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Abstract
Background
Stereotactic body radiotherapy (SBRT) may yield disease control for prostate cancer in a
brief, hypofractionated treatment regimen without increasing treatment toxicity. Our report
presents a 6-year update from 304 low- (n = 211), intermediate- (n = 81), and high-risk (n =
12) prostate cancer patients who received CyberKnife SBRT.

Methods
The median PSA at presentation was 5.8 ng/ml. Fifty-seven patients received neoadjuvant
hormonal therapy for up to one year. The first 50 patients received a total dose of 35 Gy in 5
fractions of 7 Gy. The subsequent 254 patients received a total dose of 36.25 Gy in 5
fractions of 7.25 Gy. Toxicity was assessed with the Expanded Prostate Cancer Index
Composite questionnaire and the Radiation Therapy Oncology Group urinary and rectal
toxicity scale. Biochemical failure was assessed using the nadir + 2 definition.

Results
No patients experienced Grade III or IV acute complications. Fewer than 5% of patients
experienced any acute Grade II urinary or rectal toxicities. Late urinary Grade II
complications were observed in 4% of patients treated to 35 Gy and 9% of patients treated to
36.25 Gy. Five (2%) late Grade III urinary toxicities occurred in patients who were treated
with 36.25 Gy. Late Grade II rectal complications were observed in 2% of patients treated to
35 Gy and 5% of patients treated to 36.25 Gy. Bowel and urinary quality of life (QOL) scores
initially decreased, but later returned to baseline values. An overall decrease of 20% in the
sexual QOL score was observed. QOL in each domain was not differentially affected by
dose. For patients that were potent prior to treatment, 75% stated that they remained sexually
potent. Actuarial 5-year biochemical recurrence-free survival was 97% for low-risk, 90.7%
for intermediate-risk, and 74.1% for high-risk patients. PSA fell to a median of 0.12 ng/ml at
5 years; dose did not influence median PSA levels.

Conclusions
In this large series with long-term follow-up, we found excellent biochemical control rates
and low and acceptable toxicity, outcomes consistent with those reported for from high dose
rate brachytherapy (HDR BT). Provided that measures are taken to account for prostate
motion, SBRT’s distinct advantages over HDR BT include its noninvasiveness and delivery
to patients without anesthesia or hospitalization.
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Introduction
Conventional treatments for localized prostate cancer target local control at the potential
expense of morbidity and decreased quality of life. Urinary function impairment occurs in 528% of patients at 2 years after radical prostatectomy (RP) and in 2-14% of patients at 2
years after external-beam radiation therapy (EBRT) [1,2]. Bowel distress is found in 3-21%
of RP patients and 8-37% of EBRT patients 2 years after treatment [1]. Erectile dysfunction
has been reported in 51-82% and 30-51% of patients 2 years after RP and EBRT, respectively
[1,3,4]. Sexual quality-of-life (QOL) estimates show similar results for these treatments [2],
although it should be noted that the radiotherapy patients in this study were older on average,
and therefore more likely to have lower sexual QOL. Indeed, the rate of such complications
and the extent to which they reduce the QOL of prostate cancer patients contributed to a
recent recommendation from the United States Preventive Services Task Force (USPTF)
against routine prostate-specific antigen (PSA) screening for prostate cancer in men age 75 or
older [5]. Furthermore, the rate of complications and decreased QOL has prompted
researchers to consider using stereotactic body radiotherapy (SBRT) (i.e., highly targeted
radiotherapy with large daily doses of radiation) to try to increase disease control while
decreasing side effects.
Radiobiologically, slowly proliferating prostate cancer cells are thought to have a low α/β
ratio; in two recent reviews of studies in which the fractional dose was varied, the α/β ratio

