation urgency, blood/mucus in stools, diarrhea, fecal
leakage, distress from symptoms (Holmberg 2012,
Steineck 2002, Potosky 2000).
Ability for intercourse and time to ability for intercourse
signiﬁcantly lower for RARP compared to LRP
(Asimakopoulos 2011). No difference in HRQoL outcomes
at 12 mo between LRP and RARP (Davison 2014).
Continence rates and recovery of erectile function were higher
in RARP vs LRP (Porpiglia 2013).

After a mean follow-up of 4 y, bowel function, well-being,
anxiety, depression, and subjective quality of life was
comparable between RP and WW (Steineck 2002).
WW patients had higher prevalence of satisfactory erectile
function and urinary control in the initial 2 to 5 y after
diagnosis (Potosky 2000, Steineck 2002).

Side effects and health related quality of life

Most common complications in the ﬁrst 30 days
of RP are - wound infection, followed by
urinary tract infection, surgical repair,
bleeding, and urinary catheterization (Wilt
2012).

Weak urinary stream was reported by 28% RP
and 44% of WW men after mean 4 y followup (Steineck 2002)

Complications
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Comparable survival for primary ADT vs WW
(Lu-Yao 2014).

Overall survival:

Mortality
No improvement in biochemical recurrence
or metastasis with neoadjuvant ADT
(prior to RP) vs RP alone (Soloway 1995,
Aus 1998, Klotz 1999, Yee 2010).

Cancer recurrence and metastasis

7

RT, EBRT,
IMRT, BT, or
PT

RP, RARP, LRP

Men with <10 y life expectancy, survival rates
between RP and RT were comparable (Sun 2014).
Disease-speciﬁc survival:
Survival rate was higher with RP compared to RT
(Albertsen 2007).

BT was associated with improved in biochemical
free survival compared to EBRT (Smith 2015).

Overall survival beneﬁt with RP over EBRT and BT
(Kibel 2012).

Survival beneﬁt of RP was largest in men 65
compared to WW (Bill-Axelson 2014).
Overall survival:

Disease-speciﬁc survival:

Survival beneﬁt was shown for stage T2a/b
tumors with RP over RT and WW (Sun 2014).

With <10 y life expectancy, WW associated with
lower 10-y survival compared to RP and RT
(Sun 2014).
Disease-speciﬁc survival:
Survival beneﬁt with RP over WW (Albertsen
2007).
Overall survival:

Survival advantage with RP or RT in men aged
65–80 y compared to WW (Wong 2006).

Superior long-term cancer control with high
dose RT compared to convention RT
(Zietman 2010).

RP reduces risk of Metastasis by 19.9%
compared to WW (Bill-Axelson 2014).

Comparable survival for ADT prior to RP vs RP
alone (Jones 2011).
Disease-speciﬁc survival:
Comparable survival for primary ADT vs WW
(Lu-Yao 2014).
Survival rates for ADT prior to RP vs RP alone
were comparable (Jones 2011).
D’Amico risk group – medium risk – PSA 10–20, Gleason score of 7, or are in clinical stage T2b
WW
Overall survival:
Bone metastasis was more common with
WW compared to RP (Wilt 2012).

ADT

Treatments

Table 2
(continued).

Comparable disease-speciﬁc urinary, sexual and bowel
outcomes with RT compared to RP (15-y following
treatment) (Resnick 2013).
No signiﬁcant differences observed between RT and WW in
terms of fatigue, nausea/vomiting, and pain symptom
scales (Fransson 2001).
RT men shown to have decreased social functioning
compared to WW due to hematuria, urinary incontinence,
mucus, and planning of daily activity because of intestinal
problems (Fransson 2001).
Gastrointestinal and genitourinary toxicities did
not differ amongst RT dose schedules (Yeoh
2010).
Acute GI/GU toxicity higher in shorter schedule
vs longer, but late toxicity was low in both
(Lukka 2005).

(continued )

Higher side effects with RP compared to WW, including
erectile dysfunction, urinary incontinence, constipation,
defecation urgency, blood/ mucus in stools, diarrhea, fecal
leakage, distress from symptoms (Holmberg 2012,
Steineck 2002, Potosky 2000).
No difference in HRQoL outcomes at 12 mo between LARP and
RARP (Davison 2014).Continence rates and recovery of erectile
function were higher in RARP vs LRP (Porpiglia 2013).
Ability for intercourse and time to ability for intercourse
signiﬁcantly lower for RARP compared to LRP
(Asimakopoulos 2011).

After a mean follow-up of 4 y, bowel function, well-being,
anxiety, depression, and subjective quality of life was
comparable between RP and WW (Steineck 2002).
WW patients had higher prevalence of satisfactory erectile
function and urinary control in the initial 2 to 5 y after
diagnosis (Potosky 2000, Steineck 2002).

Most common side effects with ADT included hot ﬂashes,
diarrhea, nausea with or without vomiting, and
abnormalities in liver function tests (Soloway 1995).
Compared with EBRT, neoadjuvant ADT with EBRT showed
increase in mild to moderate gynecomastia and severe
impotence (D’Amico 2004).

Side effects and health related quality of life

Most common complications in the ﬁrst 30 days
of RP are - wound infection, followed by
urinary tract infection, surgical repair,
bleeding, and urinary catheterization (Wilt
2012).

Weak urinary stream was reported by 28% RP
and 44% of WW men after mean 4 y followup (Steineck 2002).

No difference in perioperative blood loss,
operating time, need for transfusion or length
of stay with neoadjuvant ADT (prior to RP)
when compared to RP alone (Soloway 1995).

Complications
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Primary ADT showed no survival beneﬁt over 5-y
compared to WW (Lu-Yao 2014).

Overall survival:

Mortality
No improvement in biochemical recurrence
or metastasis with neoadjuvant ADT
(prior to RP) vs RP alone (Soloway 1995,
Aus 1998, Klotz 1999, Yee 2010).

