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BACKGROUND
Whether stereotactic body radiotherapy (SBRT) is noninferior to conventionally or 
moderately hypofractionated regimens with respect to biochemical or clinical failure 
in patients with localized prostate cancer is unclear.

METHODS
We conducted a phase 3, international, open-label, randomized, controlled trial. 
Men with stage T1 or T2 prostate cancer, a Gleason score of 3+4 or less, and a 
prostate-specific antigen (PSA) level of no more than 20 ng per milliliter were 
randomly assigned (in a 1:1 ratio) to receive SBRT (36.25 Gy in 5 fractions over a 
period of 1 or 2 weeks) or control radiotherapy (78 Gy in 39 fractions over a pe-
riod of 7.5 weeks or 62 Gy in 20 fractions over a period of 4 weeks). Androgen-
deprivation therapy was not permitted. The primary end point was freedom from 
biochemical or clinical failure, with a critical hazard ratio for noninferiority of 
1.45. The analysis was performed in the intention-to-treat population.

RESULTS
A total of 874 patients underwent randomization at 38 centers (433 patients in the 
SBRT group and 441 in the control radiotherapy group) between August 2012 and 
January 2018. The median age of the patients was 69.8 years, and the median PSA 
level was 8.0 ng per milliliter; the National Comprehensive Cancer Network risk 
category was low for 8.4% of the patients and intermediate for 91.6%. At a median 
follow-up of 74.0 months, the 5-year incidence of freedom from biochemical or 
clinical failure was 95.8% (95% confidence interval [CI], 93.3 to 97.4) in the SBRT 
group and 94.6% (95% CI, 91.9 to 96.4) in the control radiotherapy group (unad-
justed hazard ratio for biochemical or clinical failure, 0.73; 90% CI, 0.48 to 1.12; 
P = 0.004 for noninferiority), which indicated the noninferiority of SBRT. At 5 years, 
the cumulative incidence of late Radiation Therapy Oncology Group (RTOG) grade 
2 or higher genitourinary toxic effects was 26.9% (95% CI, 22.8 to 31.5) with SBRT 
and 18.3% (95% CI, 14.8 to 22.5) with control radiotherapy (P<0.001), and the cu-
mulative incidence of late RTOG grade 2 or higher gastrointestinal toxic effects was 
10.7% (95% CI, 8.1 to 14.2) and 10.2% (95% CI, 7.7 to 13.5), respectively (P = 0.94).

CONCLUSIONS
Five-fraction SBRT was noninferior to control radiotherapy with respect to bio-
chemical or clinical failure and may be an efficacious treatment option for patients 
with low-to-intermediate-risk localized prostate cancer as defined in this trial. 
(Funded by Accuray and others; PACE-B ClinicalTrials.gov number, NCT01584258.)

A BS TR AC T

Phase 3 Trial of Stereotactic Body 
Radiotherapy in Localized Prostate Cancer
N. van As, C. Griffin, A. Tree, J. Patel, P. Ostler, H. van der Voet, A. Loblaw,

W. Chu, D. Ford, S. Tolan, S. Jain, P. Camilleri, K. Kancherla, J. Frew, A. Chan,
O. Naismith, J. Armstrong, J. Staffurth, A. Martin, I. Dayes, P. Wells, D. Price,

E. Williamson, J. Pugh, G. Manning, S. Brown, S. Burnett, and E. Hall

Original Article

http://clinicaltrials.gov/show/NCT01584258


n engl j med 391;15 nejm.org October 17, 20241414

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Prostate cancer is a considerable 
global health care challenge, with nearly 
1.5 million men receiving a diagnosis an-

nually.1 In England in 2021, a total of 12% of 
newly diagnosed prostate cancers were low risk 
and 29% were intermediate risk.2 These men 
have a number of treatment options, including 
radiotherapy, which is considered to be curative 
in the majority of patients.

Innovations in image guidance and radio-
therapy treatment delivery have enabled the deliv-
ery of higher biologic doses of radiation, sig-
nificantly improving oncologic outcomes while 
reducing side effects associated with treatment.3-5 
Hypofractionation, involving higher doses per 
treatment session, is appealing because of its 
potential to maintain the efficacy of the treat-
ment but reduce the total number of treatment 
sessions, which could make the treatment more 
attractive to patients and health care systems. 
Previous studies have confirmed the noninferior-
ity of moderately hypofractionated radiotherapy 
as compared with conventionally fractionated 
radiotherapy, and moderate hypofractionation 
has been established as a standard-care op-
tion.6-8 Stereotactic body radiotherapy (SBRT) 
builds on these developments to allow ultrahy-
pofractionated radiotherapy to be delivered with 
precision.