continued to average about 1.5 Gy [6,7], consistent with the earliest estimates of Brenner and
Hall [8]. This low α/β ratio suggests that prostate cancer cells have a high sensitivity to dose
per fraction. This sensitivity suggests that a hypofractionated radiation delivery regime with a
large radiation dose delivered in a smaller number of fractions may be advantageous.
The first reported hypofractionated radiation therapy treatments for prostate cancer occurred
in the early 1960s [9]. Treatments of 36 Gy delivered in 6 equal fractions were motivated by
resource limitations rather than radiobiology. Nevertheless, two decades of follow-up has
confirmed that this regimen leads to favorable and long-term local response, survival, and
safety. Subsequently, hypofractionated prostate cancer treatment has been performed with
EBRT in per-fraction doses of 2.5-3.1 Gy [10-13], with brachytherapy (BT) in per-fraction
doses of 5.5-11.5 Gy [14-16], and with linac-based SBRT in per-fraction doses of 6.7 Gy in 5
fractions [17]. In the first paper to report on CyberKnife® SBRT (Accuray Incorporated,
Sunnyvale, CA), King et al. reported a median 33-month follow-up for patients that received
5 fractions of 7.25 Gy (for a total dose of 36.25 Gy). They did not observe any biochemical
failure and the early and late toxicity profiles of their patients were no worse than equivalent
historical cohorts treated with conventional EBRT [18]. We found similar results in an earlier
paper that discussed 304 patients who were treated with CyberKnife and had a limited
median follow-up of 19 months [19]. At 19 months, toxicity was low and early PSA control
was encouraging. Other reports have since been published that found similarly low toxicity
and high efficacy [20-24]. In a study of 41 low-risk patients with the longest follow-up from
the combined Stanford and Naples, Florida groups, Freeman and King [25] reported a 5-year
biochemical disease-free survival rate of 93% that was accompanied by low toxicity. Thus,
although long-term follow-up is limited, hypofractionated treatment of prostate cancer can
result in effective biochemical control while maintaining low rectal and bladder toxicities.
Our report presents a 6-year update of treatment results from 304 low-, intermediate-, and
high-risk prostate cancer patients who received CyberKnife SBRT. Particular attention is
given to biochemical control and urinary, rectal, and sexual toxicities.

Methods and materials
Patient population
Data were analyzed for all clinically localized prostate cancer patients who were treated with
CyberKnife SBRT at Winthrop University between April 2006 and July 2008. The treatment
protocol was IRB-approved and the first 15 patients were treated in a prospective fashion to
assess the feasibility of the approach in our hands. Subsequent patients were treated
according to this approved protocol, but not as part of a prospective study. All patients
provided informed consent for their outcomes to be incorporated in this retrospective study.
All 304 patients had adenocarcinoma of the prostate. Of these patients, 280 (92.2%) of them
presented with clinical stage T1c N0 M0 and 24 (7.8%) presented with clinical stage T2a N0
M0 (as determined by a physical exam and bone and CT scans). The median PSA at
presentation was 5.8 ng/ml (range, 0.7-27.3 ng/ml). Table 1 details the patient characteristics.
All patients signed consent statements and were informed of the potential risks involved with
CyberKnife treatment. The treatment protocol received institutional review board approval.

Table 1 Patient characteristics at diagnosis
Age at diagnosis
Mean (range)
Age at diagnosis
45–49
50–54
55–59
60–64
65–70
70–74
75–79
80–84
85-88
PSA level at diagnosis
Mean (range)
Median
PSA level at diagnosis
<4 ng/mL
4–10 ng/mL
>10–20 ng/mL
>20 ng/mL
Clinical stage
T1cN0M0
T2aN0M0
Gleason score
=6
=7
>8
Hormone treatment
No
Yes
Risk assessment: Criteria
Low risk: Gleason Score ≤ 6 and PSA ≤ 10 ng/ml.
Intermediate risk: Gleason = 7 or PSA > 10 and PSA < 20
High risk: Gleason ≥ 8 or PSA > 20

Years
69.2 (45 – 88)
Number of
patients
1
7
23
35
54
80
54
36
14
ng/mL
6.08 (0.7 to 27.7)
5.8
Number of
patients
59
203
40
2
Number of
patients
280
24
Number of
patients
222
70
12
Number of
patients
247
57
Number of
patients
211
81
12

Percent of
patients
0.3
2.3
7.6
11.5
17.8
26.3
17.8
11.8
4.6

Percent of
patients
19.4
66.8
13.2
0.7
Percent of
patients
92.1
7.9
Percent of
patients
73
23
4
Percent of
patients
81.3
18.8
Percent of
patients
69.4
26.6
0.7

Hormone therapy
Fifty-seven patients received neoadjuvant hormonal therapy. As this therapy was usually
stopped at the time of consultation, 29 (51%) of those patients received it for up to three

months. The remaining 28 patients (49%) received hormone therapy for up to one year at the
discretion of the patient’s urologist.