Cancer recurrence and metastasis

RP, RARP, LRP

8

RP decreases mortality compared to RT
(Lee 2014).
With >10-y life expectancy, RP improves survival
compared to RT and WW (Sun 2014).
Higher 10-y survival with RP compared to RT
and WW (Albertsen 2007).

Mortality was comparable between RP and WW
(Bill-Axelson 2014).

Survival beneﬁt with RP compared to RT and
WW (Sun 2014).
Disease-speciﬁc survival:

Absolute risk of mortality was comparable
between RP and WW (Bill-Axelson 2014).

With <10 y life expectancy, WW associated with
lower overall 10-y survival compared to RP and
RT (Sun 2014).
Disease-speciﬁc survival:
Survival beneﬁts with RP over WW
(Albertsen 2007).
Overall survival:

RP has provided good long-term clinical
outcomes and avoided the use of ADT in
70% patients (Liu 2013).

The risk of metastasis was comparable
between RP and WW (Bill-Axelson
2014).

No difference in post-op mortality with
neoadjuvant ADT (prior to RP) when compared
to RP alone (Soloway 1995).
Disease-speciﬁc survival
No survival beneﬁt with primary ADT compared to
WW (Lu-Yao 2014).
D’Amico risk group – high risk – PSA > 20, Gleason score ≥8, or clinical stage T2c-3a
WW
Overall survival:
Bone metastasis was more common with
WW compared to RP (Wilt 2012).

ADT

Treatments

Table 2
(continued).

Most common complications in the ﬁrst 30 days
of RP are - wound infection, followed by
urinary tract infection, surgical repair,
bleeding, and urinary catheterization (Wilt
2012).

Weak urinary stream was reported by 28% RP
and 44% of WW men after mean 4 y followup (Steineck 2002).

No difference in perioperative blood loss,
operating time, need for transfusion or length
of stay with neoadjuvant ADT (prior to RP)
when compared to RP alone (Soloway 1995).

Complications

(continued )

No difference in HRQoL outcomes at 12 m between LARP
and RARP (Davison 2014).
Continence rates and recovery of erectile function were higher
in RARP vs LRP (Porpiglia 2013).
Ability for intercourse and time to ability for intercourse
signiﬁcantly lower for RARP compared to LRP
(Asimakopoulos 2011).

Higher side effects with RP compared to WW, including
erectile dysfunction, urinary incontinence, constipation,
defecation urgency, blood/mucus in stools, diarrhea, fecal
leakage, distress from symptoms (Holmberg 2012,
Steineck 2002, Potosky 2000).
RARP showed improved surgical margins, less use of postsurgery ADT and RT compared to RP (Hu 2014).

After a mean follow-up of 4 y, bowel function, well-being,
anxiety, depression, and subjective quality of life was
comparable between RP and WW (Steineck 2002).
WW patients had higher prevalence of satisfactory erectile
function and urinary control in the initial 2 to 5 y after
diagnosis (Potosky 2000, Steineck 2002).

Compared with EBRT alone, patients who underwent
neoadjuvant ADT with EBRT experienced signiﬁcant
increases in mild to moderate gynecomastia and severe
impotence (in men potent at baseline) (D’Amico 2004).

Most common side effects with ADT included hot ﬂashes,
diarrhea, nausea with or without vomiting, and
abnormalities in liver function tests (Soloway 1995).

Side effects and health related quality of life
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Mortality

Increased survival with ADT plus RP compared to
ADT alone (Bekelman 2015).
Addition of 6-mo of ADT to RT resulted
in increased survival (D’Amico 2008).
PCa-speciﬁc survival:
No survival beneﬁts with primary ADT compared
to WW (Lu-Yao 2014).
Increased survival with ADT plus RP compared to
ADT alone (Bekelman 2015).

No survival beneﬁt with primary ADT compared
to WW (Lu-Yao 2014).

Overall survival:

In men with <10 y life expectancy, survival rates
between RP and RT were comparable
(Sun 2014).

Overall survival advantage with RP compared
to BT (Kibel 2012).

Overall survival:

Cancer recurrence and metastasis

No improvement in biochemical recurrence
or metastasis with neoadjuvant ADT
(prior to RP) vs RP alone (Soloway 1995,
Aus 1998, Klotz 1999, Yee 2010).

Superior long-term cancer control with high
dose RT compared to convention RT
(Zietman 2010).

Complications

No difference in perioperative blood loss,
operating time, need for transfusion or length
of stay with neoadjuvant ADT (prior to RP)
when compared to RP alone (Soloway 1995).

Gastrointestinal (GI) and genitourinary (GU)
toxicities did not differ amongst RT dose
schedules (Yeoh 2010).
GI/GU toxicity higher in shorter schedule vs
longer, but late toxicity was low in both
(Lukka 2005).

Side effects and health related quality of life

Compared with EBRT alone, patients who underwent
neoadjuvant ADT with EBRT experienced signiﬁcant
increases in mild to moderate gynecomastia and severe
impotence (in men potent at baseline) (D’Amico 2004).

No differences between RT and WW in terms of fatigue,
nausea/vomiting, and pain symptom scales (Fransson
2001).
RT men shown to have decreased social functioning
compared to WW due to hematuria, urinary incontinence,
mucus, and planning of daily activity because of intestinal
problems (Fransson 2001).
Most common side effects with ADT included hot ﬂashes,
diarrhea, nausea with or without vomiting, and
abnormalities in liver function tests (Soloway 1995).

Comparable disease-speciﬁc urinary, sexual and bowel
outcomes with RT compared to RP (Resnick 2013).

ADT = androgen deprivation therapy, BT = brachytherapy, EBRT = external beam radiation therapy, IMRT = intensity modulated radiation therapy, LRP = laparoscopic radical prostatectomy, PT = proton therapy, RARP = robotic assisted radical prostatectomy, RP = radical prostatectomy,
RT = radiation therapy, WW = watchful waiting.

