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Abstract

Purpose: Utilization of stereotactic body radiation therapy (SBRT) for treatment of localized 

prostate cancer is increasing. Guidelines and payers variably support the use of prostate SBRT. We 

therefore sought to systematically analyze biochemical recurrence-free survival (bRFS), 

physician-reported toxicity, and patient-reported outcomes after prostate SBRT.

Methods and Materials: A systematic search leveraging Medline via PubMed and EMBASE 

for original articles published between January 1990 and January 2018 was performed. This was 

supplemented by abstracts with sufficient extractable data from January 2013 to March 2018. All 

prospective series assessing curative-intent prostate SBRT for localized prostate cancer reporting 

Reprint requests to: Daniel E. Spratt, MD, University of Michigan Medical Center, Department of Radiation Oncology, 1500 East 
Medical Center Dr, Ann Arbor, MI 48109-0010. Tel: (734) 647-1372; sprattda@med.umich.edu. 

Note—An online CME test for this article can be taken at https://academy.astro.org.

Supplementary material for this article can be found at https://doi.org/10.1016/j.ijrobp.2019.03.051.
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bRFS, physician-reported toxicity, and patient-reported quality of life with a minimum of 1-year 

follow-up were included. The study was performed according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses statement. Meta-analyses were performed with random-

effect modeling. Extent of heterogeneity between studies was determined by the I2 and Cochran’s 

Q tests. Meta-regression was performed using Hartung—Knapp methods.

Results: Thirty-eight unique prospective series were identified comprising 6116 patients. Median 

follow-up was 39 months across all patients (range, 12-115 months). Ninety-two percent, 78%, 

and 38% of studies included low, intermediate, and high-risk patients. Overall, 5- and 7-year bRFS 

rates were 95.3% (95% confidence interval [CI], 91.3%-97.5%) and 93.7% (95% CI, 

91.4%-95.5%), respectively. Estimated late grade ≥3 genitourinary and gastrointestinal toxicity 

rates were 2.0% (95% CI, 1.4%-2.8%) and 1.1% (95% CI, 0.6%-2.0%), respectively. By 2 years 

post-SBRT, Expanded Prostate Cancer Index Composite urinary and bowel domain scores returned 

to baseline. Increasing dose of SBRT was associated with improved biochemical control (P = .018) 

but worse late grade ≥3 GU toxicity (P = .014).

Conclusions: Prostate SBRT has substantial prospective evidence supporting its use, with 

favorable tumor control, patient-reported quality of life, and levels of toxicity demonstrated. SBRT 

has sufficient evidence to be supported as a standard treatment option for localized prostate cancer 

while ongoing trials assess its potential superiority.

Summary

Stereotactic body radiation therapy (SBRT) is increasingly being utilized in the treatment of 

localized prostate cancer. We performed a systematic review and meta-analysis of over 6000 men 

treated with prostate SBRT on prospective studies, assessing biochemical disease control, patient-

reported quality of life, and acute and late treatment-related toxicity. We demonstrate that prostate 

SBRT provides excellent disease control, favorable patient-reported quality of life and results in 

minimal serious acute or late toxicity.

Introduction

Prostate cancer is the most common cancer diagnosed in men in the United States, and as 

such, it contributes greatly to the national health care expenditure on cancer care.1,2 External 

beam radiation therapy is an effective curative treatment option for men with localized 

prostate cancer and has traditionally been delivered with small daily doses of radiation 

therapy over 8 to 9 weeks. A fundamental reason that radiation therapy was historically 

delivered in small doses over many fractions was the inability to spatially spare normal 

tissues adjacent to the high-dose target volume. Normal tissues generally are better able to 

tolerate smaller doses of radiation delivered over many weeks, and thus conventional 

fractionation results in a therapeutic window whereby toxicity to normal tissue is acceptable 

while still providing tumor control. A serious drawback to this treatment approach is that the 

high number of fractions increases health care costs compared with shorter treatment 