Treatment planning and delivery
Image-guided SBRT was delivered to all patients using the CyberKnife with Multiplan®
inverse treatment planning and motion tracking throughout treatment based on internal
fiducials. A detailed description of the CyberKnife system can be found elsewhere [26].
Approximately 2 weeks before treatment planning, 4 gold fiducial seeds were placed
transperineally in each patient to allow for motion tracking during treatment. Two of the
seeds were implanted at the prostate apex and two were implanted at its base. After allowing
time for possible seed migration, treatment planning was performed prior to the treatment day
using a CT scan (1.5-mm cuts) with MRI fusion. All pretreatment imaging was performed
with the patient in the same position that was used for his treatment delivery. For low-risk
patients, just the prostate made up the gross target volume (GTV). For intermediate- to highrisk patients who had a Gleason Score of greater than 6 and a PSA of greater than 15 ng/ml,
the proximal half of the seminal vesicles was added to the GTV. After the GTV was
delineated, a margin was added to create the planning target volume (PTV). For low- and
intermediate-risk patients, the margin was extended 5 mm on all sides except for posteriorly
(by the rectum) where a 3-mm margin was used. For high-risk patients, an 8-mm margin was
added to the involved side. All patients had the bladder, prostate, rectum, seminal vesicles,
and penile bulb contoured; the urethra was not identified.
SBRT was delivered at two dose levels. The first 50 patients (16%) received a total dose of
35 Gy in 5 fractions of 7 Gy each to cover at least 96% of the PTV. The subsequent 254
patients (84%) received a total dose of 36.25 Gy in 5 fractions of 7.25 Gy to cover at least
96% of the PTV. The dose was increased to 7.25 Gy per fraction when preliminary reports at
scientific meetings indicated that the higher dose could be delivered safely (based on early
results of the study by King et al. of Stanford University; [18]). The mean number of beams
was 152 (range, 140–170). The mean D50 to the bladder and rectum was 43% and 41% of the
prescribed dose, respectively.
Treatments were performed on five consecutive days. In the morning before each treatment,
patients completed a bowel prep that included Dulcolax® (Boehringer Ingelheim, Ingelheim,
Germany) and a Fleet enema (C.B. Fleet Company, Inc., Lynchburg, Virginia). In addition, at
least 15–20 minutes before treatment all patients received 1500 mg of amifostine
(MedImmune, LLC, Gaithersburg, MD) that was mixed in saline and instilled into the
rectum.

Follow-up schedule and toxicity assessment
Each patient was seen for follow-up three weeks after his final treatment, four months after
that, and every six months thereafter. After two years, follow-up was done annually. Toxicity
was assessed at every follow-up visit and used the Expanded Prostate Cancer Index
Composite (EPIC) questionnaire [27] and the Radiation Therapy Oncology Group (RTOG)
urinary and rectal toxicity scale. Acute toxicity was defined as those events that presented
and resolved within the first 3 months following treatment. PSA was assessed by the referring
urologist 3 and 6 months after treatment and every 6 months thereafter. Biochemical failure

was the end point of the study and used the Phoenix (nadir + 2) biochemical failure definition
[28].

Results
Follow-up
The median follow-up for all patients was 60 months (range, 8–78 months). Patients who
received the higher dose (36.25 Gy) had a median follow-up of 60 months (range, 8–72
months). For the lower dose (35 Gy), the median follow-up was 72 months (range, 9–78
months). Sixteen patients were lost to follow-up. Although there were 5 deaths in the 35 Gy
group and 21 deaths in the 36.25 Gy group, none of these deaths were due to prostate cancer.