ADT

RT, EBRT,
IMRT, BT, or
PT

Treatments

Table 2
(continued).
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intermediate-risk group[25] while overall survival advantage was
higher in low and intermediate-risk groups.[25] In contrast, the
US-based Prostate Cancer Intervention Versus Observation Trial
showed no beneﬁts for RP compared to WW in all-cause and
disease-speciﬁc mortality.[28] The recent ProtecT trial reported
that 10-year disease-speciﬁc and all-cause mortality were
comparable across AS, RP, and RT groups.[29]
In one retrospective study, both RP and RT exhibited improved
survival compared to WW in men aged 65 to 80 years and with
low or intermediate-risk.[30] Another retrospective study reported
an approximate 50% reduction in 10 year disease-speciﬁc
mortality compared to WW in patients aged 65 or older.[31]
Disease-speciﬁc survival beneﬁt from RP or RT compared to WW
for early-stage PCa diminished with increasing comorbidity.[32]
In contrast, in another retrospective study, RP did not improve
11 year overall morality compared to WW in older men when
stratiﬁed by age, race, grade, and stage nor did disease-speciﬁc
mortality in those aged 65 or older.[33] Consistent with these
ﬁndings, our pooled analysis showed a reduced risk of diseasespeciﬁc mortality (pooled-HR = 0.48, 95% conﬁdence interval
[CI] = 0.40, 0.58) and all-cause mortality (HR = 0.63, CI = 0.45,
0.87) with RP, compared to WW (Fig. 2).

follow-up.[37] Regardless of tumor stage, RP had improved
survival compared with RT[38] and WW, in patients with >10
years of life expectancy.[39] However, when life expectancy was
<10 years, survival was comparable between RP and RT.[36]
As RT for PCa varies in terms of modality, length, and dosage
schedules and has changed over time, we stratiﬁed comparison
involving RT by modalities. In men without comorbidity, RP
was associated with better overall survival than both brachytherapy (BT) and EBRT.[40] Three other retrospective studies
reported improved overall survival beneﬁt for RP compared to
EBRT.[41,42] The latter study also found a small but signiﬁcant
beneﬁt in disease-speciﬁc survival for RP compared to EBRT.[43]
Similarly, as shown in Fig. 2, our pooled estimates found that
RP was associated with reduced disease-speciﬁc mortality (HR =
0.51, CI = 0.40, 0.65) and all-cause mortality (HR = 0.65, CI =
0.57, 0.74) compared to EBRT.
Although compared to conventional dose EBRT, biochemical
relapse-free survival was improved at 90-months with a
hypofractionated (higher dose of radiation over a shorter time
period) dose schedule, overall survival between RT and EBRT
was comparable.[44] Compared to EBRT, BT was associated with
improved biochemical-free survival in PCa patients with low or
intermediate-risk.[45] Among RT patients, a delay in treatment of
6 months or greater after biopsy was associated with increased
risk of biochemical progression.[46]

3.4. Radical prostatectomy, radiation therapy, and
watchful-waiting
Compared to both external beam radiation therapy (EBRT) and
WW, RP was associated with survival advantage.[34–36] Risk of
disease-speciﬁc mortality post-RP was 68% lower than WW,
and 49% lower than RT.[36] Two other studies also reported
better overall survival for RP than RT or WW over 10 to 15 year

3.5. Androgen deprivation therapy (ADT) alone or in
combination with RT or RP
To date, there is no evidence of any clinical beneﬁt of primary
ADT without RP or RT for localized PCa.[47–50] Compared to

Figure 2. Forrest-plots summarizing meta-analysis results.
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procedures but lower rates of open surgeries.[75] One RCT
reported less toxicity for hypofractionated schedule than for
conventional fractionation schedule.[76] Studies comparing
different forms of RT showed less gastrointestinal morbidity,
fewer hip fractures, but impaired UI and higher rates of ED with
intensity-modulated RT compared with conformal RT.[71,77,78]
Most common adverse effects of ADT were sexual function
side effects including loss of libido and ED,[18] followed by
physiologic effects.[79,80]

RP, primary ADT was associated with higher all-cause and
disease-speciﬁc mortality.[49,51] Although some earlier studies
compared RP with and without ADT,[52–57] currently use of ADT
with RP is not recommended.[17] Neoadjuvant-ADT prior,
during, or post-RT is primarily recommended for high or
intermediate risk groups.[17,58] One retrospective study found
that the optimal duration of ADT was longer than 3 months.[59]
Men undergoing neoadjuvant ADT showed lower diseasespeciﬁc mortality and higher overall survival compared to RT
alone in high and intermediate-risk groups.[60,61]

3.8. Health related quality of life
3.6. Cancer recurrence or metastasis

Compared to RP, WW patients had signiﬁcantly impaired
HRQoL after follow-up of 6 to 8 years.[18] More RP patients
reported ED (80% vs 45%) and UI (49% vs 21%), compared to
WW, and fewer had urinary obstruction (28% vs 44%). Bowel
function, anxiety, depression, well-being, and HRQoL were
comparable between RP and WW patients.[70] In an RCT, RP
patients reported greater psychological effects compared to
WW.[24,27] In a recent ProtecT trial, 5 year patterns of severity,
recovery and decline in urinary, bowel, and sexual functions and
associated HRQoL, differed among AS, RP, and RT patients.[81]
Within RP, HRQoL was comparable between laparoscopic
and RARP groups,[82] whereas RARP reported fewer short-term
adverse outcomes compared to RP.[73] A higher proportion of RP
patients were bothered by urinary function and had a “big” or
“moderate” problem with dripping/leaking urine, compared to
RT patients.[19] Compared to RP patients, those with RT were
more likely to report overall health as fair or poor (22.7% vs
11.5%).[19,83] Despite higher prevalence of bowel complications
in RT compared to RP, proportion of those bothered by frequent,
painful, or urgent bowel movements was comparable across
groups. Except for lower social functioning, RT and RP patients
reported similar HRQoL, compared to WW.[84] Patients with
EBRT had HRQoL similar to RP patients,[19] while, HRQoL was
adversely affected by ADT.[18]
An RCT comparing hypofractionated and conventional
radiotherapy showed comparable outcomes for urinary, bowel,
and sexual symptom burden.[85]

