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Abstract

Objectives: To report on initial patient characteristics, treatment practices, toxicity, and early biochemical
disease-free survival (bDFS) of localized prostate cancer treated with stereotactic body radiotherapy (SBRT)

and enrolled in the RSSearch® Patient Registry.

Methods: A retrospective analysis was conducted on patients with clinically localized prostate cancer

enrolled in RSSearch® from June 2006 - January 2015. Patients were classified as low-risk (PSA < 10 ng/ml,
T1c-T2a, Gleason score < 6), intermediate-risk (PSA 10.1 - 20 ng/ml, T2b-T2c, or Gleason 7), or high-risk
(PSA > 20 ng/ml, T3 or Gleason > 8). Toxicity was reported using Common Toxicity Criteria for Adverse
Events, version 3. Biochemical failure was assessed using the Phoenix definition (nadir + 2 ng/ml). The
Kaplan-Meier analysis was used to calculate bDFS and association of patient and tumor characteristics with
the use of SBRT.

Results: Four hundred thirty-seven patients (189 low, 215 intermediate, and 33 high-risk) at a median of 69
years (range: 48-88) received SBRT at 17 centers. Seventy-eight percent of patients received 36.25 Gy/5
fractions, 13% received 37 Gy/5 fractions, 6% received 35 Gy/5 fractions, 3% received 38 Gy/4 fractions, and
5% received a boost dose of 19.5-29 Gy following external beam radiation therapy. Median follow-up was 20
months (range: 1-64 months). Genitourinary (GU) and gastrointestinal (GI) toxicities were minimal, with no
acute or late Grade 3+ GU or GI toxicity. Late Grade 1 and 2 urinary frequency was 25% and 8%. Late Grade 1
and 2 proctitis was 3% and 2%. Median PSA decreased from 5.8 ng/ml (range: 0.3-43) to 0.88, 0.4, and 0.3
ng/ml at one, two, and three years. Two-year bDFS for all patients was 96.1%. Two-year bDFS was 99.0%,
94.5%, and 89.8% for low, intermediate, and high-risk patients (p < 0.0001). Two-year bDFS was 99.2%,
93.2%, and 90.4% for Gleason < 6, Gleason 7, and Gleason > 8 (p < 0.0001). Two-year bDFS was 96.4%, 97.2%,
and 62.5% for PSA < 10 ng/ml, PSA 10.1 - 20 ng/ml, and PSA > 20 ng/ml (p < 0.0001). Clinical T Stage was not
significantly associated with bDFS.

Conclusions: Early disease outcomes of SBRT for the treatment of clinically localized prostate cancer from a
multicenter patient registry compare favorably with reports from single institutions. Acute and late GU and
GI toxicities were minimal, and PSA response to SBRT was highly encouraging. Continued accrual and
follow-up will be necessary to confirm long-term results.

Categories: Radiation Oncology, Urology
Keywords: prostate cancer, stereotactic body radiotherapy, sbrt, psa, prostate-specific antigen, genitourinary
malignancies, registry, aging, disease-free survival

Introduction

Prostate cancer remains the most common cancer diagnosed in men with an estimated 220,800 newly
diagnosed cases and 27,540 estimated deaths in the US in 2015 [1]. The majority of prostate cancer patients
are diagnosed with clinically localized disease for which the five-year survival rate is near 100%. For patients
with early-stage prostate cancer and a life expectancy greater than 10 years, treatment management options
may include active surveillance, radical prostatectomy, external beam radiation therapy, and brachytherapy
[2]. Studies have shown similar survival and bDFS rates for early-stage prostate cancer patients treated with
these treatment methods [3-10]. Treatment, however, often impacts the quality of life due to side-effects and
treatment-related toxicities, such as urinary and bowel complications as well as erectile dysfunction [11].
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Over the past decade, radiation techniques involving intensity-modulated radiation therapy (IMRT) and
imaged-guided radiation therapy (IGRT) have evolved to allow safe administration of higher doses of
radiation. Results of randomized trials have suggested that dose escalation is associated with improved
biochemical outcomes, with doses of 75.6 Gy to 79.2 Gy recommended for patients with low-risk prostate
cancer, and up to 81 Gy for patients with intermediate to high-risk disease [5-6, 12-13]. Disadvantages of
external beam radiation, however, include long treatment courses over eight to nine weeks, risks of bladder
and/or bowel symptoms during and after treatment, and the risk of erectile dysfunction [13].