Acute toxicity
Except for one patient who died from causes other than prostate cancer at 4 months, all
patients received a toxicity follow-up at 3 weeks and 5 months. Acute toxicity profiles were
thus collected for 303 patients. Table 2 presents the RTOG-scale-graded acute urinary and
rectal toxicities that were observed during the first 3 months as a function of treatment dose.
No patients experienced any Grade III or IV acute complications. Fewer than 5% of patients
(14/303) experienced any acute Grade II urinary or rectal toxicities.
Table 2 Acute bladder/rectal toxicity using RTOG scoring after prostate treatment
using the 35 and 36.25 Gy doses
RTOG grade% (number) of patients
Total dose
0
I
II
III & IV
35 Gy
24% (12)
72% (36)
4% (2)
–
Acute urinary
36.25 Gy
20.5% (52)
74.8% (190)
4.7% (12)
–
35.00
Gy
20%
(10)
76%
(38)
4%
(2)
–
Acute rectal
36.25 Gy
22.% (56)
74.4% (189)
3.5% (9)
–

Late toxicity
Figure 1 presents late urinary and rectal toxicities and differentiates them for all patients by
dose. Late urinary Grade II complications were observed in 4% of patients treated to 35 Gy
and 9% of patients treated to 36.25 Gy. Five (2%) late Grade III urinary toxicities occurred in
patients who were treated with 36.25 Gy. Although a difference in late urinary complication
rates was observed between patients who received 35 Gy or 36.25 Gy, this observation was
not statistically significant (p > 0.5). Late rectal Grade II complications were observed in 2%
of patients treated to 35 Gy and 5% of patients treated to 36.25 Gy. Late rectal complications
also did not differ between groups (p > 0.5).
Figure 1 RTOG-graded late toxicity for patients treated with 35 or 36.25 Gy.

Quality of life
All patients completed the initial EPIC questionnaire prior to treatment. For subsequent time
points, the number of patients that completed this questionnaire varied, depending on how

many patients reached each follow-up time point and also completed the questionnaire.
Figure 2 shows the EPIC scores for bowel, urinary, and sexual QOL. Bowel and urinary QOL
scores initially decreased, but then returned to baseline values. For sexual QOL, an overall
gradual decrease of about 10% in the QOL score was observed. QOL in each domain was not
differentially affected by dose (see Figure 3). To further examine sexual QOL and determine
if patients remained potent, we verbally screened patients that were potent prior to treatment
(n = 228). At a median 60 months follow-up (range, 48–78 months), 75% percent of them
(172/228) stated that they remained sexually potent; 25% of these patients required
medication. EPIC QOL scores are presented as a function of dose in Figure 3. In no case was
dose a significant determinant of QOL (p < 0.05).
Figure 2 Mean EPIC quality of life scores. Under the figure are percentages of patients
reaching each time point that completed the EPIC ((number completing EPIC / number at
risk) × 100).
Figure 3 Mean EPIC quality of life scores as a function of dose. All differences were not
significant (p > 0.05).

Biochemical control and PSA
Actuarial 5-year biochemical recurrence-free survival was 97% for low-risk, 90.7% for
intermediate-risk, and 74.1% for high-risk patients (Figure 4). For low-risk patients, there
was no difference in biochemical disease-free survival (BDFS) as a function of dose, ie 35
Gy vs 36.25 Gy (98% vs 97%). In fact, 43 low-risk and 7 intermediate-risk patients that were
treated with 35 Gy had a BDFS of 98% at 6 years. In the intermediate-risk category, patients
with a Gleason score of 4 + 3 had a 5-year BDFS of 84% vs a bRFS of 95% for those with a
Gleason score of less than 4 + 3. PSA fell to a median of 0.12 ng/ml at 5 years; dose did not
influence median PSA levels (see Figure 5). PSA for hormone-treated patients versus those
not treated with hormones is also shown in Figure 5. PSA was clearly lower at the 3-month
time point for hormone-treated patients, but not at other time points. A PSA bounce of greater
than 0.2 ng/ml occurred in 51/304 (17%) of patients with a median time-to-bounce of 30
months. The median bounce was 0.55 ng/ml.
Figure 4 Kaplan-Meier biochemical disease-free survival for each risk group.
Figure 5 Mean PSA at baseline and after SBRT for both dose groups and for patients
treated with or without hormones (=/- standard deviation). Dose did not significantly
alter PSA levels over time.