PACE (Prostate Advances in Comparative Evi-
dence) is a platform trial evaluating five-fraction 
SBRT; the trial involves three independently 
randomized cohorts of men with localized pros-
tate cancer. PACE-A compares SBRT with sur-
gery. PACE-B and PACE-C recruited men who 
were suitable candidates for radical radiothera-
py but who were not suitable candidates for or 
who were unwilling to undergo radical prosta-
tectomy. PACE-B included men with low- and 
intermediate-risk disease, not warranting hor-
mone therapy, and has already shown the safety 
of five-fraction SBRT.9,10 PACE-C included men 
with higher-risk disease receiving androgen-
deprivation therapy (ADT). Here, we report the 
primary analysis of PACE-B, which assessed the 
noninferiority of five-fraction SBRT as com-
pared with conventionally or moderately hypo-
fractionated radiotherapy with respect to bio-
chemical or clinical failure.

Me thods

Trial Design and Oversight

PACE-B was a phase 3, international, open-label, 
noninferiority, randomized, controlled trial. Pa-
tients were randomly assigned (in a 1:1 ratio) to 
receive SBRT or control radiotherapy (convention-
ally or moderately hypofractionated radiothera-
py). Randomization was performed centrally by 
the Institute of Cancer Research Clinical Trials 
and Statistics Unit (ICR-CTSU) with the use of 
computer-generated random permuted blocks 
(size of four and six), stratified according to 
National Comprehensive Cancer Network (NCCN) 
risk category (low vs. intermediate) and random-
izing center. Treatment was not masked.

This investigator-initiated trial was approved 
by the London Chelsea Research Ethics Commit-
tee in the United Kingdom and the relevant in-
stitutional review boards in Canada and Ireland. 
Since protocol version 5.0 (August 2014), the 
regulatory sponsor of the trial was the Royal 
Marsden NHS Foundation Trust, and the trial 
was coordinated by the ICR-CTSU. Before this, 
the regulatory sponsor of the trial was Accuray. 
Accuray had no role in data collection (managed 
by a third party before February 2014) or statisti-
cal analysis (performed by the ICR-CTSU). The 
trial was conducted in accordance with Good 
Clinical Practice guidelines. Patients were re-
cruited by their clinical teams and provided 
written, informed consent before enrollment. 
The trial management group was overseen by an 
independent data monitoring committee and an 
independent trial steering committee.

The first author wrote the first draft. The 
first author, last author, and three other authors 
led the manuscript writing; all other authors 
contributed to and reviewed the manuscript. No 
one who is not an author contributed to writing 
the manuscript. The authors vouch for the com-
pleteness and accuracy of the data and for the 
fidelity of the trial to the protocol, which was 
published previously9 and is available with the 
full text of this article at NEJM.org.

Patients

Eligible patients were 18 years of age or older 
and had histologically confirmed prostate ade-

A Quick Take 
is available at 

NEJM.org
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nocarcinoma, a World Health Organization per-
formance-status score of 0 to 2 (on a scale of 0 
to 5, with higher scores indicating greater dis-
ability), and a life expectancy of more than 5 
years. All the patients had clinical or magnetic 
resonance imaging (MRI)–defined T1 or T2 dis-
ease categorized according to NCCN criteria as 
low risk (Gleason score of 3+3 and a prostate-
specific antigen [PSA] level of ≤10 ng per milli-
liter) or intermediate risk (Gleason score of 3+4, 
PSA level of 10.1 to 20.0 ng per milliliter, or 
both). Among the exclusion criteria were pri-
mary Gleason grade 4 or higher disease, any 
NCCN high-risk factors, previous pelvic radio-
therapy, previous treatment for prostate cancer, 
or prostheses in both hips.