There are few comparative effectiveness studies with recurrence
as primary endpoint. Two qualifying studies found higher
recurrence/metastatic disease in WW compared to RP patients. In
localized tumor patients, bone metastases were less common in
RP (4.7%) compared to WW patients (10.6%).[28] A study with
15-year follow-up found that 21.7% of RP versus 33.4% of WW
patients had distant metastasis.[25,26,62]
3.7. Treatment complications and side effects
No difference in perioperative results and complications were
observed between laparoscopic and robot assisted radical
prostatectomy (RARP) patients.[63] Although 1 trial found
comparable rates of 60 and 90 day complications in RP or
RARP patients,[64] most studies found RARP associated with
fewer adjusted perioperative outcomes compared to open
RP.[65,66] In one trial, RARP offered slightly better results for
positive tumor margins, major complications, urinary continence, and erectile function, compared to open retro-pubic
RP.[67] However, in a recent RCT, functional outcomes were
comparable at 3 months follow-up for RARP and RP.[68]
Another study reported beneﬁt of RARP in improving surgical
margin status relative to open RP for intermediate and high-risk
disease and less use of ADT and RT post-RP.[69] In one RCT
comparing RP alone to RP preceded by ADT, there was no group
difference in operating time, blood loss, need for transfusion,
postoperative morbidity, or length of stay.[54]
Prevalence of erectile dysfunction (ED), urinary incontinence
(UI), bowel dysfunction (eg, constipation, fecal urgency, blood/
mucus in stool, incontinence, and diarrhea), and symptoms related
distress was higher in RP compared to WW patients.[24,70]
Although WW patients had high prevalence of satisfactory erectile
function, they had weaker urinary streams and more negative
psychological symptoms compared to RP patients.[70] Despite
comparable need for frequent urination, a higher proportion of RP
patients reported leaking urine ≥2 per day and wearing pads
compared to RT patients.[19] Men undergoing RP were more likely
to suffer from UI and ED, compared to RT patients.[35,40,71]
Compared to laparoscopic-RP and open-RP, RARP had better
short-term outcomes, continence, and erectile function.[63,72,73]
Compared to RP, those with RT experienced more bowel
symptoms, with twice as many RT patients reporting diarrhea,
bowel urgency, or painful hemorrhoids.[19] Bowel dysfunction
was most prominent within 4 months of treatment, and improved
somewhat overtime.[19] Gastrointestinal and genitourinary
toxicity persisted up to 60 months post-RT, and did not differ
by dose schedules.[44,74] However, a recent study using the
Surveillance, Epidemiology, and End Results-Medicare data
showed that those treated with RT rather than RP had higher
rates of complications requiring urologic and rectal–anal

3.9. Satisfaction with care and decision regret
A lower proportion of RP patients reported being delighted,
satisﬁed, or pleased with their treatment decision, compared to
RT patients (81% vs 90%).[19] However, 92% of all patients said
they would make the same treatment decision again.[19] Decision
regret was comparable in surgical patients undergoing open-RP
or RARP.[82]

4. Discussion
Inadequate information exists about comparative effectiveness of
alternative treatment options, especially for patient-centered
outcomes beyond survival, and thus inhibits optimal PCa
care.[13,86] Focus of this meta-analysis was on the comparative
effectiveness of PCa treatment studies that include outcomes most
important to patients for decision making, that is, symptomology, functional status, and HRQoL, in addition to survival and
cancer recurrence.[61] Our systematic review revealed relatively
few studies with patient-centered approach for assessing outcomes. Although low-risk PCa has small effect on mortality, most
studies qualiﬁed for inclusion in our review compared mortality,
often with inadequate statistical power. For low-risk patients, we
noted that compared to RP alone, ADT alone or when
11
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Additionally, we excluded studies with chemotherapy because
chemotherapy is mainly used for advanced or metastatic disease.
Newer treatments such as proton therapy and stereotactic-body
were not included due to lack of comparative evidence on
mortality and other patient-centered outcomes. Finally, as the
treatments for localized PCa are changing rapidly, WW is being
replaced by AS and therefore more studies of comparative
effectiveness of AS are needed.

administered prior to RP, did not provide a mortality beneﬁt.
However, for intermediate risk patients, though primary ADT
has no survival beneﬁt, neoadjuvant ADT (prior to RT) improved
survival compared to RT alone for selected patients. For both
low-risk and high-risk patients, RP was associated with reduced
risk of metastases compared to WW. For low- and intermediaterisk groups, among RT modalities, BT was associated with
improved biochemical-free survival compared to EBRT.
Treatment-related complications are common after RP or RT.
Compared with RP, RT is associated with higher risk of
hospitalization, increased need for open surgical procedures, and
development of secondary malignancy, mostly of the bladder and
rectum.[87] Although RP showed a survival advantage for all 3
risk groups, RP had greater risk of side effects compared to WW,
especially ED and urinary leakage. ED following RP often
improves over time, as opposed to RT where symptoms appear
gradually and worsen with time. Open-RP and RARP showed
similar peri- and postoperative short-term functional outcomes.[68] Compared to RP, RT patients reported overall health
as fair or poor, and comparable decision regrets.[19] Men with
multiple comorbidities are at risk for overtreatment, especially
those with early-stage PCa.[32] Survival beneﬁt associated with
RP or RT decreased exponentially with increasing comorbidity.[32] Despite important implications for treatment choice,
comorbidity remains understudied. Additionally, in the absence
of strong evidence of beneﬁts and harms, ADT for localized-PCa
has limited value. Because of substantial PSA screening in the US,
number of men who are candidates for AS is increasing.[88]
However, since 1990, the percentage of men initially managed
with observation has remained at approximately 9%.[88]
Furthermore, a greater proportion of low-risk patients are
undergoing treatment with advanced technologies including
intensity-modulated RT and RARP, adding to the cost of treating
disease that could otherwise be managed with AS.[88]