Discussion
In this large series with long-term follow-up, we found excellent biochemical control rates
and low and acceptable toxicity. PSA fell steadily after treatment and achieved very low
levels (mean of 0.25 ng/ml) within 4–5 years, findings that portend good long-term disease
control outcomes [29,30]. These findings support an estimate of the α/β ratio of 1.5 Gy. A
ratio of 1.5 Gy means that we have delivered an equivalent dose (EQD) of 90–96 Gy at 1.8
Gy per fraction, an EQD which accounts for the higher control rates than those seen with the
use of 81 Gy [29]. Although our results with high-risk patients are encouraging, it is

important to note that our study included only 12 patients and more data is necessary to
confirm these findings.
Our outcomes are consistent with those that have resulted from high dose rate brachytherapy
(HDR BT), with or without EBRT [15,16]. In a recent paper Demanes et al. [14] reported an
8-year recurrence-free survival of 97% in a mixed cohort of low and intermediate-risk
patients. If additional follow-up confirms that this level of long-term disease control can be
obtained with SBRT, SBRT’s advantages over HDR BT, primarily its non-invasiveness and
ability to deliver treatment to patients without anesthesia or hospitalization may make it the
preferred modality.
We employed two dose levels in our study. We initially treated patients with 35 Gy but
escalated to 36.25 Gy six months into the study after observing low acute toxicity at 35 Gy
and after reports from others of acceptable toxicity at a dose of 36.25 Gy. Based on current
data, however, the higher dose does not appear to be necessary for low and low-intermediate
patients. No difference in PSA control or nadirs were seen between the two doses, a finding
which corroborated a recent matched-pairs study with 48 month follow-up [31]. A trend to
increased toxicity with the 36.25 Gy dose was observed. It is possible that these events did
not rise to the level of statistical significance due to the small number of patients within the
35 Gy group. Due to these findings, we resumed treating low- and low-intermediate risk
patients with 35 Gy soon after the present study was completed. With more patients and
longer follow-up a significant improvement in toxicity at the lower dose may be observed, in
which case 35 Gy may be the optimal dose to assure long-term disease control and low
toxicity. Such a finding would imply a flattening of the biologically equivalent dose response
curve from 90–96 Gy EQD (assuming an α/β ratio of 1.5 Gy).
Our results are supported by a recent study of 1101 patients in a pooled analysis from eight
institutions [32], reported at the 2012 meeting of the American Society of Radiation
Oncology (ASTRO). This analysis reported only on biochemical control outcomes and found
96%, 92%, and 80% control with five-year actuarial follow-up for low-, intermediate- and
high-risk patients, respectively. These results excluded the PSA failures that subsequently
resolved on their own (i.e., “bounces”). Importantly, the three-year median follow-up results
were excellent (at 80% control) for more than 100 patients with high-risk disease. These
outcomes approximate those obtained in the current study, as well as from a study by Katz et
al. [33] that reported long-term follow-up results for high-risk patients that received a
CyberKnife boost after EBRT. In this study a biochemical control rate of 77.7% at 3 years
was obtained for high-risk patients who received 45 Gy to the pelvis followed by a
CyberKnife boost of 18–21 Gy. No differences were found between patients who received 35
Gy or doses as high as 40 Gy. The use of ADT also did not affect outcomes. Longer followup with more patients is warranted before firm conclusions can be made about the efficacy of
SBRT monotherapy or SBRT as a boost for these patients at a higher risk for disease outside
the prostate.
Because surgery is often used instead of radiation to treat prostate cancer, patients need
information on both disease control and QOL changes associated with either modality. To
better gauge the impact of prostate cancer treatment on QOL, one study compared the QOL
responses from a large group of patients who had recently received CyberKnife SBRT to
those of a similar group who instead underwent open surgery [34]. EPIC scores were used to
assess QOL. For all time intervals up to 36 months, the patients who received SBRT had
superior EPIC scores (in terms of urinary and sexual domains) than those who underwent

surgery. Bowel domain was slightly worse in the short term for those in the SBRT group, but
patients in both the SBRT and surgery groups had excellent preservation of bowel function
after 12 months. It is important to note that surgical patients underwent open prostatectomy.
It is possible that improvements in prostatectomies, including the use of laparoscopic
techniques, will improve QOL post-surgery. On the other hand, SBRT patients in this study
were older, on average, a factor that could have swayed QOL in favor of surgery. Although it
is clearly not appropriate to assert forcefully the superiority of SBRT over surgery based on
the data in this study, there is at least no evidence that SBRT results in poorer QOL outcomes
for prostate cancer patients.