Treatment and Assessments

For SBRT, insertion of three or more prostatic 
fiducial markers was recommended. Moderate 
bladder filling and bowel preparation (enemas) 
were advised for treatment planning. Computed 
tomography (CT) was completed, with MRI rec-
ommended for radiotherapy planning purposes. 
CT and MRI scans were fused by fiducial match-
ing. The clinical target volume was defined as 
prostate only in low-risk patients or prostate 
plus proximal 1 cm of seminal vesicles in inter-
mediate-risk patients. A planning target volume 
margin of 4 to 5 mm isotropic was applied, ex-
cept for 3 to 5 mm posteriorly. A total dose of 
36.25 Gy in 5 fractions over a period of 1 or 2 
weeks (daily or on alternate days) was delivered 
to 95% of the planning target volume, and a 
secondary target dose of 40 Gy was delivered to 
95% of the clinical target volume only. SBRT was 
permitted on noncoplanar robotic linear accel-
erators and (since protocol version 5.0, August 
2014) conventional linear accelerator platforms. 
Further details are provided in Section S14 in the 
Supplementary Appendix, which is available at 
NEJM.org. For control radiotherapy, the protocol 
initially mandated 78 Gy in 39 fractions over a 
period of 7.5 weeks but after a protocol amend-
ment (version 7.1 [March 24, 2016]), 62 Gy in 20 
fractions over a period of 4 weeks was also per-
mitted. Centers were required to choose a sched-
ule to be used for all their trial patients. ADT 
was not permitted.

The PSA level was recorded at 12 weeks and at 
6, 9, and 12 months after treatment and annually 
thereafter. Safety was assessed with the use of the 
Common Terminology Criteria for Adverse Events 
(CTCAE), version 4.03,5 and the Radiation Thera-
py Oncology Group (RTOG) assessment tool be-
fore treatment, every 3 months until 24 months, 
every 6 months in years 2 through 5, and then 
annually to a maximum of 10 years.

Patient-reported outcomes were assessed at 
baseline; at months 6, 9, and 12; and then annu-
ally to year 5 with the use of the 26-question 
Expanded Prostate Cancer Index Composite 
(EPIC-26) instrument,11 the International Prostate 
Symptom Score scale (regarding urinary inconti-
nence), the Vaizey fecal-incontinence scale, and 
the five-item International Index of Erectile Func-
tion (IIEF-5) Questionaire (omitted at month 9). 
Scores for each subdomain of the EPIC-26 instru-
ment range from 0 to 100, with higher scores 
indicating better quality of life. Patient-reported 
outcomes were collected by means of paper 
questionnaires distributed in the clinic or mailed 
by centers. A history of substantial amendments 
to the protocol is provided in Section S13 in the 
Supplementary Appendix.

End Points

The primary end point was freedom from bio-
chemical or clinical failure. Biochemical failure 
was based on increases in the PSA levels (according 
to Phoenix criteria, with three consecutive increas-
es required for failure before 24 months to rule out 
postradiotherapy PSA “bounce”), commencement 
of ADT, or date of orchidectomy, and clinical fail-
ure was defined as local recurrence, nodal recur-
rence, distant metastases, or death from prostate 
cancer. The prespecified time point of primary 
interest was 5 years. Data from patients without 
an event were censored on the date of the last PSA 
assessment. Secondary end points included com-
mencement of ADT, diagnosis of metastatic dis-
ease, disease-free survival, overall survival, and 
clinician- and patient-assessed side effects.

Statistical Analysis

The PACE-B trial was designed to assess the non-
inferiority of SBRT as compared with control ra-
diotherapy with respect to biochemical or clinical 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic

Stereotactic Body 
Radiotherapy 

(N = 433)

Control 
Radiotherapy 

(N = 441)
Total 

(N = 874)

Age at randomization — yr

Median (IQR) 69.8 (65.4–74.1) 69.7 (65.5–73.9) 69.8 (65.4–74.0)

Range 45.8–84.5 48.1–86.7 45.8–86.7

Race or ethnic group — no. (%)†

Black 35 (8.1) 26 (5.9) 61 (7.0)

East Asian 4 (0.9) 3 (0.7) 7 (0.8)

Mixed heritage 2 (0.5) 2 (0.5) 4 (0.5)

Southern Asian 20 (4.6) 10 (2.3) 30 (3.4)

White 367 (84.8) 393 (89.1) 760 (87.0)

Other 5 (1.2) 7 (1.6) 12 (1.4)

Family history of prostate cancer — no. (%)

No 312 (72.1) 326 (73.9) 638 (73.0)

Yes 89 (20.6) 88 (20.0) 177 (20.3)

Unknown 32 (7.4) 27 (6.1) 59 (6.8)

