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Introduction

Prostate cancer is the most commonly arising cancer in 
men, with an estimated incidence of 180,890 in 2016 within 
the United States, and, with an estimated 26,120 deaths, 
third to only lung cancer and colon cancer in absolute 
annual mortality (1). Broadly, treatment options for 
prostate cancer include prostatectomy, radiation therapy, 
either using external beam radiation therapy (EBRT) or 
brachytherapy, and active surveillance, dependent upon 
both the underlying comorbid conditions of the patient and 
the pathologic characteristics of the tumor (2). While there 
have been no randomized trials comparing the outcomes 
for patients with low-risk prostate cancer treated with 
prostatectomy, EBRT, and brachytherapy, retrospective data 
suggests medical equipoise between the three treatment 
modalities (3,4). Consequently, the decision regarding the 
management for each patient is made following an in-depth 
conversation between urologists, radiation oncologists, 

and patients regarding the goals of care and the side effect 
profile most acceptable to the patient. 

Rationale for hypofractionation

While conventionally fractionated (CF) EBRT offers 
the advantages of being completely non-invasive with a 
minimal side effect profile, a full course of treatment of 
39–44 fractions can take up to 9 weeks, causing significant 
logistical challenges for patients (5). Decreasing the 
number of fractions, or hypofractionating, delivered 
during a course of EBRT would increase convenience for 
patients by decreasing the time spent during treatment. 
In addition to the logistical benefits of hypofractionation, 
there is radiobiologic data to suggest that hypofractionated 
radiation treatment could improve the relationship between 
prostate cancer cells killed and normal organ toxicity, or the 
therapeutic ratio (6). CF-EBRT breaks up a total course of 
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radiation into multiple daily radiation treatments [typically 
1.8–2 Gray (Gy) per fraction] because of radiobiological 
benefits to having a long, protracted course of treatment. 
Specific benefits of fractionating treatment include the 
repair of sublethal damage to normal tissue, reoxygenation 
of hypoxic tumor cells, and redistribution of tumor cells to 
radiosensitive phases of the cell cycle that occurs between 
fractions (6). The alpha-beta ratio is a parameter that 
describes the response of organs to radiation. Most tumors 
and early-responding tissue, such as skin, typically have 
alpha-beta ratios >10, whereas late-responding tissue such 
as the bladder and rectum have alpha-beta values between 3– 
5 (6). The smaller the alpha-beta ratio, the more responsive 
the organ is to a larger fraction size while conversely, the 
larger the alpha-beta ratio, the more sensitive the organ is to 
fractionation. Recent data suggests that the alpha-beta ratio 
for prostate cancer is 1.5 (7), suggesting that for patients 
with prostate cancer, hypofractionation would have a greater 
increase of biologically equivalent dose (BED) to the tumor 
than the normal tissue, improving the therapeutic ratio (8,9). 
The equation for BED = (nd[1+d/{alpha-beta}]), where n is 
# fx and d is dose/fx, can be used to illustrate this concept, 

and is graphically demonstrated in Figure 1. Advances in 
imaging techniques and treatment delivery have allowed 
radiation oncologists to deliver ultrahypofractionated, 
high-dose treatments, using a method called SBRT, which 
may provide additional pathways to cell kill not offered by 
CF-EBRT, including indirect tumor death by mediating 
vascular damage via ceramide-mediated apoptosis of 
endothelial cells and increased cellular expression of 
inflammatory mediators, immunomodulatory cytokines, and 
death receptors (10).

Hypofractionated EBRT was first used for management 
of prostate cancer in the United Kingdom in the 1960s. 
From 1964–1984, 233 patients were treated to 36 Gy in  
6 fractions using a 2-dimenstional technique with acceptable 
clinical outcomes and toxicity (11). More moderate 
hypofractionation, defined as a daily fractional dose of  
>2 Gy, was explored in the 1990s by the Cleveland Clinic 
and Christie Hospital, and later by the multi-institution 
Radiation Therapy Oncology Group (RTOG) 04−15 trial, 
which investigated a regimen of 70 Gy in 28 fractions, and 
described biochemical control rates comparable to those 
achieved with CF-EBRT (12-14). 