5. Conclusions
Active patient participation is central to medical decisionmaking. Patient-centered care is a challenge for physicians
who have limited time, receive little relevant training, and often
are disincentivized to engage in shared decision-making. Our
comparative effectiveness study is novel in that to our knowledge,
it represents the ﬁrst patient-centered approach to summarize and
stratify the existing literature by PCa risk groups and will
facilitate informed decision-making. AS is emerging as an
alternative management strategy for PCa. In a new RCT, AS
was comparable in-terms of disease-speciﬁc and all-cause
mortality, though had higher incidence of disease progression,
metastasis, and differential HRQoL outcomes compared to
surgery and RT.[2,29,81,97] RP has shown to improve survival
across all risk groups but with undesirable short-term HRQoL
outcomes. Although RT is comparable to RP for intermediate
and high-risk patients, there is lack of evidence regarding
effectiveness of ADT. Our study demonstrates the dearth of
comparative effectiveness studies for patient-centered outcomes.
Future research must focus on integrating patient-centered
outcomes to facilitate shared decision-making in PCa care.
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4.1. Limitations
The shift in PCa risk induced by PSA screening may account for
the lack of beneﬁt observed in the Prostate Cancer Intervention
Versus Observation Trial that showed no overall or PCa-speciﬁc
survival beneﬁt to RP compared to WW after 12-year followup.[26] However, the Scandinavian Prostate Cancer Group Trial
Number-4 randomized trial of RP versus WW, initiated in
Scandinavia before PSA screening era, showed beneﬁts to active
treatment.[24] Although men are still diagnosed due to symptoms,
this number has drastically declined since routine adoption of
PSA-screening.[89–92] Pathological classiﬁcation of PCa and the
Gleason grading system was updated in 2005 and often varies
between sites.[93] Thus, PCa risk classiﬁcation has changed
throughout the timeline of our review which emphasizes the need
for updated studies on current treatment options. Despite
numerous publications related to localized PCa treatment and
outcomes, the overall methodological quality and lack of
comparative groups limited our synthesis due to exclusion of
some important studies. As we only discussed comparative
treatments for localized PCa, studies with stage T3b or higher
were excluded. Although these studies met our clinical stage
inclusion criteria, results were not stratiﬁed by risk or grade, and
therefore could not be separated for localized tumors. Three large
RCTs that were excluded due to staging criteria were the
hypofractionated versus conventionally fractionated radiotherapy for patients with localized prostate cancer, Radiation Therapy
Oncology Group 92-02, and European Organisation for

References
[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin
2017;67:7–30.
[2] Filson CP, Marks LS, Litwin MS. Expectant management for men with
early stage prostate cancer. CA Cancer J Clin 2015;65:264–82.
[3] Wilt TJ, MacDonald R, Rutks I, et al. Systematic review: comparative
effectiveness and harms of treatments for clinically localized prostate
cancer. Ann Intern Med 2008;148:435–48.
[4] Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA
Cancer J Clin 2015;65:87–108.
[5] Abdollah F, Sun M, Schmitges J, et al. Survival beneﬁt of radical
prostatectomy in patients with localized prostate cancer: estimations of
the number needed to treat according to tumor and patient characteristics. J Urol 2012;188:73–83.
[6] Cooperberg MR, Carroll PR. Trends in management for patients with
localized prostate cancer, 1990–2013. JAMA 2015;314:80–2.
[7] Heidenreich A, Bastian PJ, Bellmunt J, et al. EAU guidelines on prostate
cancer. Pt 1: screening, diagnosis, and local treatment with curative
intent-update 2013. Eur Urol 2014;65:124–37.
[8] Wolf AMD, Wender RC, Etzioni RB, et al. American Cancer Society
guideline for the early detection of prostate cancer: update 2010. CA
Cancer J Clin 2010;60:70–98.
[9] Carter HB, Albertsen PC, Barry MJ, et al. Early detection of prostate
cancer: AUA guideline. J Urol 2013;190:419–26.
[10] Berger ML, Mamdani M, Atkins D, et al. Good research practices for
comparative effectiveness research: deﬁning, reporting and interpreting
nonrandomized studies of treatment effects using secondary data
sources: The ISPOR Good Research Practices for Retrospective Database
Analysis Task Force Report – Part I. Value Health 2009;12:1044–52.