WHO performance-status score — no. (%)‡

0 389 (89.8) 391 (88.7) 780 (89.2)

1 44 (10.2) 48 (10.9) 92 (10.5)

2 0 2 (0.5) 2 (0.2)

T stage — no. (%)§

T1c 82 (18.9) 81 (18.4) 163 (18.6)

T2a 105 (24.2) 133 (30.2) 238 (27.2)

T2b 81 (18.7) 59 (13.4) 140 (16.0)

T2c 162 (37.4) 168 (38.1) 330 (37.8)

Unknown 3 (0.7) 0 3 (0.3)

Method of staging — no. (%)

≥1 Staging method performed 430 (99.3) 441 (100) 871 (99.7)

Digital rectal examination 156 (36.0) 166 (37.6) 322 (36.8)

Transrectal ultrasonography 280 (64.7) 264 (59.9) 544 (62.2)

MRI of the pelvis 339 (78.3) 359 (81.4) 698 (79.9)

Gleason score — no. (%)¶

3+3 63 (14.5) 90 (20.4) 153 (17.5)

3+4 370 (85.5) 351 (79.6) 721 (82.5)

Prostate-specific antigen level

Median (IQR) — ng/ml 7.9 (5.5–10.9) 8.1 (6.3–11.0) 8.0 (5.9–11.0)

Range — ng/ml 0.5–20.0 0.8–20.0 0.5–20.0

Distribution — no. (%)

<10 ng/ml 297 (68.6) 303 (68.7) 600 (68.6)

10–20 ng/ml 136 (31.4) 138 (31.3) 274 (31.4)

Percentage of positive biopsy cores — no. (%)

<50% 287 (66.3) 304 (68.9) 591 (67.6)

≥50% 146 (33.7) 137 (31.1) 283 (32.4)
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failure. The sample size was calculated under the 
assumption that 85% of the patients in the con-
trol radiotherapy group would be free from bio-
chemical or clinical failure at 5 years. A nonin-
feriority margin of 6 percentage points at 5 years 
(critical hazard ratio, 1.45; selected on the basis 

of expert clinical opinion), 80% power, 5% one-
sided significance, and allowance for 10% loss 
to follow-up yielded a sample size of 858. After 
a recommendation by the independent data mon-
itoring committee, the trial management group 
and the trial steering committee independently 

Characteristic

Stereotactic Body 
Radiotherapy 

(N = 433)

Control 
Radiotherapy 

(N = 441)
Total 

(N = 874)

NCCN risk category — no. (%)

Low 32 (7.4) 41 (9.3) 73 (8.4)

Intermediate 401 (92.6) 400 (90.7) 801 (91.6)

Favorable 86 (21.4) 106 (26.5) 192 (24.0)

Unfavorable 315 (78.6) 294 (73.5) 609 (76.0)

Prostate volume — no. (%)

<40 ml 192 (44.3) 163 (37.0) 355 (40.6)

40 to <80 ml 198 (45.7) 223 (50.6) 421 (48.2)

≥80 ml 23 (5.3) 28 (6.3) 51 (5.8)

Unknown 20 (4.6) 27 (6.1) 47 (5.4)

Testosterone level

No. of patients evaluated 403 407 810

Median (IQR) — μmol/liter 11.5 (9.0–15.0) 11.3 (8.7–15.0) 11.3 (8.9–15.0)

Range — μmol/liter 0.4–30.5 0.4–30.6 0.4–30.6

International Prostate Symptom Score grade — no. (%)‖

No symptoms: score of 0 16 (3.7) 21 (4.8) 37 (4.2)

Mild symptoms: score of 1–7 202 (46.7) 197 (44.7) 399 (45.7)

Moderate symptoms: score of 8–19 136 (31.4) 141 (32.0) 277 (31.7)

Severe symptoms: score of 20–35 20 (4.6) 23 (5.2) 43 (4.9)

Unknown 59 (13.6) 59 (13.4) 118 (13.5)

Time from diagnosis to randomization — wk**

Median (IQR) 9.9 (6.6–16.1) 11.0 (6.9–17.0) 10.1 (6.7–16.6)

Range 0.1–225.0 0.9–335.0 0.1–335.0

*  Percentages may not total 100 because of rounding. IQR denotes interquartile range, and NCCN National 
Comprehensive Cancer Network.

†  Race or ethnic group was reported by the patients. Included in “other” are four patients who did not disclose their 
race or ethnic group and eight who belonged to another race or ethnic group.