Figure 1 Figure depicting the biologically effective dose for conventionally fractionated radiation and for stereotactic body radiation therapy 
for the treatment of prostate cancer. A graphical representation of the biologically equivalent dose (BED) for tissues with different α/β 
comparing a common stereotactic body radiation therapy fractionation scheme with the typical conventionally fractionated external beam 
radiation therapy treatment scheme. Specifically noted are the BED for prostate cancer, late responding tissue such as the bladder or rectum, 
and early responding tissue.
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Overview of SBRT for prostate cancer

SBRT is defined by the American Society of Radiation 
Oncology (ASTRO) as “an external beam radiation 
therapy (EBRT) method used to precisely deliver a high 
dose of radiation to an extracranial target within the body, 
using either a single dose or a small number of fractions. 
Specialized treatment planning results in high target 
dose and steep dose gradients beyond the target” (15).  
SBRT can be delivered using non-coplanar, non-opposing 
arcs with either a conventional linear accelerator or 
with a robotic-based radiosurgery system, as used in the 
Cyberknife® (Accuray; CA, USA) device (6). While most 
studies involving SBRT for prostate cancer to date have 
been conducted using a robotic-based radiosurgery system, 
there are no differences in outcomes for patients treated 
with either a gantry linear accelerator or a robotic-based 
radiosurgery system. Dosimetric studies demonstrate 
that isocentric RapidArc treatment using a gantry linear 
accelerator can provide superior coverage to the planning 
target volume (PTV) with better rectum sparing, while 
delivering the treatment in a shorter period of time 
than SBRT delivered with a robotic-based radiosurgery  
system (16).

During treatment with SBRT, a highly conformal dose 
is delivered to the target while sparing the surrounding 
normal tissue, with steep dose fall off. In addition to 
sophisticated treatment planning and treatment delivery 
systems, image guided radiation therapy (IGRT) is an 
essential component of ensuring accurate treatment. SBRT 
procedures require images be taken of the prostate prior to 
each treatment, which can performed using the gantry linear 
accelerator using a gantry-mounted cone beam computed 
tomography (CBCT) scan as on devices made by Varian, 
Elekta, or Novalis TxTM, CT on rails, or radiofrequency 
transponders, such as the Calypso® (Varian; CA, USA) real-
time tracking device, that are additionally able to provide 
intrafraction image guidance (17-20). The robotic-based 
radiosurgery system is able to track implanted fiducial 
markers using intrafractional orthogonal kilovoltage images 
taken every 15–30 seconds, and can make adjustments for 
any intrafraction motion during treatment (21).

While images taken prior to treatment account for 
interfraction motion of the prostate, radiation oncologists 
must also account for intrafraction motion, as one study 
using intraprostatic fiducial markers demonstrated that 
after 18 minutes, there is a 10% chance of displacement of 
the prostate of 5 mm or more (22). Consequently, when 

real-time imaging is not available, some authors advocate 
repeating an IGRT procedure every 5 minutes (23,24). 

Clinical outcomes for prostate SBRT

There have, to date, been no completed phase III randomized 
trials comparing the outcomes of patients with prostate 
cancer treated with SBRT to those receiving treatment CF- 
EBRT. However, there have been several phase I−II trials, 
prospective single institution reports, and retrospective 
single institution studies that provide detailed outcomes for 
patients with localized prostate cancer treated with SBRT. 
The majority of data for treatment of prostate cancer with 
SBRT is composed of patients treated to the prostate alone 
without any treatment to the pelvic lymph nodes. The 
largest study of patients with prostate cancer treated with 
SBRT comes from a pooled analysis of 1,100 patients with 
localized prostate cancer enrolled in separate prospective 
phase II trials from 8 institutions between 2003–2011 and 
treated to 35–40 Gy over 5 fractions (25). After a median 
follow up of 36 months, the actuarial 5-year freedom 
from biochemical failure (FFBF) was 95.2%, 84.1%, and 
81.2% for patients with low-, intermediate-, and high- risk 
disease, respectively. The study with the longest follow 
up time comes from a single-institution retrospective 
review which reported the outcomes of 477 patients with 
localized prostate cancer treated between 2006 and 2010 
who were treated to 35–36.25 Gy in 5 fractions using a 
robotic-based radiosurgery system device. After a median 
follow up time of 72 months, the actuarial 7-year FFBF 
was 95.6% and 89.6% for low- and intermediate-risk group 
patients, respectively (26). For a complete list of reports 
describing outcomes for patients treated with definitive 
SBRT using photons for localized prostate cancer, please 
see Table 1. As shown in Table 1, SBRT is highly effective as 
definitive treatment for low-risk (90–100% FFBF) prostate 
cancer, while its efficacy for patients with or intermediate-
risk (83.9–100% FFBF) or high-risk (33.3–90.8% FFBF) 
prostate cancer may be sub-optimal. 