12

Jayadevappa et al. Medicine (2017) 96:18

www.md-journal.com

[11] Wallis CJD, Saskin R, Choo R, et al. Surgery versus radiotherapy for
clinically-localized prostate cancer: a systematic review and metaanalysis. Eur Urol 2015;68:216–25.
[12] Xiong T, Turner RM, Wei Y, et al. Comparative efﬁcacy and safety of
treatments for localised prostate cancer: an application of network metaanalysis. BMJ Open 2014;4:1–2.
[13] Jayadevappa R, Chhatre S, Gallo JJ, et al. Treatment preference and
patient centered prostate cancer care: design and rationale. Contemp Clin
Trials 2015;45:296–301.
[14] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. J Clin
Epidemiol 2009;62:1006–12.
[15] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann
Intern Med 2009;151:264–9.
[16] Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting, Meta-analysis of
Observational Studies in Epidemiology (MOOSE) group. JAMA
2000;283:2008–12.
[17] Mohler JL, Armstrong AJ, Bahnson RR, et al. Prostate cancer, Version
3.2012: featured updates to the NCCN guidelines. J Natl Compr Canc
Netw 2012;10:1081–7.
[18] Johansson E, Bill-Axelson A, L H, et al. Time, symptom burden,
androgen deprivation, and self-assessed quality of life after radical
prostatectomy or watchful waiting: The Randomized Scandinavian
Prostate Cancer Group Study Number 4 (SPCG-4) Clinical Trial. Eur
Urol 2009;55:422–30.
[19] Potosky AL, Legler J, Albertsen PC, et al. Health outcomes after
prostatectomy or radiotherapy for prostate cancer: results from
the prostate cancer outcomes study. J Nat Cancer Inst 2000;92:
1582–92.
[20] Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557–60.
[21] Borenstein M, Hedges LV, Higgins JPT, et al. Fixed Effects Versus
Random Effects Models. Introduction to Meta-Analysis. West Sussex,
UK: Wiley; 2009.
[22] Sterne JA, Sutton AJ, Ioannidis JP, et al. Recommendations for
examining and interpreting funnel plot asymmetry in meta-analyses of
randomised controlled trials. BMJ 2011;343:d4002.
[23] D’Amico AV, Whittington R, Malkowicz SB, et al. Biochemical outcome
after radical prostatectomy, external beam radiation therapy, or
interstitial radiation therapy for clinically localized prostate cancer.
JAMA 1998;280:969–74.
[24] Holmberg L, Bill-Axelson A, Helgesen F, et al. A randomized trial
comparing radical prostatectomy with watchful waiting in early prostate
cancer. N Engl J Med 2012;347:781–9.
[25] Bill-Axelson A, Holmberg L, Filen F, et al. Radical Prostatectomy versus
watchful waiting in localized prostate cancer: the Scandinavian prostate
cancer group-4 Randomized trial. J Natl Cancer Inst 2008;100:1144–54.
[26] Bill-Axelson A, Holmberg L, Garmo H, et al. Radical prostatectomy or
watchful waiting in early prostate cancer. N Engl J Med 2014;370:
932–42.
[27] Holmberg L, Bill-Axelson A, Steineck G, et al. Results from the
Scandinavian Prostate Cancer Group Trial Number 4: a randomized
controlled trial of radical prostatectomy versus watchful waiting. J Natl
Cancer Inst 2012;45:230–3.
[28] Wilt TJ, Brawer MK, Jones KM, et al. Radical prostatectomy versus
observation for localized prostate cancer. N Engl J Med 2012;367:
203–13.
[29] Hamdy FC, Donovan JL, Lane JA, et al. 10-Year outcomes after
monitoring, surgery, or radiotherapy for localized prostate cancer. N
Engl J Med 2016;1–0.
[30] Wong YN, Mitra N, Hudes G, et al. Survival associated with treatment
vs observation of localized prostate cancer in elderly men. JAMA
2006;296:2683–93.
[31] Abdollah F, Sun M, Schmitges J, et al. Cancer-speciﬁc and other-cause
mortality after radical prostatectomy versus observation in patients with
prostate cancer: competing-risks analysis of a large North American
population-based cohort. Eur Urol 2011;60:920–30.
[32] Daskivich TJ, Lai J, Dick AW, et al. Urologic Diseases in America Project.
Cancer 2014;120:2432–9.
[33] Basu A, Gore JL. Are elderly patients with clinically localized prostate
cancer overtreated? Exploring heterogeneity in survival effects. Med
Care 2015;53:79–86.
[34] Albertsen PC, Hanley JA, Penson DF, et al. 13-Year outcomes following
treatment for clinically localized prostate cancer in a population based
cohort. J Urol 2007;77:932–6.