‡  World Health Organization (WHO) performance-status scores range from 0 to 5, with higher scores indicating greater 
disability.

§  When different staging techniques resulted in different tumor (T) stages, the highest T stage was used.
¶  A Gleason score of 3+3 indicates low-grade prostate cancer, and a score of 3+4 indicates intermediate-grade prostate 

cancer.
‖  The International Prostate Symptom Score scale is used to measure symptoms of urinary incontinence due to benign 

prostatic hyperplasia. Scores range from 0 to 35, with higher scores indicating more severe symptoms.
**  According to the protocol, histologic confirmation of prostate adenocarcinoma was to be performed within the pre-

vious 18 months unless the patient was undergoing active surveillance and histologic confirmation was not clinically 
indicated.

Table 1. (Continued.)
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agreed (before any data release) to fix the critical 
hazard ratio at 1.45, if the observed estimate of 
freedom from biochemical or clinical failure in 
the control group differed from that assumed. 
The protocol specified that the principal analysis 
would take place once the required number of 
events had been observed (194) or after a mini-
mum of 5 years of follow-up in all the patients, 
whichever occurred first.

Efficacy analyses were conducted in the 
intention-to-treat population, which included all 
randomly assigned patients regardless of ineligi-
bility for trial treatment or deviation from as-
signed treatment. A sensitivity analysis of the 
primary end point was conducted in the per-
protocol population, which included all ran-
domly assigned patients who were eligible for 
and received at least one fraction of their as-
signed treatment. Kaplan–Meier methods were 
used to estimate the incidence of events. Esti-
mates of treatment effect were made with the 
use of unadjusted and adjusted (for NCCN risk 
category) Cox regression models. For the pri-
mary end point, the hazard ratio is reported 
with the 90% confidence interval, in accordance 
with the one-sided noninferiority design. A haz-
ard ratio of less than 1 would favor SBRT. The 
absolute treatment difference in the incidence of 
freedom from biochemical or clinical failure at 
5 years is presented by application of the hazard 
ratio to the estimated incidence in the control 
group and 90% confidence interval.12 The log-
rank test was used to compare groups. Hazard 
ratios with 95% confidence intervals are pre-
sented for all other efficacy outcomes (widths of 
confidence intervals have not been adjusted for 
multiplicity and should not be used in place of 
hypothesis testing). The proportional-hazards 
assumption was assessed with the use of Schoen-
feld residuals and held for all time-to-event end 
points. A competing-risks analysis was con-
ducted for the primary end point with deaths not 

from prostate cancer as the competing event and 
differences between SBRT and control radio-
therapy assessed with the use of Gray’s test. 
Prespecified subgroup analyses of the primary 
end point according to NCCN risk category, age, 
and Gleason score were conducted.

For clinician-assessed toxic effects (genitouri-
nary effects, gastrointestinal effects, and erectile 
dysfunction), the percentage of patients with 
grade 2 or higher toxic effects at 5 years was 
compared with chi-square or Fisher’s exact tests. 
The cumulative incidence of late toxic effects (de-
fined as adverse events that occurred ≥6 months 
after treatment) was estimated, and the time to 
the first late adverse event was compared with 
the use of Kaplan–Meier methods. For patient-
reported outcomes, responses to the EPIC-26 
instrument were analyzed as composite scores 
(bowel, urinary, sexual, and hormonal), and single-
item EPIC questions about overall bowel, urinary, 
and sexual function were presented at each time 
point assessed. All analyses are based on data 
as of September 11, 2023, and were conducted 
with the use of Stata software, version 17.0.

R esult s

Randomization and Patient Characteristics

Between August 2012 and January 2018, a total 
of 874 men underwent randomization (433 in 
the SBRT group and 441 in the control radio-
therapy group) at 38 centers across the United 
Kingdom, Ireland, and Canada (Section S2). A 
total of 414 of 433 men in the SBRT group and 
424 of 441 men in the control radiotherapy 
group received their assigned treatment; 25 re-
ceived neither trial treatment (Section S3). Eleven 
patients (3 in the SBRT group and 8 in the con-
trol radiotherapy group) were deemed to be in-
eligible but were included in analyses. Reasons 
for ineligibility were fewer than 10 core biopsy 
samples being obtained (in 5 patients), prostate 
volume not being measured within 6 months 
after randomization (in 3), clinically significant 
urinary symptoms not being identified until the 
planning scan (in 1), no MRI being performed 
(in 1), and biopsy not being performed within 
18 months after randomization (in 1).