Stereotactic body radiotherapy (SBRT) is a technique that delivers highly conformal, high-dose radiation in a
few treatment fractions (hypofractionation), typically 4 to 5 fractions for prostate cancer. Tissues with a low
o/B ratio are more sensitive to large doses of radiation per fraction [14-15]. The o/ ratio for prostate cancer
is thought to be low (range: 1.5 - 3) while surrounding normal tissues have a higher o/ ratio (range: 3 - 8)
[16-18]. These reports suggest there is a potential therapeutic gain with hypofractionation for the treatment
of prostate cancer, where large doses per fraction of radiation are expected to result in improved tumor
control with limited toxicity. Studies describing the treatment of low- and intermediate-risk prostate cancer
with SBRT have been promising, with five-year bDFS ranging from 84 - 98% [19-25]. Katz, et al. reported
seven-year bDFS for low, intermediate, and high-risk disease of 95.6%, 89.3%, and 68.5%, respectively, with
low genitourinary and gastrointestinal toxicities [26]. In 2015, the National Comprehensive Cancer Network
(NCCN) updated the NCCN Guidelines for Prostate Cancer to include SBRT regimens (6.5 Gy per fraction or
greater) as “an emerging treatment modality and can be considered as an alternative to conventionally
fractionated regimens at clinics with appropriate technology, physics, and clinical experience” [2].

The use for SBRT for the treatment of clinically localized prostate cancer is growing in the community
setting [27-28]. As the use of SBRT for the treatment of clinically localized prostate cancer continues to
expand, it will be important for treatment centers to capture and report treatment management practices
and clinical outcomes to ensure continued efficacy and compliance to standardized protocols and published
treatment guidelines. The purpose of this study was to report the initial findings of SBRT treatment
management practices, toxicity, and early clinical outcomes from patients with clinically localized prostate
cancer treated with SBRT and enrolled in a multicenter patient registry, which includes both academic and
community-based radiation therapy practices.

Materials And Methods

A retrospective analysis of patients with clinically localized prostate cancer treated with SBRT and enrolled
in the RSSearch® Patient Registry (ClinicalTrials.gov Identifier: NCT01885299) between June 2006 and

January 1, 2015 was performed. The RSSearch® Patient Registry is managed by the Radiosurgery Society ® a
non-profit professional medical society. A description of the methodology, database design, and initial

patient and treatment characteristics of patients enrolled in RSSearch® has been previously reported [29].

The database is housed by an independent third-party, AdvertekSM Inc. (Louisville, KY) and meets all
requirements to comply with the Health Insurance Portability and Accountability Act (HIPAA) and Safe
Harbor Policy to maintain system security, transmission of data, and patient confidentiality. All centers

treating patients with SBRT clinically are offered and encouraged to participate in RSSearch®. Participation
is voluntary and no compensation is provided either to patients or participating centers. Each principal

investigator is provided a copy of the RSSearch® registry protocol, case report forms, sample patient
informed consent, and web-based training for data entry and database navigation. Local Institutional Review
Board/Ethics Committee (IRB/EC) approval is required at all participating centers. Informed consent was
obtained from all patients, as required by individual IRB/ECs, prior to the patient’s data entered into the

RSSearch® registry. The Institutional Review Board/Ethics Committee of Community Medical Center,

Barnabas Health approved this study (#11-018). For this analysis, RSSearch® was screened for patients with
clinically localized low-risk (PSA < 10 ng/ml, Gleason < 6, Clinical T Stage T1c-2a, NO, M0), intermediate-risk
(PSA 10.1 -20 ng/ml, Gleason 7 or Clinical T Stage T2b-T2c, NOMO) and high-risk (PSA > 20 ng/ml, Gleason >
8 or Clinical T Stage T3-4) disease with PSA follow-up data. We did not classify patients as “very low risk” or
“very high risk” as per NCCN 2015 criteria because the PSA density and number of involved biopsy cores
were not available in RSSearch. Patients with positive lymph nodes or evidence of metastatic disease were
excluded from the analysis. Only patients with complete SBRT treatment information were included in the
analysis. One hundred and twenty-three patients were excluded due to missing SBRT treatment information.