[35] Lee JY, Cho KS, Kwon JK, et al. Competing risk analysis of cancerspeciﬁc mortality of initial treatment with radical prostatectomy versus
radiation therapy in clinically localized high-risk prostate cancer. A Ann
Surg Oncol 2014;21:4026–33.
[36] Tewari A, Divine G, Chang P, et al. Long-term survival in men with high
grade prostate cancer: a comparison between conservative treatment,
radiation therapy and radical prostatectomy – a propensity scoring
approach. J Urol 2007;177:911–5.
[37] Sooriakumaran P, Nyberg T, Haendler L, et al. Comparative effectiveness of radical prostatectomy and radiotherapy in prostate cancer
observational study of mortality outcomes. BMJ 2014;348:1–3.
[38] Krygiel JM, Smith DS, Homan SM, et al. Intermediate term biochemical
progression rates after RP and RT in patients with screen detected
prostate cancer. J Urol 2005;174:126–30.
[39] Sun M, Sammon JD, Becker A, et al. Radical prostatectomy vs
radiotherapy vs observation among older patients with clinically
localized prostate cancer: a comparative effectiveness evaluation. BJU
Int 2014;113:200–8.
[40] Nepple KG, Stephenson AJ, Kallogjeri D, et al. Mortality after prostate
cancer treatment with radical prostatectomy, external-beam radiation
therapy, or brachytherapy in men without comorbidity. Eur Urol
2013;64:372–8.
[41] Hoffman RM, Koyama T, Fan K, et al. Mortality after radical
prostatectomy or external beam radiotherapy for localized prostate
cancer. J Natl Cancer Inst 2013;105:711–8.
[42] Hoffman RM, Penson DF, Zietman AL, et al. Comparative effectiveness
research in localized prostate cancer treatment. J Comp Eff Res
2013;2:583–93.
[43] Kibel AS, Ciezki JP, Klei EA, et al. Survival among men with clinically
localized prostate cancer treated with radical prostatectomy or radiation
therapy in the prostate speciﬁc antigen era. J Urol 2012;187:1259–65.
[44] Yeoh EE, Botten RJ, Butters J, et al. Hypofractionated versus
conventially fractionated radiotherapy for prostate carcinoma: ﬁnal
results of a III randomized trial. Int J Radiat Oncol Biol Phys
2011;81:1271–8.
[45] Smith GD, Pickles T, Crook J, et al. Brachytherapy improves biochemical
failure free survival in low- and intermediate-risk prostate cancer
compared with conventionally fractionated external beam radiation
therapy: a propensity score matched analysis. Int J Radiat Oncol Biol
Phys 2015;1–2.
[46] Nakayama H, Kanemoto A, Kikuchi K, et al. Delayed radiotherapy for
patients with localized prostate cancer: validation by propensity score
matching. Anticancer Res 2013;33:1629–33.
[47] Dalkin BL, Ahmann FR, Nagle R, et al. Randomized study of
neoadjuvant testicular androgen ablation therapy before RP in men
with clinically localized prostate cancer. J Urol 1996;155:1357–60.
[48] Bekelman JE, Mitra N, Handorf EA, et al. Effectiveness of androgendeprivation therapy and radiotherapy for older men with locally
advanced prostate cancer. J Clin Oncol 2015;33:716–22.
[49] Liu J, Shi L, Sartor O, et al. Androgen-deprivation therapy versus radical
prostatectomy as monotherapy among clinically localized prostate
cancer patients. Onco Targets Ther 2013;6:725–32.
[50] Lu-Yao GL, Albertsen PC, Moore DF, et al. Fifteen-year survival
outcomes following primary androgen-deprivation therapy for localized
prostate cancer. JAMA Intern Med 2014;1–8.
[51] Merglen A, Schmidlin F, Fioretta G, et al. Short- and long-term mortality
with localized prostate cancer. Arch Intern Med 2007;167:1944–50.
[52] Van Poppel H, De Ridder D, Elgamal AA, et al. Neoadjuvant Hormonal
therapy before radical prostatectomy decreases the number of positive
surgical margins in stage T2 prostate cancer: interim results of a
prospective randomized trial. J Urol 1995;154:429–34.
[53] Goldenberg SL, Klotz LH, Srigley J, et al. Randomized, prospective,
controlled study comparing radical prostatectomy alone and neoadjuvant androgen withdrawal in the treatment of localized prostate
cancer. Canadian Urologic Oncology Group. J Urol 1996;156:873–7.
[54] Soloway MS, Shariﬁ R, Wajsma Z, et al. Randomized prospective study
comparing radical prostatectomy alone versus radical prostatectomy
preceded by androgen blockade in clinical statge B2 (T2bNxMO)
prostate cancer. J Urol 1995;154:424–8.
[55] Klotz LH, Goldenberg SL, Jewett M, et al. CUOG randomized trial of
neoadjuvant androgen ablation before radical prostatectomy: 36-month
post-treatment PSA results. J Urol 1999;53:757–63.
[56] Aus G, Abrahamsson PA, Ahlgren G, et al. Hormonal treatment before
radical prostatectomy: a 3-year follow-up. J Urol 1998;159:2013–201.
[57] Yee DS, Lowrance WT, Eastham JA, et al. Long-term follow-up of 3month neoadjuvant hormone therapy before radical prostatectomy in a
randomized trial. BJU Int 2010;105:185–90.

13

Jayadevappa et al. Medicine (2017) 96:18

Medicine

[77] Sheets NC, Goldin GH, Meyer AM, et al. Intensity-modulated radiation
therapy, proton therapy, or conformal radiation therapy and morbidity
and disease control in localized prostate cancer. JAMA 2012;307:
1611–20.
[78] Zietman AL, et al. Randomized trial comparing conventional-dose with
high-dose conformal radiation therapy in early-stage adenocarcinoma of
the prostate: long-term results from Proton Radiation Oncology Group/
American College of Radiology. J Clin Oncol 2010;28:1106–11.
[79] Higano CS. Intermittent versus continuous androgen deprivation
therapy. J Natl Compr Canc Netw 2014;12:727–33.
[80] D’amico AV, Manola J, Loffredo M, et al. 6-Month androgen
suppression plus radiation therapy vs radiation therapy alone for
patients with clinically localized prostate cancer: a randomized
controlled trial. JAMA 2004;292:821–7.
[81] Donovan JL, Hamdy FC, Lane JA. Patient-reported outcomes after
monitoring, surgery, or radiotherapy for prostate cancer. N Engl J Med
2016;1–4.
[82] Davison BJ, Matthew A, Gardner AM. Prospective comparison of the
impact of robotic-assisted laparoscopic radical prostatectomy versus
open radical prostatectomy on health related quality of life and decision
regret. Can Urol Assoc J 2014;8:e68–72.
[83] Resnick M, Koyama T, Fan K, et al. Long-term functional outcomes after
treatment for localized prostate cancer. N Engl J Med 2013;368:436–45.
[84] Fransson P, Damber JE, Tomic R, et al. Quality of life and symptoms in a
randomized trial of radiotherapy versus deferred treatment of localized
prostate carcinoma. Cancer 2011;92:3111–9.
[85] Hoffman KE, Skinner H, Pugh TJ, et al. Patient-reported urinary, bowel,
and sexual function after hypofractionated intensity-modulated radiation therapy for prostate cancer results from a randomized trial. Am J
Clin Oncol 2016;1–0.
[86] Balogh EP, et al. Patient-centered treatment planning: Improving the
quality of oncology care. Summary of an Institute of Medicine
Workshop. The Oncologist 2011;16:1800–5.
[87] Wallis CJD, Herschorn S, Saskin R, et al. Complications after radical
prostatectomy or radiotherapy for prostate cancer: results of a populationbased, propensity score matched analysis. Urology 2015;85:621–8.
[88] Brooks JD. Managing localized prostate cancer in the era of prostatespeciﬁc antigen screening. Cancer 2013;119:3906–9.
[89] Newcomb LF, Brooks JD, Carroll PR, et al. Canary Prostate Active
Surveillance Study: design of a multi-institutional active surveillance
cohort and biorepository. Urology 2010;75:407–13.
[90] Stamey TA, Caldwell M, McNeal JE, et al. The prostate speciﬁc antigen
era in the United States is over for prostate cancer: what happened in the
last 20 years? J Urol 2004;172(4 pt 1):1297–301.
[91] Jacobs BL, Zhang Y, Schroeck FR, et al. Use of advanced treatment
technologies among men at low risk of dying from prostate cancer.
JAMA 2013;309:2587–95.
[92] Gulati R, Mariotto AB, Chen S, et al. Long-term projections of the harmbeneﬁt trade-off in prostate cancer screening are more favorable than
previous short-term estimates. J Clin Epidemiol 2011;64:1412–7.
[93] Epstein JI. An update of the Gleason grade system. J Urol 2010;183:
433–40.
[94] Aluwini S, Busser WMH, Alemayehu WG, et al. Toxicity and quality of
life after high-dose-rate brachytherapy as monotherapy for low- and
intermediate-risk prostate cancer. Radiother Oncol 2015;117:252–7.
[95] Bolla M, de Reijke TM, Tienhoven GV, et al. Duration of androgen
suppression in the treatment of prostate cancer. N Engl J Med
2009;360:2516–27.
[96] Hanks GE, Pajak TF, Porter A, et al. Phase III trial of long-term adjuvant
androgen deprivation after neoadjuvant hormonal cytoreduction and
radiotherapy in locally advanced carcinoma of the prostate: The
Radiation Therapy Oncology Group Protocol 92–02. J Clin Oncol
2003;21:3972–8.
[97] Chamie K, Williams SB, Hu JC, et al. Population-based assessment of
determining treatments for prostate cancer. JAMA Oncol 2015;1–8.