The characteristics of the patients at baseline 
were well balanced between the randomized 
groups (Table 1). The median age of the patients 
was 69.8 years (interquartile range, 65.4 to 74.0), 

Figure 1 (facing page). Efficacy Outcomes.

Panel A shows Kaplan–Meier curves for freedom from 
biochemical or clinical failure, Panel B Nelson–Aalen 
curves for the cumulative risk of biochemical or clini-
cal failure, Panel C Kaplan–Meier curves for freedom 
from commencement of hormone therapy, and Panel D 
Kaplan–Meier curves for overall survival. The shaded 
areas indicate 95% confidence intervals. Insets show 
the same data on an expanded y axis.
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and the median PSA level was 8.0 ng per millili-
ter (interquartile range, 5.9 to 11.0); the NCCN 
risk category was low for 73 of 874 patients 
(8.4%) and intermediate for 801 of 874 (91.6%).

SBRT was delivered over a period of 2 weeks 
in 74.9% of the patients and with the CyberKnife 
device (Accuray) in 40.7% of the patients. The 
use of fiducial markers was more common with 
SBRT than with control radiotherapy (in 73.0% 
vs. 56.6% of the patients) (Section S5).

Efficacy End Points

At a median follow-up of 74.0 months (inter-
quartile range, 64.8 to 86.3), biochemical or 
clinical failure had occurred in 26 patients in the 
SBRT group and in 36 patients in the control 
radiotherapy group. The 5-year incidence of free-
dom from biochemical or clinical failure was 
95.8% (95% confidence interval [CI], 93.3 to 97.4) 
with SBRT and 94.6% (95% CI, 91.9 to 96.4) 
with control radiotherapy. SBRT was noninfe-
rior to control radiotherapy, with an unadjusted 
hazard ratio for biochemical or clinical failure 
of 0.73 (90% CI, 0.48 to 1.12; P = 0.004 for non-
inferiority) (Fig. 1A and Section S6). A post hoc 
test for superiority was not significant (hazard 
ratio, 0.73; 95% CI, 0.44 to 1.21; P = 0.22). The 
estimated absolute difference in the percentage 
of patients who were event-free in the SBRT 
group as compared with the control radiothera-
py group at 5 years was 1.4 percentage points 
(90% CI, −0.6 to 2.8). An adjusted Cox model 
(hazard ratio, 0.72; 90% CI, 0.47 to 1.10) and an 
analysis in the per-protocol population (hazard 
ratio, 0.65; 90% CI, 0.42 to 1.01) supported non-
inferiority. Competing-risks analysis showed no 
significant difference in the incidence of bio-
chemical or clinical failure between the treatment 
groups (P = 0.18). Prespecified subgroup analysis 
showed no meaningful interactions with treat-
ment group (Section S7).

A total of 29 patients commenced hormone 
therapy (10 in the SBRT group and 19 in the control 
radiotherapy group), with a hazard ratio of 0.55 

(95% CI, 0.26 to 1.20) (Fig. 1C). A total of 79 pa-
tients died (46 in the SBRT group and 33 in the 
control radiotherapy group), with 4 deaths due to 
prostate cancer (2 in each group) and 28 due to 
other primary cancers (Section S8); the hazard ratio 
for death was 1.41 (95% CI, 0.90 to 2.20) (Fig. 1D).

Toxic Effects

At 5 years, RTOG grade 2 or higher genitouri-
nary toxic effects were seen in 26 of 355 pa-
tients (7.3%) who received SBRT and in 16 of 
355 (4.5%) who received control radiotherapy 
(P = 0.11). CTCAE grade 2 or higher genitouri-
nary toxic effects were reported in 31 of 355 
patients (8.7%) in the SBRT group and in 24 of 
357 (6.7%) in the control radiotherapy group at 
5 years (P = 0.32) (Fig. 2A and 2C and Sections S9 
and S11). The cumulative incidence differed 
between the two groups for both RTOG and 
CTCAE grade 2 or higher genitourinary toxic 
effects (Section S10). For RTOG genitourinary 
toxic effects, the cumulative incidence of late 
grade 2 or higher events up to 5 years was 26.9% 
(95% CI, 22.8 to 31.5) in the SBRT group and 
18.3% (95% CI, 14.8 to 22.5) in the control ra-
diotherapy group (hazard ratio, 1.59; 95% CI, 
1.18 to 2.12; P<0.001).