A randomized trial has demonstrated that a low-dose-
rate brachytherapy boost added to whole pelvis EBRT 
to 46 Gy in 23 fractions provides superior FFBF when 
compared to dose-escalated EBRT for intermediate and 
high risk prostate cancer (45). Following a similar treatment 
paradigm, some investigators have suggested that SBRT can 
be used as a minimally-invasive alternative to brachytherapy 
as a method of delivering conformal radiation therapy and 
have demonstrated the efficacy of using a SBRT boost 
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Table 1 Photon-based stereotactic body radiation therapy for localized prostate cancer

Study
Number of  

patients

Radiation 
therapy  
device

Study  
type

Median  
follow up  

time (months)

Dose and 
fractionation

Actuarial  
FFBF

RTOG/CTCAE  
late GI toxicity  
≥ grade 3 (%)

RTOG/CTCAE  
late GU toxicity  
≥ grade 3 (%)

King  
et al. (25)

1,100 (641 L, 
334 I, 125 H)

Robotic arm Phase II 36 35–40 Gy in 
5 fx

5 years: 93% 
(95% L, 84% I, 
81% H)

NR NR

Katz  
et al. (26)

477 (324 L, 
153 I)

Robotic arm Retrospective 72 35–36.3 Gy 
in 5 fx

7 years: 93.7% 
(95.9% L,  
89.3% I)

0 1.70

Meier  
et al. (27)

309 (172 L, 
137 I)

Robotic arm Phase II 61 40 Gy in 5 fx 5 years: 87.1% 
(97.3% L,  
97.1% I)

0 2

Bernetich 
et al. (28)

142 (61 L,  
63 I, 18 H)

Robotic arm Retrospective 38 35–37.5 Gy 
in 5 fx

5 years: 92.7% 
(94.4% L, 94.2% 
I, 83.9% H)

0 2

Friedland 
et al. (29)

112 Robotic arm Retrospective 24 35–36 Gy in 
5 fx

97% FFBF 
(actuarial value 
not reported)

1 0

Mantz  
et al. (30)

102 (L) Gantry Retrospective 48 40 Gy in 5 fx 5 years: 100% 0 0

Bolzicco  
et al. (31)

100 (41 L,  
42 I, 17 H)

Robotic arm Prospective, 
single 
institution

36 35 Gy in 5 fx 3 years: 94.4% 0 1

Hannan  
et al. (32)

91 (33 L, 58 I) Gantry Phase I−II 54 45−50 Gy in 
5 fx

5 years: 98.6% 
(100% L, 98% I)

6.80 6

D’Agostino 
et al. (33)

90 (53 L, 37 I) Gantry Phase II 27 35 Gy in 5 fx 100 % FFBF for 
L, 94.5% FFBF 
for I (actuarial 
not reported)

0 0

Loblaw  
et al. (34)

84 (L) Gantry Phase I−II 55 35 Gy in 5 fx 5 years: 98% 1 1

Fuller  
et al. (35)

79 (40 L, 39 I) Robotic arm Retrospective 60 38 Gy in  
4 fx

5 years: 100% 
L, 92% I

0 6

Rucinska 
et al. (36)

68 (7L, 61 I) Gantry Prospective, 
single 
institution

24 33.5 Gy in  
5 fx

100 % FFBF 
(actuarial value 
not reported)

0 0

McBride  
et al. (37)

45 (L) Robotic arm Phase I 44.5 36.3–37.5 in 
5 fx

3 years: 97.7% 4.40 2.20

Lee  
et al. (38)

45 (6 L, 26 I, 
13 H)

Robotic arm Retrospective 63 36 Gy in 5 fx 5 years: 89.7% 0 4.40

Kang  
et al. (39)

44 (5 L, 28 I, 
11 H)

Robotic arm Retrospective 40 34–36 Gy in 
4 fx

5 years: 100% 
L, 100% I, 
90.8% H

0 0

Madsen  
et al. (40)