Conclusions
In this study of 304 patients followed out to 6 years, we found excellent biochemical control
rates with low and acceptable toxicity. Provided prostate motion is tracked and accounted for,
high-dose, hypofractionated SBRT for prostate cancer appears that it may be an attractive
treatment option for patients with low- and intermediate-risk disease. Longer-term follow-up
with additional patients is needed to firmly assess efficacy and toxicity of SBRT relative to
other, more established approaches, and its utility in high-risk patients.

Competing interests
Dr. Katz has received speaker’s honoraria from Accuray, Inc., Sunnyvale CA. The remaining
authors declare that they have no competing interests.

Authors’ contributions
AK was responsible for the treatment of the patients, collection of data, interpretation of data
and manuscript preparation. MS, FD, and RA were responsible for gathering and interpreting
data, manuscript revision and final manuscript approval. All authors read and approved the
final manuscript.

Acknowledgements
We gratefully acknowledge the editorial assistance of Rose Tomey, Accuray, Incorporated.
The views expressed here are entirely the authors’; Accuray did not provide assistance with
data collection, compilation, or interpretation.

References
1. Potosky AL, Legler J, Albertsen PC, Stanford JL, Gilliland FD, Hamilton AS, Eley JW,
Stephenson RA, Harlan LC: Health outcomes after prostatectomy or radiotherapy for
prostate cancer: results from the prostate cancer outcomes study. J Natl Cancer Inst
2000, 92:1582–1592.
2. Sanda MG, Dunn RL, Michalski J, Sandler HM, Northouse L, Hembroff L, Lin X,
Greenfield TK, Litwin MS, Saigal CS, et al: Quality of life and satisfaction with outcome
among prostate-cancer survivors. N Engl J Med 2008, 358:1250–1261.

3. Robinson JW, Moritz S, Fung T: Meta-analysis of rates of erectile function after
treatment of localized prostate carcinoma. Int J Radiat Oncol Biol Phys 2002, 54:1063–
1068.
4. Siglin J, Kubicek GJ, Leiby B, Valicenti RK: Time of decline in sexual function after
external beam radiotherapy for prostate cancer. Int J Radiat Oncol Biol Phys 2010,
76:31–35.
5. Force USPST: Screening for prostate cancer: U.S. Preventive services task force
recommendation statement. Ann Intern Med 2008, 149:185–191.
6. Dasu A, Toma-Dasu I: Prostate alpha/beta revisited – an analysis of clinical results
from 14 168 patients. Acta Oncol 2012, 51:963–974.
7. Miralbell R, Roberts SA, Zubizarreta E, Hendry JH: Dose-fractionation sensitivity of
prostate cancer deduced from radiotherapy outcomes of 5,969 patients in seven
international institutional datasets: alpha/beta = 1.4 (0.9-2.2) Gy. Int J Radiat Oncol Biol
Phys 2012, 82:e17–e24.
8. Brenner DJ, Hall EJ: Fractionation and protraction for radiotherapy of prostate
carcinoma. Int J Radiat Oncol Biol Phys 1999, 43:1095–1101.
9. Collins CD, Lloyd-Davies RW, Swan AV: Radical external beam radiotherapy for
localised carcinoma of the prostate using a hypofractionation technique. Clin Oncol (R
Coll Radiol) 1991, 3:127–132.
10. Kupelian PA, Willoughby TR, Reddy CA, Klein EA, Mahadevan A: Hypofractionated
intensity-modulated radiotherapy (70 Gy at 2.5 Gy per fraction) for localized prostate
cancer: cleveland clinic experience. Int J Radiat Oncol Biol Phys 2007, 68:1424–1430.
11. Livsey JE, Cowan RA, Wylie JP, Swindell R, Read G, Khoo VS, Logue JP:
Hypofractionated conformal radiotherapy in carcinoma of the prostate: five-year
outcome analysis. Int J Radiat Oncol Biol Phys 2003, 57:1254–1259.
12. Lukka H, Hayter C, Julian JA, Warde P, Morris WJ, Gospodarowicz M, Levine M,
Sathya J, Choo R, Prichard H, et al: Randomized trial comparing two fractionation
schedules for patients with localized prostate cancer. J Clin Oncol 2005, 23:6132–6138.
13. Yeoh EE, Holloway RH, Fraser RJ, Botten RJ, Di Matteo AC, Butters J, Weerasinghe S,
Abeysinghe P: Hypofractionated versus conventionally fractionated radiation therapy
for prostate carcinoma: updated results of a phase III randomized trial. Int J Radiat
Oncol Biol Phys 2006, 66:1072–1083.
14. Demanes DJ, Martinez AA, Ghilezan M, Hill DR, Schour L, Brandt D, Gustafson G:
High-dose-rate monotherapy: safe and effective brachytherapy for patients with
localized prostate cancer. Int J Radiat Oncol Biol Phys 2011, 81:1286–1292.
15. Demanes DJ, Rodriguez RR, Schour L, Brandt D, Altieri G: High-dose-rate intensitymodulated brachytherapy with external beam radiotherapy for prostate cancer:

California endocurietherapy's 10-year results. Int J Radiat Oncol Biol Phys 2005,
61:1306–1316.
16. Martinez A, Gonzalez J, Spencer W, Gustafson G, Kestin L, Kearney D, Vicini FA:
Conformal high dose rate brachytherapy improves biochemical control and cause
specific survival in patients with prostate cancer and poor prognostic factors. J Urol
2003, 169:974–979. discussion 979–980.
17. Madsen BL, Hsi RA, Pham HT, Fowler JF, Esagui L, Corman J: Stereotactic
hypofractionated accurate radiotherapy of the prostate (SHARP), 33.5 Gy in five
fractions for localized disease: first clinical trial results. Int J Radiat Oncol Biol Phys
2007, 67:1099–1105.
18. King CR, Brooks JD, Gill H, Pawlicki T, Cotrutz C, Presti JC Jr: Stereotactic body
radiotherapy for localized prostate cancer: interim results of a prospective phase II
clinical trial. Int J Radiat Oncol Biol Phys 2009, 73:1043–1048.
19. Katz AJ, Santoro M, Ashley R, Diblasio F, Witten M: Stereotactic body radiotherapy
for organ-confined prostate cancer. BMC Urol 2010, 10:1.
20. Aluwini S, van Rooij P, Hoogeman M, Bangma C, Kirkels WJ, Incrocci L, KolkmanDeurloo IK: CyberKnife stereotactic radiotherapy as monotherapy for low- to
intermediate-stage prostate cancer: early experience, feasibility, and tolerance. J
Endourol 2010, 24:865–869.
21. Bolzicco G, Favretto MS, Scremin E, Tambone C, Tasca A, Guglielmi R: Image-guided
stereotactic body radiation therapy for clinically localized prostate cancer: preliminary
clinical results. Technol Cancer Res Treat 2010, 9:473–477.
22. Jabbari S, Weinberg VK, Kaprealian T, Hsu IC, Ma L, Chuang C, Descovich M, Shiao S,
Shinohara K, Roach M 3rd, Gottschalk AR: Stereotactic body radiotherapy as
monotherapy or post-external beam radiotherapy boost for prostate cancer: technique,
early toxicity, and PSA response. Int J Radiat Oncol Biol Phys 2012, 82:228–234.
23. Kang JK, Cho CK, Choi CW, Yoo S, Kim MS, Yang K, Yoo H, Kim JH, Seo YS, Lee
DH, Jo M: Image-guided stereotactic body radiation therapy for localized prostate
cancer. Tumori 2011, 97:43–48.
24. McBride SM, Wong DS, Dombrowski JJ, Harkins B, Tapella P, Hanscom HN, Collins
SP, Kaplan ID: Hypofractionated stereotactic body radiotherapy in low-risk prostate
adenocarcinoma: Preliminary results of a multi-institutional phase 1 feasibility trial.
Cancer 2012, 118:3681–3690.
25. Freeman DE, King CR: Stereotactic body radiotherapy for low-risk prostate cancer:
five-year outcomes. Radiat Oncol 2011, 6:3.
26. Romanelli P, Schaal DW, Adler JR: Image-guided radiosurgical ablation of intra- and
extra-cranial lesions. Technol Cancer Res Treat 2006, 5:421–428.