At 5 years, RTOG grade 2 or higher gastroin-
testinal toxic effects were seen in 3 of 354 pa-
tients (0.8%) who received SBRT and in 1 of 355 
(0.3%) who received control radiotherapy (P = 0.37) 
(Fig. 2B). No significant between-group differ-
ence was observed at 5 years in CTCAE grade 2 or 
higher gastrointestinal toxic effects: 9 of 355 pa-
tients (2.5%) in the SBRT group and 6 of 357 
(1.7%) in the control radiotherapy group (P = 0.43) 
(Fig. 2D); no significant difference was observed 
in the cumulative incidence of RTOG or CTCAE 
grade 2 or higher gastrointestinal toxic effects. 
For RTOG gastrointestinal toxic effects, the cu-
mulative incidence of late grade 2 or higher events 
up to 5 years was 10.7% (95% CI, 8.1 to 14.2) in 
the SBRT group and 10.2% (95% CI, 7.7 to 13.5) 
in the control radiotherapy group (hazard ratio, 
1.03; 95% CI, 0.68 to 1.56; P = 0.94) (Section S10).

At 5 years, 78 of 296 patients (26.4%) in the 
SBRT group and 86 of 296 (29.1%) in the control 
radiotherapy group reported CTCAE grade 2 or 
higher erectile dysfunction (P = 0.46). The inci-
dence of clinician-reported grade 2 or higher 
erectile symptoms was similar in the two treat-
ment groups at baseline and was stable from 2 

Figure 2 (facing page). Genitourinary and Gastrointesti-
nal Toxic Effects and Erectile Dysfunction.

Shown are Radiation Therapy Oncology Group 
(RTOG)–graded or Common Terminology Criteria for 
Adverse Events (CTCAE)–graded events at each time 
point assessed according to treatment received.
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to 5 years after treatment (Fig. 2E). Treatment-
related serious adverse events were reported in 
12 patients (6 in each group).

EPIC-26 Subdomain Scores

Patients reported stable urinary and bowel symp-
toms from 2 to 5 years, with little difference 
between treatment groups (Fig. 3 and Section 
S12). At 5 years, the median urinary-incontinence 
score was 96.9 (interquartile range, 73.0 to 100) 
in the SBRT group and 100 (interquartile range, 
79.3 to 100) in the control radiotherapy group 
(P = 0.45). No difference in the score for urinary 
irritation or obstruction was noted at 5 years, 
with a median score of 93.8 (interquartile range, 
81.3 to 100) in each group. Similar bowel subdo-
main scores were reported at 5 years, with a 
median score of 100 (interquartile range, 87.5 to 
100) in the SBRT group and 95.8 (interquartile 
range, 87.5 to 100) in the control radiotherapy 
group (P = 0.10). Sexual subdomain scores de-
clined from 2 to 5 years, with no evidence of a 
significant difference between treatment groups 
at 5 years (P = 0.87).

Discussion

The PACE-B trial showed the noninferiority of 
5-fraction SBRT as compared with moderately 
fractionated image-guided radiotherapy, given 
that the 5-year incidence of freedom from bio-
chemical or clinical failure was similar in the 
two groups. The previous U.K. fractionation trial, 
CHHiP, included a slightly higher risk group and 
showed a 5-year incidence of freedom from bio-
chemical or clinical failure of 90.6% with mod-
erately fractionated 60 Gy in 20 fractions.6 In our 
trial, the incidence of freedom from biochemical 
or clinical failure of 96% with SBRT and 95% 
with control radiotherapy was achieved without 
ADT and exceeded the expectations of the trial 
design.

These outcomes may reflect advancements in 
radiotherapy delivery, including improved image 
guidance with fiducial markers and cone-beam 
CT, and enhanced treatment delivery with volu-
metric arc therapy, which leads to greater accu-
racy and improved dose distributions. The trial 
protocol included comprehensive guidelines on 
treatment, delineation of clinical target volume 
and planning target volume, treatment plan-
ning, margins, image guidance, and treatment 
delivery. These guidelines could be used for the 
adoption of five-fraction SBRT with appropriate 
quality assurance.