[58] Roach MIII. Current trends for the use of androgen deprivation therapy
in conjunction with radiotherapy for patients with unfavorable
intermediate-risk, high-risk, localized, and locally advanced prostate
cancer. Cancer 2014;1–0.
[59] Gleave MG, Goldernmber SL, Chin JL, et al. Randomized comparative
study of 3 versus 8-month neoadjuvant hormonal therapy before radical
prostatectomy: biochemical and pathological effects. J Urol 2001;166:
500–7.
[60] Jones CU, Hunt D, McGowan DG, et al. Radiotherapy and short-term
androgen deprivation for localized prostate cancer. N Engl J Med
2011;365:107–18.
[61] D’Amico AV, Chen MH, Renshaw AA, et al. Androgen suppression and
radiation vs radiation alone for prostate cancer: a randomized trial.
JAMA 2008;299:289–95.
[62] Bill-Axelson A, Holmberg L, Ruutu M, et al. Radical prostatectomy
versus watchful waiting in early prostate cancer. N Engl J Med
2011;364:1708–17.
[63] Porpiglia F, Morra I, Chiarissi ML, et al. Randomised controlled trial
comparing laparoscopic and robot-assisted radical prostatectomy. Eur
Urol 2013;63:606–14.
[64] Gandaglia G, Sammon SD, Chang SL, et al. Comparative effectiveness of
robot-assisted and open radical prostatectomy in the post dissemination
era. J Clin Oncol 2014;32:1419–26.
[65] Trinh Q-D, Sammona J, Sun M, et al. Perioperative outcomes of robotassisted radical prostatectomy compared with open radical prostatectomy: results from the nationwide inpatient sample. Eur Urol 2012;61:
679–85.
[66] Magheli A, Gonzalgo ML, Su LM, et al. Impact of surgical technique
(open vs laparoscopic vs robotic-assisted) on pathological and
biochemical outcomes following radical prostatectomy: an analysis
using propensity score matching. BJU Int 2010;107:1956–62.
[67] DiPierro GB, Baumeister P, Stucki P, et al. A prospective trial comparing
consecutive series of open retropubic and robot-assisted laparoscopic
radical prostatectomy in a centre with a limited caseload. Eur Urol
2011;59:1–6.
[68] 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;388:1057–66.
[69] Hua JC, Gandaglia G, Karakiewicz PI, et al. Comparative effectiveness of
robot-assisted versus open radical prostatectomy cancer control. Eur
Urol 2014;66:666–72.
[70] Steineck G, Helgesen F, Adolfsson J, et al. Quality of life after
radical prostatectomy or watchful waiting. N Engl J Med 2002;347:
790–6.
[71] Crandley EF, Hegarty SE, Hyslop T, et al. Treatment-related
complications of radiation therapy after radical prostatectomy: comparative effectiveness of intensity-modulated versus conformal radiation
therapy. Cancer Med 2014;3:397–405.
[72] Asimakopoulos AD, Pereira Fraga CT, Annino F, et al. Randomized
comparison between laparoscopic and robot-assisted nerve-sparing
radical prostatectomy. J Sex Med 2011;8:1503–12.
[73] Wallerstedt A, Tyritzis ST, Thorsteinsdottir T, et al. Short-term results
after robot-assisted laparoscopic radical prostatectomy compared to
open radical prostatectomy. Eur Urol 2015;67:660–70.
[74] Lukka H, Hayter C, Julian JA, et al. Randomized trial comparing two
fractionation schedule for patients with localized prostate cancer. J Clin
Oncol 2005;23:6132–8.
[75] Wallis CJD, Mahar A, Cheung P, et al. New rates of interventions to
manage complications of modern prostate cancer treatment in older men.
Eur Urol 2016;69:933–41.
[76] Norkus D, et al. A randomized trial comparing hypofractionated and
conventionally fractionated three-dimensional EBRT for localized
prostate adenocarcinoma: a report on acute toxicity. Strahlenther Onkol
2009;185:715–21.

14