durations and also creates burdens and logistical challenges for patients.3

Prostate cancer is also radiobiologically unique in that it has a low alpha-to-beta ratio, which 

suggests that the therapeutic ratio should favor hypofractionation (larger doses per fraction 

with fewer total fractions).4 Fortunately, imaging and treatment technologies have markedly 
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improved over the past 3 decades and now allow the ability to substantially reduce doses 

delivered to the rectum and bladder when treating prostate cancer. This has provided the 

opportunity to study varying degrees of hypofractionated treatment regimens and has 

inspired numerous clinical trials assessing the optimal dose per fraction when treating 

prostate cancer with radiation therapy.5–12 These trials have demonstrated that moderate 

hypofractionation (eg, 20 treatments) has comparable efficacy and toxicity data to the 

conventional ≥37 treatments of radiation therapy.5–12 Stereotactic body radiation therapy 

(SBRT) represents an extreme form of hypofractionation in which treatment is usually 

delivered in 4-7 fractions. Development and optimization of this ultrahypofractionation 

technique over the last 20 years has resulted in incorporation of SBRT into routine clinical 

practice, and SBRT is now a standard-of-care treatment option for many tumors of the lung, 

brain, spine, liver, and pancreas.

In prostate cancer, there have been multiple phase 1, 2, and even phase 3 trials assessing 

SBRT, and these demonstrate a similar toxicity profile and noninferior disease control 

compared with conventionally fractionated radiation therapy.13–47 Despite this recent surge 

of data to support SBRT, select organizations have yet to update their guidelines to support 

the adoption of SBRT in the treatment of prostate cancer. For example, the American 

Society for Radiation Oncology, American Urological Association, and American Society of 

Clinical Oncology released their guidelines for the treatment of prostate cancer with hypo-

fractionated radiation therapy and stated there is “low” quality of evidence for SBRT for 

intermediate and high-risk prostate cancer based on what they determined to be a paucity of 

prospective data,48 although they do acknowledge that SBRT may be offered for men with 

intermediate risk disease, with a preference for treatment as part of a clinical trial or multi-

institutional registry. This inspired our group to conduct an independent systematic review 

and meta-analysis of all prospective studies performed and published or presented to date to 

comprehensively assess outcomes after prostate cancer SBRT including tumor control, 

toxicity, and patient-reported quality of life (QOL).

Methods and Materials

Search strategy and study selection

This systematic review and meta-analysis was performed in accordance with the Preferred 

Reporting Items for Systematic Review and Meta-Analyses guidelines.49 A systematic 

literature search was performed using the MEDLINE (via PubMed) and EMBASE electronic 

databases and supplemented with review of national meeting abstracts. Prostate SBRT was 

defined as treatment delivered over less than 10 treatments with greater than or equal to 5 Gy 

per fraction. Search terms included “prostate” and “cancer” and “radiation or radiotherapy” 

and “stereotactic or hypofractionated.” Only findings published in English between January 

1990 and January 2018 were considered for inclusion from the electronic database search, 

and abstracts from scientific meetings were limited to those published in English from 

January 2010 through March 2018. Studies were only included if they clearly stated they 

were prospective. In addition, only studies including at least 20 patients with average follow-

up greater than or equal to 12 months and reporting on biochemical recurrence-free survival 

(bRFS), acute or late toxicity, or QOL were considered. The Preferred Reporting Items for 
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Systematic Review and Meta-Analyses flow diagram is shown in Figure E1 (available at 

https://doi.org/10.1016/j.ijrobp.2019.03.51) with records from each step independently 

reviewed by W.C.J and D.E.S.

Data extraction

W.C.J and D.E.S independently extracted data from the 38 identified studies.13–35,37–47,50–68 

Variables extracted included study and patient-level characteristics, such as study type, phase 

of trial, sample size, dose per fraction, fraction number, duration of follow-up, age, clinical 

tumor stage, baseline prostate-specific antigen, National Comprehensive Cancer Network 

(NCCN)69 risk group of enrolled patients, receipt of androgen-deprivation therapy (ADT), 

bRFS, physician-reported toxicity, and patient-reported QOL, if reported. Individual patient 

data was not used. Outcomes for each endpoint were extracted, and the scales used for QOL 

and toxicity reporting were collected.