40 (L) Gantry Phase I/II 41 33.5 in 5 fx 4 years: 90% 0 0

Table 1 (continued)
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along with CF- EBRT for intermediate- and high-risk 
prostate cancer. The largest of these reports comes from 
Georgetown University, where 108 patients with prostate 
cancer (4 with low-, 45 with intermediate-, and 59 with 
high-risk disease) were treated with SBRT to 19.5 Gy in 
3 fractions followed by EBRT to the prostate, proximal 
seminal vesicles, and areas of extracapsular extension to 
45–50.4 Gy in 25–28 fractions (46). The 3-year actuarial 
FFBF was 100% for intermediate- and 89.8% for high-
risk patients. For a complete list of studies describing the 
outcomes of SBRT boost given in conjunction with EBRT, 
please see Table 2. 

Androgen deprivation therapy (ADT) with 
prostate SBRT

The addition of ADT to EBRT has been shown to improve 
overall survival for patients with intermediate- and high-
risk prostate cancer, though these studies were conducted 
before the era of dose-escalated EBRT (51-58). In a 
modern trial by Bolla et al. demonstrating the superiority 
of ADT with EBRT compared to patients treated with 
EBRT alone, only 197/819 patients received dose-escalated 
EBRT, and though the study did demonstrate improved 
clinical outcomes for these patients, the study was not 
powered to show improvements for the patients receiving  
dose-escalation (59). Whether or not ADT has a role in the 
era of dose-escalated EBRT for patients with intermediate 
risk prostate cancer is currently an active research question, 

and is being investigated by RTOG 08−15. The indications 
of ADT for patients undergoing prostate SBRT are 
similarly unclear. In a multi-institutional pooled data set of 
patients undergoing SBRT for prostate cancer, 147 patients 
underwent ADT in conjunction with SBRT (25). There was 
no difference in 5-year FFBF (92.6% vs. 91.3%, P=0.71) 
between patients receiving ADT and those not receiving 
ADT, though there was no uniform criteria for ADT use. 
The relatively poor results with SBRT alone for patients 
with high-risk prostate cancer suggest that some additional 
form of systemic therapy may prove beneficial. However, 
there are at this time no clear indications for the use of 
ADT with SBRT for patients with prostate cancer. 

Dose/fractionation, expansion, and patient 
eligibility

There are currently no consensus guidelines regarding 
the optimal dose, volumetric expansions, or patient-
eligibility for prostate SBRT. A majority of the data thus far 
reporting the outcomes for patients undergoing prostate 
SBRT have received 35–36.25 Gy in 5 daily fractions, a 
dose that provides good clinical outcomes for low- risk 
disease, while its efficacy in intermediate- or high-risk 
disease is less clear (25-44). A multi-institutional phase 
I-II trial treating patients to 50 Gy in 5 fractions described 
patients suffering from a high rate of GI toxicity, with 9.9% 
suffering from Common Toxicity Criteria for Adverse 
Events (CTCAE) v 3.0 ≥ grade 3 toxicity (32). Notably, 

Table 1 (continued)

Study
Number of  

patients

Radiation 
therapy  
device

Study  
type

Median  
follow up  

time (months)

Dose and 
fractionation

Actuarial  
FFBF

RTOG/CTCAE  
late GI toxicity  
≥ grade 3 (%)

RTOG/CTCAE  
late GU toxicity  
≥ grade 3 (%)

Jeong  
et al. (41)

39 (16 L, 23 I) Robotic arm Retrospective 30 37.5 Gy in  
5 fx

3 years: 93.9% 2.60 0

Park  
et al. (42)

39 (6L,  
20 I, 3 H)

Robotic arm Retrospective 42 3–36.3 Gy in 
5 fx

5 years: 100% 
L, 83.9% I, 
33.3% H

NR NR

Kim  
et al. (43)

33 (9 L, 24 I) Robotic arm Retrospective 51 36.3 Gy in  
5 fx

5 years: 100% 0 0

Kotecha  
et al. (44)

24 (11 I,  
13 H)

Gantry Retrospective 25 36.3 in 5  
(50 Gy in  
5 fx boost)

95.8% FFBF at 
2 years (actuarial 
not reported)