27. Wei JT, Dunn RL, Litwin MS, Sandler HM, Sanda MG: Development and validation of
the expanded prostate cancer index composite (EPIC) for comprehensive assessment of
health-related quality of life in men with prostate cancer. Urology 2000, 56:899–905.
28. Roach M 3rd, Hanks G, Thames H Jr, Schellhammer P, Shipley WU, Sokol GH, Sandler
H: Defining biochemical failure following radiotherapy with or without hormonal
therapy in men with clinically localized prostate cancer: recommendations of the
RTOG-ASTRO phoenix consensus conference. Int J Radiat Oncol Biol Phys 2006,
65:965–974.
29. Ray ME, Thames HD, Levy LB, Horwitz EM, Kupelian PA, Martinez AA, Michalski JM,
Pisansky TM, Shipley WU, Zelefsky MJ, et al: PSA nadir predicts biochemical and
distant failures after external beam radiotherapy for prostate cancer: a multiinstitutional analysis. Int J Radiat Oncol Biol Phys 2006, 64:1140–1150.
30. Stock RG, Klein TJ, Cesaretti JA, Stone NN: Prognostic significance of 5-year PSA
value for predicting prostate cancer recurrence after brachytherapy alone and
combined with hormonal therapy and/or external beam radiotherapy. Int J Radiat Oncol
Biol Phys 2009, 74:753–758.
31. Katz AJ, Santoro M, Ashley R, Diblasio F: Stereotactic body radiation therapy for
low- and low-intermediate-risk prostate cancer: is there a dose effect? Front Rad Oncol
2011, 1:49.
32. Katz A, Freeman D, Aronovitz J, Fuller D, Bolzicco G, Meier R, Collins S, Wang J,
Steinberg M, King CR: Five-year biochemical control rates for stereotactic body radiation
therapy for organ-confined prostate cancer: A multi-institutional pooled analysis. Boston,
MA: American Society of Radiation Oncology; 2012.
33. Katz AJ, Santoro M, Ashley R, Diblasio F, Witten M: Stereotactic body radiotherapy
as boost for organ-confined prostate cancer. Technol Cancer Res Treat 2010, 9:575–582.
34. Katz A, Ferrer M, Suarez JF: Comparison of quality of life after stereotactic body
radiotherapy and surgery for early-stage prostate cancer. Radiat Oncol 2012, 7:194.

Figure 1

EPIC Score

100

Bowel
Urinary

50

Sexual

0
0
Figure 2

12

24
36
Months

48

60

EPIC Score (% baseline)

Bowel

80
60
40

35 Gy
36.25 Gy

20
0
0

12

24
36
Months

EPIC Score (% baseline)

EPIC Score (% baseline)

100

48

60

100

Urinary
50

35 Gy
36.25 Gy
0
0

12

24
36
Months

100

Sexual
50

35 Gy
36.25 Gy
0
0

Figure 3

12

24
36
Months

48

60

48

60

% biochemical
disease-free survival

100
80
60

5-year bDFS
Low-Risk = 97% (95% CI: 93.5-98.6%)

40

Interm-Risk = 90.7% (95% CI: 81.4-95.5%)

20

High-Risk = 74.1% (95% CI: 39.1-90.9%)

0
0

12

24

36

48

60

72

127
42
4

44
9
1

Months Follow-up
Pt Response:

Figure 4

Low 211
Int
81
High 12

206
79
12

202
74
10

197
72
10

193
66
8

15

35 Gy
36.25 Gy

PSA ng/ml

PSA ng/ml

15

10

5

0

Hormone+
Hormone-

10

5

0
0

Figure 5

12

24

36

Months

48

60

72

0

12

24

36

Months

48

60

72