Endpoint definitions

Primary endpoints of the study included 5-year overall bRFS, physician-reported acute and 

late grade ≥3 toxicity for both genitourinary (GU) and gastrointestinal (GI) domains, and 

patient-reported QOL using the Expanded Prostate Cancer Index Composite (EPIC-26)70 for 

urinary, bowel, and sexual domain subscales.70 Secondary analyses were preplanned and 

included a meta-regression of the impact of covariables on bRFS and late toxicity.

Sensitivity analyses were performed for late toxicity. Because late toxicity is a time-

dependent event occurring beyond 3 months post-SBRT, we performed analyses, including 

all studies and also restricted to studies with a minimum of 5-year median follow-up.

Statistical analysis and reporting risk of bias

For meta-analyses, both a random-effects model and a fixed-effects model were generated. 

The extent of heterogeneity was significant, and as such, a random-effects model was chosen 

and reported for all meta-analyses. Extent of heterogeneity between studies was assessed 

with Cochran’s Q test and an I2 test. Study weighting was based on the inverse of the 

variance rather than sample size because the inverse variance serves to minimize the 

variance of the combined effect. Meta-regression was performed using Hartung—Knapp 

methods to determine factors associated with bRFS and late toxicity. Covariables used in the 

model for bRFS included NCCN risk group, percent of cohort using ADT, and prescribed 

dose (expressed as biologically equivalent dose [BED] using an alpha-to-beta ratio of 2.5). 

Only BED was used in the late GI and GU toxicity models.

Publication bias was assessed using studies that reported 5-year bRFS and those reporting 

late grade ≥3 GI and GU toxicity with funnel plots and Egger’s tests. To estimate the 

adjusted outcome rate when correcting for publication bias, the Duval and Tweedie trim-

and-fill method was used. To generate modeled bRFS curves, random-effects modeling was 

performed to estimate bRFS at 1, 2, 3, 5, 7, and 10 years post-SBRT. All statistical analyses 

were performed by using Comprehensive Meta-Analysis v3 software (Biostat, Englewood, 

NJ). All P values were 2-tailed with significance set at P = .05.
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Results

A total of 2265 unique studies were identified using our search strategy. After screening, 158 

full-text articles and abstracts were reviewed for eligibility. Thirty-eight studies met 

eligibility criteria for quantitative analysis, composed of 6116 patients (Table 1, Fig. E1, 

Table E1, available at https://doi.org/10.1016/j.ijrobp.2019.03.051). Twenty-two studies 

were clinical trials, of which 17 were phase 2 or 3 trials composed of 2174 patients. All but 

2 studies had at least 1 associated published manuscript. The median follow-up was 39 

months across all patients (range, 12-115 months), and 1386 patients on 8 studies had a 

median follow-up of at least 60 months. Ninety-two percent, 78%, and 38% of studies 

enrolled low, intermediate, and high-risk patients, respectively. Intermediate-risk disease was 

the most common risk group represented in studies (n = 2901). Gleason score was 

extractable for 4,971 patients (81%); of those, 55%, 42%, and 3% had Gleason scores of 6, 

7, and 8-10, respectively. Fifteen percent of patients (n = 654) received ADT with SBRT. 

The most common dose per fraction was 7.25 Gy (range, 5-10 Gy), and the median fraction 

number was 5 (range, 4-9). Twenty-nine studies reported the timing of treatment fractions 

with 72% delivering treatment on consecutive days or every other day and 7% limiting 

fractions to 2 per week. In the remaining 21% of studies, at least half of the patients received 

once-weekly treatments.