0 0

Data regarding the use of definitive prostate stereotactic body radiation therapy for treatment of localized prostate cancer. L, low-risk 
prostate cancer; I, intermediate-risk prostate cancer; H, high-risk prostate cancer; Gy, Gray; fx, fractions; NR, not reported; RTOG, 
Radiation Therapy Oncology Group; CTCAE, Common Terminology Criteria for Adverse Events; GI, gastrointestinal; GU, genitourinary.
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in the cohort receiving 50 Gy in 5 fractions, 6/61 patients 
required diverting colostomy to heal from the high-grade 
rectal toxicity, leading the authors to conclude this dose 
regimen resulted in an unacceptable level of late toxicity. 
In order to safely deliver the high doses offered by SBRT 
to the prostate while minimizing normal organ toxicity, 
the volumetric expansions surrounding the prostate must 
be minimal. The randomized RTOG 09−38 trial placed a 
5 mm PTV expansion around the prostate in all directions 
except posteriorly, where a 3 mm expansion was applied 
in order to minimize dose to the anterior rectal wall (23). 
Some authors using a robotic-based radiosurgery system 
have placed a 2 mm volumetric PTV expansion around 
the prostate, while reducing the posterior expansion to  
0 mm (25). Prospective phase I–II Trials have included low-,  
intermediate-, and high-risk prostate cancer patients for 
treatment with prostate SBRT (25,26,32-34,37,40). The 
FFBF for patients with high-risk disease have been between 
33.3–90.8%, suggesting that SBRT may not be the optimal 
treatment modality for this group of patients, and that 
the optimal candidates for SBRT may be solely low- or 
select intermediate-risk patients, though even some studies 
report FFBF rates for intermediate-risk patients as low as  
83.9% (42). One possible solution to managing higher risk 

disease may be with dose escalation. A single institution 
review from the Cleveland Clinic demonstrated that treating 
intermediate and high risk prostate cancer with a dose of  
50 Gy in 5 fractions while limiting a high-dose avoidance 
zone (HDAZ), which was a volume created by placing a 3 mm 
expansion on the urethra, rectum, and bladder, to 36.25 Gy 
in 5 fractions, was effective, with a 95.8% FFBF rate at two 
years (44). However, this result should be interpreted with 
caution, as this is a single-institution review with a small 
patient volume and limited follow up.

PSA kinetics following prostate SBRT

The PSA kinetics following prostate SBRT are distinct and 
may suggest a greater degree of efficacy when compared to 
those following treatment with CF-EBRT. One study from 
UCLA compared patterns of PSA response for 439 patients 
with low- or intermediate-risk prostate cancer following 
treatment with SBRT, high-dose-rate (HDR) brachytherapy, 
or CF-intensity modulated radiation therapy (IMRT) (60). 
The authors found that significantly more patients treated 
with SBRT or HDR brachytherapy had PSA nadirs of  
<0.5 ng/mL than those treated with IMRT (76.2% and 
75.9% vs. 44.9%, respectively, P<0.0001) and that overall, 

Table 2 Photon-based stereotactic body radiation therapy in conjunction with external beam radiation therapy for localized prostate cancer

Study
Number of 

patients
Study type

Median  
follow up  

time (months)

Dose and  
fractionation

Actuarial  
FFBF

RTOG/CTCAE  
late GI toxicity  
≥ grade 3 (%)

RTOG/CTCAE  
late GU toxicity  
≥ grade 3 (%)

Mercado 
et al. (46)

108 (4 L, 45 I, 
59 H)

Retrospective 41 19.5 Gy in 3 fx (SBRT) 
and 45−50.4 Gy in 
35−28 fx (CF-EBRT)

3 years: 100% 
I, 89.8% H

NR NR

Katz  
et al. (47)

73 (41 I, 32 H) Retrospective 33 18–21 Gy in 3 fx (SBRT) 
and 45 Gy in 25 fx  
(CF-EBRT)

3 years: 
89.5% I, 
77.7% H

0 1.40

Anwar  
et al. (48)

48 (14 I, 34 H) Retrospective 42.7 19–21 Gy in 2 fx (SBRT) 
and 45 Gy in 25 fx  
(CF-EBRT)

5 years: 90% 0 1

Lin  
et al. (49)

41 (H) Retrospective 42 21 Gy in 3 fx (SBRT) 
and 45 Gy in 25 fx  
(CF-EBRT)