Because this is a registry, there were no pre-defined treatment planning criteria, and treatment planning
was done per institutional guidelines. All patients were simulated and treated in the supine position.
Planning computed tomography (CT) scans were obtained above and below the treatment region. One mm
slice thickness reconstructions in the axial plane were transferred to the treatment planning station.
Magnetic resonance imaging (MRI) scans were routinely used for image fusion to aid target volume
delineation. Target volumes were delineated by the treating physician using all available imaging studies,
typically including at least CT and MRI scanning. The gross tumor volume (GTV) was generally used as the
clinical target volume (CTV), and a margin of 1-5 mm was used to delineate the planning target volume
(PTV). All patients were treated according to the respective institutional guidelines and treated with either
fiducial-based image-guided CyberKnife robotic radiosurgery or linac-based systems. Treatment
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characteristics were captured on the RSSearch® case report forms.

Patient follow-up was performed per institutional guidelines. All participating centers reported follow-up
clinical evaluations and serum PSA levels. Patients were excluded from the analysis if they did not have a
minimum of one PSA follow-up value post-SBRT treatment. Biochemical disease-free survival (bDFS) was
evaluated using the Radiation Therapy Oncology Group Phoenix definition of a PSA rise of 2 ng/ml or more
above the nadir PSA. PSA bounce was defined as PSA increase of > 0.4 ng/ml between any two consecutive
measurements followed by a subsequent decline to or below the previous nadir. Descriptive statistics were
performed for patient and treatment characteristics. Analyses of bDFS were calculated using the Kaplan-
Meier method. The log-rank test was used to compare bDFS between subgroups. Values of p < 0.05 were
considered statistically significant. Statistical calculations were conducted using GraphPad Prism (La Jolla,
CA) and STATA (StatCorp LP, TX).

Results
Patient characteristics

A total of 437 patients treated with SBRT at 16 community-based and academic centers in the US and one
academic center in Australia were included in the analysis. The median follow-up was 20 months (range: 1 -
64 months). Patient characteristics are shown in Table 1. The median age was 69 years (range: 48 - 88 years),
median prostate volume was 52 cc (range: 10 - 180 cc), and median baseline PSA was 5.8 ng/ml (0.3 - 43
ng/ml). Clinical stage was T1a - T1c in 341 patients (79%), T2a in 70 patients (16%), T2b in 18 patients (4%),
T2c in five patients (1%), and T3 in three patients (1%). Gleason score was < 6 in 222 (51%) patients, Gleason
score 3+4=7 in 154 (44%) patients, Gleason 4+3=7 in 38 (9%) patients, and Gleason score > 8 in 23 (5%)
patients. One-hundred and eighty-nine patients (43%) had low-risk disease, 215 (49%) had intermediate-risk
disease, and 33 patients (8%) had high-risk disease. The majority of patients were Caucasian (86%), 10%
were African-American, 2% Asian, and 2% Hispanic. Men were most commonly referred to SBRT by their
primary urologist (74%), 15% were self-referrals, and 11% were referred to SBRT by either primary care,
medical oncology, or other physician specialists. Eleven percent of patients received hormone therapy,
including 10 low-risk, 23 intermediate-risk, and 15 high-risk patients. Patients were placed on hormones at
the urologist's discretion prior to being referred to radiation oncology for SBRT.

Variable (n=437) n (%)
Median age (range), years 69 (48-88)
Median Karnofsky Performance Score (range) 100% (60-100%)
Ethnicity:

Caucasian 373 (85%)
African American 45 (10%)
Asian/Pacific-Asian 7 (2%)
Other 5(1%)

Not reported 7 (2%)
Median prostate volume (range), cc 52 (10-180)
Median initial PSA (range), ng/ml: 5.8 (0.3-43)
<10 373 (86%)
10-20 58 (13%)
>20 6(1%)
Gleason score:

<6 222 (51%)
344 154 (36%)
443 38 (9%)
=8 23 (5%)

Clinical T stage:

Tia-1c 341 (79%)
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T2b

T3

Risk group:

Intermediate

High

Median SBRT dose (range), Gy
Dose/fractionation schema:
19.5 - 29 Gy/2-3 fractions

35 Gy/5 fractions

36.25 Gy/ 5 fractions

37 Gy/5 fractions

38 Gy/ 4 fractions

Median maximum point dose (range), Gy

70 (16%)

18 (4%)

5(1%)

3(1%)

189 (43%)

215 (49%)

33 (8%)