Biochemical control

A total of 33 studies (87%) reported data on biochemical control, accounting for 95% (n = 

5778) of patients in our meta-analysis. As data for bRFS were not manually extracted from 

Kaplan—Meier curves, reported bRFS time points were, in general, consistent with and not 

in excess of reported median follow-up durations for each study. Of the 14 studies (n = 

2343) reporting 5-year bRFS on meta-analysis using a random-effects model the overall 5-

year bRFS was 95.3% (95% CI, 91.3%-97.5%, I2 87.96, Q value 74.9, P < .001) (Fig. 1, Fig. 

2A). On meta-regression it was found that essentially all variance in outcome was accounted 

for by the percent of patients with low-risk disease per trial and dose of SBRT used. In a 

metaregression model including dose (BED2.5 Gy), percent of cohort receiving ADT, and 

NCCN risk group, increasing dose (Fig. 2B, x axis) was significantly associated with 

improved bRFS (Fig. 2B, y axis) (P = .018). A part of a sensitivity analysis of our model 

also assessed the impact of the increasing percent of low-risk disease in a metaregression, 

and this too was associated with improved bRFS (P = .018), further supporting the overall 

validity of our model. ADT use was not significantly associated (P = .91) with bRFS.

Many of the included studies enrolled more than 1 NCCN risk group. However, not all 

studies provided biochemical control estimates by risk group. Studies that enrolled high-risk 

patients rarely separately reported bRFS outcomes by risk group, precluding reliable 

reporting of just the high-risk subset of patients. Of studies that reported rates by risk group, 

the 5-year bRFS for low and intermediate-risk disease were 96.7% (95% CI, 95.2%-97.8%) 

and 92.1% (89.2%-94.3%), respectively (Fig. E3A, Fig. E3B, available at https://doi.org/

10.1016/j.ijrobp.2019.03.051).
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Physician-reported toxicity

Acute toxicity—A total of 37 studies (97%) reported data on acute or late toxicity that 

contained 99% (n = 6044) of patients in our meta-analysis. Acute grade ≥3 toxicity was very 

rare (≤1% combined GU and GI grade ≥3 toxicity). Acute grade 3 GU toxicity occurred in 

0.5% of patients, with no grade 4 events (Table E2, available at https://doi.org/10.1016/

j.ijrobp.2019.03.051). Acute grade 3 GI toxicity occurred in 0.06% of patients and grade 4 

in 0.03%.

Late toxicity—On meta-analysis using random effects modeling, late grade ≥3 GU toxicity 

rates are estimated to be 2.0% (95% CI, 1.4%-2.8%, I2 27.6, Q value 40.1, P = .083), and 

late grade ≥3 GI toxicity rates were estimated to be 1.1% (95% CI, 0.6-2.0%, I2 63.6, Q 

value 79.6, P < .001) (Fig. 3). As a sensitivity analysis, when restricting to studies that had 

only a median follow-up of at least 5 years (n = 7 studies, 1284 patients), estimated late 

grade ≥3 GU toxicity rates were similar (2.2% vs 2.0%), as were late grade ≥3 GI toxicities 

(0.8% vs 1.1%).

A meta-regression of late toxicity and dose was performed for both late grade ≥3 GU and GI 

toxicity. Thirty studies comprised of 5127 patients were included in this analysis. There was 

a significant association with increasing dose (BED2.5) (Fig. 4A, x axis) and late grade ≥3 

GU toxicity (Fig. 4A, y axis) (P = .014). In contrast, there was no significant association 

with dose (BED2.5) (Fig. 4B, x axis) and late grade ≥3 GI toxicity (Fig. 4B, y axis) (P = .56).

A summary of the frequency of all acute and late grade 2, 3, and 4 GU and GI toxicities can 

be found in Table E2 (available at https://doi.org/10.1016/j.ijrobp.2019.03.051).