4 years: 
91.9%

0 0

Kim  
et al. (50)

39 (20 I, 19 H) Retrospective 53.6 21 Gy in 3 fx (SBRT) 
and 45 Gy in 25 fx  
(CF-EBRT)

5 years: 100% 
I, 89.5% H

0 0

Data regarding the use of a prostate stereotactic body radiation therapy boost along with conventionally fractionated radiation therapy 
for the management of prostate cancer. L, low-risk prostate cancer; I, intermediate-risk prostate cancer; H, high-risk prostate cancer; 
Gy, Gray; fx, fractions; NR, not reported; RTOG, Radiation Therapy Oncology Group; CTCAE, Common Terminology Criteria for Adverse 
Events; GI, gastrointestinal; GU, genitourinary.
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SBRT and HDR brachytherapy caused significantly larger 
PSA decay rates (P<0.001) than IMRT, leading the authors 
to conclude that this difference in PSA kinetics may present 
a distinct radiobiological effect, and may be predictive of 
superior clinical outcomes. Other studies have confirmed 
that after one year of treatment, when compared to patients 
receiving treatment with CF-EBRT, the median PSA slope 
and nadir are lower for patients treated with SBRT (61,62).

Prostate SBRT vs. EBRT and brachytherapy

As stated previously, there have been no completed 
randomized trials comparing outcomes for patients treated 
with SBRT or CF-EBRT. RTOG 09−38 was a phase II trial 
that randomized 240 patients with low-risk prostate cancer 
to one of two hypofractionated regimens: 36.25 Gy in  
5 fractions (SBRT) or 51.6 Gy in 12 fractions (23). Patient-
reported outcomes were similar between the two arms, 
though efficacy endpoints have yet to be reported. A group 
in Philadelphia conducted a propensity score matched 
comparison of 263 patients with localized prostate cancer 
treated with SBRT or IMRT, and found no difference 
in 5-year FFBF between matched SBRT and IMRT 
groups (88.7% vs. 95.5%, respectively; P=0.1720) and no 
difference in toxicity, leading the authors to conclude that 
given the lower cost and convenience for patients, SBRT 
may be a suitable alternative treatment for patients with 
prostate cancer (63). Another group conducted a multi-
institutional analysis of 437 patients with intermediate risk 
prostate cancer treated with either SBRT (n=300) and HDR 
brachytherapy (n=137) and at 4 years, found no differences 
in FFBF in either treatment arm (95.3% vs. 98.5%, 
respectively, P=0.17), and concluded that both SBRT and 
HDR brachytherapy were appropriate treatments for 
patients with intermediate risk prostate cancer.

Toxicities

The primary toxicities associated with prostate SBRT 
are genitourinary (GU), gastrointestinal (GI), and sexual 
dysfunction. Most studies of toxicities due to prostate 
SBRT report RTOG/CTCAE ≥ grade 3 toxicity is typically 
<5%, with the notable exception being a phase I/II trial that 
treated patients to a dose of 50 Gy in 5 fractions, a dose 
which the authors conclude caused an unacceptably high 
level of rectal toxicity (25-44,46-50). A multi-institutional 
pooled analysis from 864 patients enrolled in phase II 
clinical trials and prospective protocols of prostate SBRT 

examined quality of life (QOL) outcomes for patients 
using the Expanded Prostate Cancer Index Composite 
(EPIC) questionnaire for the urinary, bowel, and sexual  
domains (64). The results showed that while there was a 
transient decline in the EPIC score for the urinary and 
bowel domains, at 24 months the EPIC scores for these 
domains had nearly returned to baseline. The scores for 
the sexual domain, however, declined steadily following 
treatment, with those patients interviewed at 72 months 
follow-up reporting a 13.7 point decrease from baseline. 
These results are supported by another single institution 
review of patient reported outcomes from 228 patients 
treated with prostate SBRT, who reported transient 
declined in urinary and bowel function that nearly returned 
to baseline within 2 years, but continued to report a steady 
decrease in sexual function without recovery (65).