Our randomized, controlled trial showed the 
noninferiority of SBRT in this context. Our re-
sults align with those of the HYPO-RT-PC phase 
3 noninferiority trial, which randomly assigned 
1200 men to receive 42.7 Gy in 7 fractions over 
a period of 2.5 weeks or 78 Gy in 39 fractions 
over a period of 8 weeks. That trial showed a 
5-year failure-free survival of 84% (95% CI, 80 to 
87) in each group, with an adjusted hazard ratio 
for biochemical or clinical failure of 1.00 (95% CI, 
0.76 to 1.33; P = 0.99 by log-rank test).13 The differ-
ing outcomes between the two trials may be at-
tributed to the inclusion of deaths not from pros-
tate cancer as events in the HYPO-RT-PC trial.

The strengths of the PACE-B trial include its 
large sample size and multicenter recruitment 
across three countries, with quality-assured ra-
diotherapy delivered in both the experimental 
and control groups to a well-defined and homo-
geneous trial population. The absence of hor-
monal therapy in both groups ensures that the 
outcomes were not confounded by variable use 
of such therapy. At the time of the trial design, 
the current NCCN classifications for favorable 
and unfavorable intermediate-risk disease did 
not exist. However, the majority of patients in 
the trial would now be classified as having un-
favorable intermediate-risk cancer (Table 1). A 
limitation is that recommendations for 5-fraction 
SBRT are restricted to men with risk features 
similar to those in the trial. What proportion of 
the patients in this trial would now receive active 
surveillance remains unclear, given the lack of 
data showing that treatment influences overall 
survival among some patients with localized 
disease.14 Overtreatment is best avoided. The ef-
ficacy results of the PACE-C trial, which is evalu-
ating the noninferiority of 5-fraction SBRT as 
compared with 60 Gy in 20 fractions in men 

Figure 3 (facing page). EPIC-26 Subdomain Scores.

Shown are patient-reported mean scores at each time 
point assessed according to treatment received. Scores 
for each subdomain of the 26-question Expanded 
Prostate Cancer Index Composite (EPIC-26) instrument 
range from 0 to 100, with higher scores indicating bet-
ter quality of life. Scores at week 0 are the baseline 
scores obtained before the start of radiotherapy. I bars 
indicate 95% confidence intervals.
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with higher-risk disease warranting ADT, are 
being analyzed.

We previously found a significant difference 
in the incidence grade 2 or higher genitourinary 
toxic effects at 2 years after treatment (12% with 
SBRT vs. 7% with control radiotherapy). The 
updated 5-year toxicity analysis indicates a de-
crease in the incidence of these symptoms, with 
no significant differences between the two 
groups at 5 years, and low overall levels of side 
effects. Patients should be informed of the higher 
medium-term risk of genitourinary toxic effects, 
especially patients with clinically significant low-
er urinary tract symptoms at baseline, who may 
have better outcomes with respect to symptoms 
with 20-fraction intensity-modulated radiotherapy 
than with SBRT. Patients with lower urinary 
tract symptoms at baseline or clinically signifi-
cant acute toxic effects are more likely to have 
long-term toxic effects, facts that should allow 
for better patient selection for SBRT and that sup-
port careful counseling and monitoring of those 
with acute toxic symptoms.15

Radiotherapy for prostate cancer represents 
a substantial portion of the workload in radio-
therapy departments worldwide. In England, 
more than 16,000 patients received prostate ra-
diotherapy in 2022, with an estimated 4800 
meeting PACE-B eligibility criteria.2 Transition-
ing these patients to a 5-fraction regimen could 
reduce the number of fractions administered by 
approximately 72,000 across the United King-
dom. This regimen also minimizes the socio-
economic and psychological burdens of treat-
ment. In addition, patients with NCCN-defined 
low-risk disease and some patients with favor-

able intermediate-risk disease could be consid-
ered for active surveillance.

The findings from the PACE-B trial show that 
five-fraction SBRT is a robust and viable alterna-
tive to moderately fractionated radiotherapy for 
prostate cancer, offering equivalent efficacy with 
enhanced convenience for patients. The high 
5-year incidence of biochemical control and the 
acceptable side-effect profile, coupled with the 
considerable advancements in radiotherapy de-
livery, underscore the potential of the use of 
SBRT in prostate cancer treatment. The reduc-
tion in treatment fractions would alleviate the 
burden on health care systems while yielding 
favorable cancer-control outcomes without the 
addition of hormonal treatment.
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