Patient-reported QOL

A total of 25 studies (66%) reported data on patient-reported QOL containing 65% of 

patients in our meta-analysis (n = 3973). EPIC-2670 was assessed in 3293 patients, and the 

American Urology Association’s International Prostate Symptom Score71 was used by 2399 

patients (Table 1). Given significant heterogeneity of reporting International Prostate 

Symptom Scores, it did not permit a reliable quantitative synthesis. EPIC-26 information 

was readily extractable for urinary, bowel, and sexual domain scales, and data were pooled 

(Fig. 5). Expanded Prostate Cancer Index Composite urinary and bowel scores returned to 

baseline by 2 years post-treatment (P = .90 and .09, respectively) and remained 

nonsignificantly different to scores 5 years post-SBRT (P = .50 and .80, respectively). As 

expected, sexual domain scores gradually decreased over time, not reaching statistical 

significance until 3 years post-SBRT (P = .01).

Publication bias

There was significant publication bias found when analyzing studies reporting 5-year bRFS 

and late grade ≥3 GU and GI toxicity (Fig. E4A–E4C, available at https://doi.org/10.1016/

j.ijrobp.2019.03.051). A funnel plot of the studies used to calculate 5-year bRFS 

demonstrated asymmetry that was confirmed with Egger’s regression test (P < .001), 

indicating the presence of publication bias. When adjusting for this bias by using the trim-

and-fill method, the originally observed 95.3% bRFS rate decreased to 93.1% (95% CI, 
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89.1%-95.7%). Similar results were found for late grade ≥3 GU toxicity (P < .001, adjusted 

rate of 2.7% [95% CI, 1.8% to 4.1%]) and late grade ≥3 GI toxicity (P < .001, adjusted rate 

of 3.0% [95% CI, 1.7% to 5.4%]).

Discussion

We herein demonstrate that there is considerable evidence that prostate SBRT is an effective 

treatment for localized prostate cancer, with a very favorable toxicity profile that has 

minimal impact on long-term urinary and bowel QOL. Moreover, to date, no randomized 

study has demonstrated that altering radiotherapeutic dose, fractionation, or target volume 

affects prostate cancer—specific or overall survival. Thus, toxicity, QOL, patient 

convenience, and cost become increasingly important when determining the optimal 

treatment method for patients with localized prostate cancer, and our findings support 

NCCN guidelines and Medicare policies, which recognize prostate SBRT as a standard of 

care treatment option for many men with localized prostate cancer.

For men electing to pursue radiation therapy, the historically standard 8 to 9 weeks of 

conventional external beam radiation therapy can be inconvenient and necessitates use of 

substantial resources. This in part motivated numerous randomized noninferiority trials to 

test the use of 4 to 6 weeks of moderate hypofractionation compared with the conventional 8 

to 9 weeks of radiation therapy. The largest of these trials, the Conventional Versus 

Hypofractionated High-Dose Intensity Modulated Radiation Therapy for Prostate Cancer 

(CHHiP) trial (n = 3126), demonstrated 5 years post-treatment that 4 weeks of radiation 

therapy was noninferior regarding biochemical recurrence and toxicity compared with 8 

weeks of radiation therapy.10 This is now recommended as a standard of care per NCCN 

guidelines.69 More recently, results from the HYPO-RT-PC trial (n = 1200) were presented 

comparing a 7-fraction SBRT regimen to conventional radiation therapy.44 It demonstrated 

that at 5 years post-treatment, SBRT was noninferior regarding biochemical recurrence and 

late toxicity.44 Thus, there is now level 1 evidence with similar duration follow-up 

supporting the noninferiority of both moderate hypofractionation and SBRT compared with 

conventional dose-escalated radiation therapy, although we eagerly await long-term results 

from the HYPO-RT-PC trial. The biochemical control rates from our analysis, which 

included results from the HYPO-RT-PC trial, compare favorably with outcomes from the 

CHHiP trial. Five-year biochemical failure—free survival for men with low and 

intermediate-risk disease on the CHHiP trial were 96.6% and 90.2%, respectively, for men 

treated with 60 Gy in 20 fractions, compared with 96.7% and 92.1% in the present analysis.