A concern amongst physicians with the use of SBRT is 
that the large dose per fraction may lead to worse toxicity, 
particularly late toxicity, amongst patients (66,67). However, 
patient reported outcomes suggest similar toxicity rates and 
QOL decreases following SBRT when compared with other 
treatment modalities. In a multi-institutional pooled cohort 
analysis of 803 patients treated with IMRT, brachytherapy, 
or SBRT, patient-reported QOL outcomes using the EPIC 
questionnaire were assessed and compared across treatment 
modalities. On multivariate analysis, comparing SBRT to 
IMRT revealed treatment with SBRT was associated with 
superior bowel function scores (P=0.00014) but similar 
urinary irritation scores (P=0.55) (68). The same analysis, 
when comparing SBRT to brachytherapy, revealed that 
patients treated with SBRT reported both superior bowel 
function scores (P=0.001) and superior urinary irritation 
scores (P=0.00051). A recent survey queried 329 patients 
who had received treatment with either IMRT, HDR 
brachytherapy, or SBRT for localized prostate cancer at 
UCLA regarding treatment regret and expectations versus 
reality of toxicities experienced (69). The incidence of regret 
was least for patients treated with SBRT (19% for IMRT, 
18% for HDR, and 5% for SBRT, P<0.01), and a greater 
proportion of patients receiving treatment with SBRT rated 
that their actual toxicities were less than expected (43% for 
SBRT, 20% for IMRT, and 10% for HDR, P<0.01).

Various dosimetric and treatment-related factors can be 
adjusted to minimize the likelihood of toxicity. Authors have 
reported that keeping 35% of the circumference of the rectal 
wall <39 Gy, 50% of the rectal wall <24 Gy, the urethral 
point dose <47 Gy, and the bladder volume receiving 19 Gy  
<15 mL may decrease the incidence of Grade 2+ GI/ 
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GU toxicity (70,71). Prolongation of treatment, and an 
extended period of time between treatments, can also 
decrease the rate of toxicities in these patients. In an early 
phase II trial evaluating the safety and efficacy of SBRT 
for prostate cancer, investigators noted a reduced rate 
of urinary rectal toxicity with treatment administered 
every other day when compared to treatment delivered 
on 5 consecutive days (0% vs. 38%, P=0.0035) (72).  
A Canadian randomized trial sought to investigate the 
potential benefit of prolonging time between SBRT 
fractions, and compared SBRT treatments delivered every 
other day and to SBRT treatments delivered once a week, 
and demonstrated superior acute bowel toxicity (P<0.01) 
and urinary QOL (P<0.01) with the treatment delivered 
once per week (73). The placement of a rectal spacer may 
also decrease the rate of rectal toxicity in prostate SBRT 
patients. Rectal spacers increase the distance between the 
anterior rectal wall and the prostate from 1.6 to 12.6 mm, 
and the insertion of a spacer has, in a randomized trial, 
reduced the severity of rectal toxicity and improved bowel 
related QOL in patients undergoing CF-EBRT for prostate 
cancer (74). Dosimetric studies have demonstrated that 
the presence of a rectal spacer can decrease the volume 
of the rectal wall receiving the 90% isodose line up to 
90%, and a randomized phase III trial has demonstrated 
that the use of a rectal spacer for patients with prostate 
cancer undergoing CF IMRT reduces both rectal and GU 
toxicities, with patients receiving a spacer during treatment 
reporting superior bowel and urinary QOL scores (75). A 
phase II trial is currently being conducted to determine the 
rate of rectal toxicities for patients undergoing SBRT with 
the injection of a rectal spacer, which is expected confirm 
the benefits of a rectal spacer for prostate cancer patients 
undergoing SBRT (76). 

Cost effectiveness of SBRT

Prostate cancer SBRT is typically 4–5 fractions, significantly 
less than the 39–44 fraction course of CF- EBRT, 
increasing patient convenience and potentially increasing 
patient satisfaction with treatment, as patients report length 
of treatment as the biggest drawback of CF-EBRT (77).  
Additionally, without taking into account the cost of 
treatment, a 5-fraction SBRT course was estimated to 
save the patient $1,522 during the course of treatment 
due to decreases in travel time, time off work, and parking 
costs when compared with a typical 39-fraction course of  
EBRT (34). SBRT may potentially offer cost savings to 