Our study is the first meta-analysis to comprehensively include all prospective studies 

involving prostate SBRT and, importantly, to include the landmark HYPO-RT-PC trial and 

other recently reported and published trials. Our systematic review and meta-analysis 

findings should be compared and contrasted with the guideline statement from the American 

Society for Radiation Oncology, American Urological Association, and American Society of 

Clinical Oncology,48 which performed their initial data search multiple years ago in a 

rapidly changing field. These guidelines state that there is “moderate” quality evidence for 

prostate SBRT for low-risk disease and “low” quality evidence for the use of prostate SBRT 

in men with intermediate-risk disease. Although they state that SBRT may be offered to men 

Jackson et al. Page 7

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 July 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with intermediate-risk disease, they encourage that this be done in the setting of a clinical 

trial or multi-institutional registry. Our study demonstrated that 78% of prospective studies 

included intermediate-risk men, nearly 50% had Gleason 7 disease, and intermediate risk-

disease had more patients represented than low-risk in prospective SBRT studies. Given that 

there is randomized phase 3 noninferiority evidence for patients with intermediate and high-

risk prostate cancer for prostate SBRT, our findings suggest that there is stronger quality 

evidence to support SBRT for intermediate-risk disease than there is for low-risk disease. 

This is further strengthened by the recent release of acute toxicity data from the Prostate 

Advances in Comparative Evidence B () randomized trial in men with intermediate-risk 

disease demonstrating numerically lower, but not significantly different, acute toxicity for 

SBRT compared with conventional RT. In addition, most moderate hypofractionation studies 

have limited enrollment of high-risk patients or use of pelvic nodal radiation therapy, similar 

to the available evidence for SBRT. Yet, moderate hypofractionation is endorsed by NCCN 

across all risk groups, including clinical nodepositive disease, whereas SBRT is “acceptable 

in practices with appropriate technology, physics, and clinical expertise” for men with very 

low to favorable intermediate-risk prostate cancer.69

Our toxicity results should also be compared with other radiation therapy modalities that are 

used for intermediate or high-risk disease, such as combination brachytherapy. Nearly all of 

the prospective trials using combination brachytherapy with sufficient follow-up report 

combined grade ≥3 GU and GI toxicity of 10% to 30%.72–74 Our study demonstrated that 

both GI and GU grade ≥3 toxicity from prostate SBRT were less than 2.5%, which also 

compares favorably to reported toxicity rates after treatment with external beam alone.10 

This was nicely demonstrated in a recent pooled study by Kishan et al demonstrating that 

SBRT had one of the lowest associated toxicity profiles of any radiation therapy—based 

modalities assessed in prospective studies.75 Even this rate was largely driven by select high-

dose SBRT trials using doses as high as 10 Gy x 5 fractions.17 Our meta-regression for late 

grade ≥3 GU toxicity confirmed that there was a significant increase in severe GU toxicity 

with increasing dose. It is important to note that dose escalation beyond 7.25-8 Gy x 5 

fractions may be safely achievable, given that ≥5 mm margins were used in multiple SBRT 

studies, magnetic resonance imaging was not mandated to be used on all studies, and almost 

none used rectal spacers. Thus, our reported toxicity estimates for both GU and GI may 

further be improved by adoption of available technologies shown to reduce treatment-related 

morbidity. Although increasing prescribed dose was not significantly associated with 

increasing late severe GI toxicity, it is important to note that >95% of the data to inform this 

analysis were in dose ranges well below 10 Gy x 5, and extreme SBRT dose escalation has 

reported unacceptably high late GI morbidity.17

Although we believe our data supports SBRT as a standard of care treatment option for men 

with localized prostate cancer, there is insufficient evidence to imply that it should be the 

primary standard of care for localized prostate cancer. This would require either a 

superiority or noninferiority trial demonstrating that SBRT is in fact superior to other 

fractionation schemas regarding tumor control or toxicity and QOL. National Research 

Group GU005 () is a superiority trial that aims to investigate if prostate SBRT is superior to 

moderate hypofractionation regarding QOL using the EPIC-26. Secondary outcomes relate 

to investigating if prostate SBRT is also superior regarding disease-free survival. The 
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noninvasive and convenient nature of SBRT, with associated low toxicity and favorable 

tumor control rates, has also led to an exciting international trial, the Prostate Advances in 

Comparative Evidence A trial.76 This trial is randomizing men with intermediate-risk 

disease to SBRT versus radical prostatectomy. Given the lower urinary incontinence side 

effects and improved erectile function associated with conventional radiation therapy 

compared with surgery found in the Prostate Testing for Cancer and Treatment trial77 and 

the low rectal toxicity reported on trials to date with prostate SBRT, it will be interesting to 

see the QOL comparisons of prostate SBRT with surgery.

The analyses presented have limitations. First, our analysis was a study-level meta-analysis. 

Patient-level characteristics were extracted, and only studies reporting the same outcome at 

the same time point were pooled, which is an inherent limitation. Interestingly, our data is 

consistent with a smaller individual-patient study of patients with low and intermediate-risk 

disease demonstrating very comparable toxicity rates.78 Second, biochemical control 

analyses were limited in that most studies including high-risk patients did not separately 

report outcomes by risk group. Also, although ADT was used in 15% of patients, there was 

not enough available information that could be extracted to determine the impact of ADT in 

a quantitative manner, nor was ADT duration always specified. In addition, pelvic nodal 

radiation therapy was rarely used, and its benefit in the context of prostate SBRT is 

unknown, similar to its unclear benefit with moderate hypofractionated or conventional 

radiation therapy. Third, late toxicity is a time-dependent outcome, and there was 

heterogeneous follow-up. Thus, sensitivity analyses were conducted for late toxicity to 

determine if follow-up time could have affected the results. Importantly, the rates were 

essentially identical for late toxicity when only including studies with a median follow-up of 

≥5 years. Notably, we did find significant publication bias for both late GU and GI toxicity. 

However, statistically adjusting for this bias, toxicity rate estimates increased by only 1% to 

2%. Last, the number of patients reporting on QOL decreased over time, which could affect 

the reliability of our estimates at later time points. However, given the minimal acute and 

late toxicity observed, we hypothesize that our QOL findings are likely representative for the 

majority of men treated with prostate SBRT.

Conclusions

Prostate SBRT has substantial evidence to support its use for treatment of localized prostate 

cancer, particularly in men with intermediate-risk disease. Phase 1 to 3 trials consistently 

report excellent tumor control and patient-reported QOL with very low acute and late 

toxicity. Our findings support that SBRT could be considered a standard radiotherapeutic 

strategy for localized prostate cancer while ongoing trials assess its potential superiority to 

other treatment methods.
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Fig. 1. 
Meta-analysis using random effects model of 5-year biochemical recurrence-free survival.
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Fig. 2. 
Biochemical recurrence-free survival on overall cohort over time. (A) Meta-analysis of 

biochemical recurrence-free survival at 1, 2, 3, 5, 7, and 10 years post—stereotactic body 

radiation therapy. Time points are connected for illustrative purposes. (B) Meta-regression 

assessing the impact of the increasing dose (represented as biologically equivalent dose with 

an alpha-to-beta ratio of 2.5) on 5-year biochemical recurrence-free survival.
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Fig. 3. 
Late meta-analysis using random effects model of late grade ≥3 gastrointestinal and 

genitourinary toxicity after prostate stereotactic body radiation therapy.
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Fig. 4. 
Meta-regression modeling of the impact increasing stereotactic body radiation therapy dose 

on (A) late genitourinary toxicity and (B) late gastrointestinal toxicity.
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Fig. 5. 
Expanded Prostate Cancer Index Composite patient-reported quality of life changes after 

stereotactic body radiation therapy on urinary, bowel, and sexual quality of life from 

baseline to 5 years post—stereotactic body radiation therapy.
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