payers. In one cost-effectiveness analysis between SBRT 
and CF- IMRT using Markov modeling, and assuming 
equal efficacy and equal toxicity rates, the mean cost and 
quality adjusted life years (QALYS) of SBRT was $22,152 
and 7.9 years, compared to $35,431 and 7.9 years for 
patients treated with IMRT (78). The authors calculated 
that if 50% of patients eligible for SBRT but treated with 
IMRT were instead treated with SBRT, this would save 
payers $250 million per year. A second cost-effectiveness 
study compared treated with SBRT, CF- IMRT, and 
proton-based radiation (PBT) for patients from both 
a payer perspective and from a societal perspective (by 
accounting for the age-specific cost per hour of time lost in 
treatment) using published reports to calculate and toxicity 
rates and assuming equal efficacy of each treatment (79). 
The authors found that SBRT was the least expensive 
treatment option when predicting lifetime costs from both a 
payer perspective ($24,873, $33,068, and $69,412 for SBRT, 
CF-IMRT, and PBT, respectively) and a societal perspective 
($25,097, $35,088, and $71,657 for SBRT, CF-IMRT , and 
PBT respectively), and concluded that SBRT was the most 
cost-effective treatment strategy. A study from Canada 
sought to compare the required resources for provision of 
SBRT with a robotic-based radiosurgery system or different 
linear accelerator based radiation techniques to CF-IMRT 
using administrative data (80). The costs of SBRT were 
determined to be $4,368/patient (arc-based), $4,443/patient 
(fixed gantry treatment), and $6,333/patient (robotic-based 
radiosurgery system) while the costs for 39-fraction IMRT 
were $5,935/patient (arc-based) and $7,992/patient (fixed 
gantry). The authors concluded that given equal safety 
and efficacy, arc-based SBRT was the most cost-effective 
management option. 

Future directions

While the National Comprehensive Cancer Network has 
listed SBRT for prostate cancer as an appropriate treatment 
regimen under select circumstances, the gold standard 
of evidence in medicine, phase III randomized trials, is 
currently lacking (2). Two such trials are currently accruing 
patients, the UK-based Prostate Advanced in Comparative 
Evidence (PACE) trial, which is comparing SBRT (36.25 Gy 
in 5 fractions) to surgery for operable patients and SBRT to 
CF-EBRT for nonsurgical patients (NCT01584258), and 
the Scandinavian HYPO trial, which is comparing SBRT 
(42.7 Gy in 7 fractions) to CF- IMRT for intermediate risk 
prostate cancer patient (ISRCTN45905321).
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Novel uses and treatment techniques utilizing prostate 
SBRT technology are promising. One such method is the 
use of SBRT to deliver a selective intraprostatic boost for 
visualized focal prostate cancer lesions. Researchers have 
demonstrated the safety and efficacy of treating Magnetic 
Resonance Imaging (MRI)-visible prostate lesions with 
an integrated boost to 11 Gy per fraction while the 
remaining prostate received 38 Gy in 4 fractions (81).  
While visualization of intraprostatic lesions remain 
challenging, newer prostate cancer imaging techniques 
including 11C-choline positron emission tomography/CT 
may further elucidate occult prostate lesions, potentially 
aiding in the discovery of lesions that may be amenable 
to a selective SBRT boost (82). SBRT may also be used in 
the management of prostate cancer recurrence following 
EBRT. Fuller et al. have described the successful treatment 
of 29 patients with locally recurrent prostate cancer who 
had previously undergone radiation to 34 Gy in 5 fractions,  
and described a 2-year FFBF of 82% with a 7% of 
patients experiencing grade 3 GU toxicity and no patients 
experiencing GI toxicity > grade 1 (83). Another group 
of investigators has also described re-irradiation with 
SBRT to 21 patients to a dose of 36.25 Gy in 5 fractions, 
and described a 1-year FFBF of 83.3% with no reported 
≥ grade 3 toxicities (84). The increased experience with 
SBRT coupled with improvements in image guidance and 
treatment delivery will likely increase the applications 
of SBRT for patients with prostate cancer that will both 
improve the patient experience during and after treatment 
while maintaining or improving clinical outcomes.

Conclusions

Prostate SBRT, while not having been compared to CF-
EBRT in a randomized trial, has been shown in multiple 
prospective phase I–II trials and single institution reviews 
to be both safe and effective. It is a cost-effective treatment 
offering increased convenience to patients, and has the 
potential to offer great savings to both payers. It is likely 
that SBRT will continue to achieve increased acceptance 
amongst the medical community and will become a widely- 
adopted standard of care for treatment of localized prostate 
cancer.
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