36.25 (19-38)

23 (5%)

24 (6%)

328 (76%)

58 (13%)

4(1%)

46.47 (24-76)

TABLE 1: Baseline patient and tumor characteristics and SBRT treatment

SBRT treatment

The majority of patients were treated with SBRT as monotherapy with doses ranging from 35 - 38 Gy
delivered in 4-5 fractions. Three hundred and twenty-eight patients (76%) received 36.25 Gy in 5 fractions,
13% of patients received 37 Gy in 5 fractions, 6% received 35 Gy in 5 fractions, and 1% received 38 Gy in 4
fractions (Table 7). A small percent of patients (5%) received 19.5 - 29 Gy delivered in 2-3 fractions as a
“boost” following external beam radiotherapy. All patients that received SBRT as a boost were intermediate-
or high-risk.

Toxicity

The incidence of acute and late GU and GI toxicity following SBRT was low. There were no Grade 3 or higher
acute or late GU or GI toxicities reported. Table 2 shows the incidence of acute GU and GI toxicity according
to CTCAE v3. The most common acute GU toxicity was urinary frequency, with acute Grade 1 and Grade 2
urinary frequency reported in 19% and 2% of patients, respectively. Acute Grade 1 and Grade 2 urinary
retention was reported in 3% and 1% of patients, respectively. The most commonly reported acute GI
toxicity was diarrhea. Acute Grade 1 and 2 diarrhea was reported in 4% and 1% of patients, respectively. Late
GU and GI toxicities were minimal (Table 3). Late Grade 1 and 2 urinary frequency was reported in 25% and
8% of patients, respectively. Late Grade 1 and 2 proctitis was reported in 3% and 2% of patients,
respectively. Erectile dysfunction was not assessed in this study. Erectile function prior to SBRT treatment
was not reported in RSSearch® and changes in erectile function or potency after SBRT could not be
evaluated. Late Grade 1 pain was reported in 4% of patients and one patient had a late Grade 3 pain toxicity.
There were no other late Grade 3 or higher toxicities.
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Acute Toxicity

Symptom Grade 1 Grade 2 Grade 3-5
Urinary frequency 19% 2% 0%

Urinary retention 3% 1% 0%

Cystitis 3% 1% 0%
Diarrhea 4% 1% 0%
Constipation 1% 0% 0%
Proctitis 1% 0% 0%

Fatigue 2% 0% 0%

Pain 3% 1% 0%

TABLE 2: Acute toxicity following SBRT using CTCAEv3 grading system

Late Toxicity

Symptom Grade 1 Grade 2 Grade 3 Grade 4-5
Urinary frequency 25% 8% 0% 0%
Urinary retention 4% 2% 0% 0%
Cystitis 5% 2% 0% 0%
Diarrhea 4% 0% 0% 0%
Constipation 3% 0% 0% 0%
Proctitis 3% 2% 0% 0%
Fatigue 3% 0% 0% 0%

Pain 4% 0.2% 0.2% 0%

TABLE 3: Late toxicity following SBRT using CTCAEv3 grading system

PSA trend

Median PSA declined from a baseline value of 5.9 ng/ml to 0.88 ng/ml at 12 months, representing an 85%
decline in PSA over the first year (Figure 7). PSA continued to decrease over time with a median PSA value
of 0.4 and 0.3 ng/ml at two and three years, respectively. There was no difference in PSA nadir when
stratified by a low vs. intermediate risk group at one, two, or three years duration after SBRT (p = 0.89 by log-
rank test).
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FIGURE 1: Median PSA (ng/ml) response at baseline and at indicated
time points after SBRT treatment for all patients.

Interquartiles are shown as error bars.

We examined PSA bounce using the criteria of PSA increase of > 0.4 ng/ml between any two consecutive
measurements followed by a subsequent decline to or below the previous nadir described by McBride, et al.
[23]. Thirty-five (6.6%) patients had a reported PSA bounce. The median time to PSA bounce was 15 months
(range: 6 - 52 months) and the median PSA bounce value was 2.2 (range: 0.6 - 6.9 ng/ml). The median age of
those who experienced a bounce was significantly younger (66 years vs. 70 years, p = 0.049) compared to
those who did not experience a PSA bounce. Initial PSA (p=0.07) and risk group (p=0.59) did not predict for
PSA bounce.

Biochemical disease-free survival

The two-year bDFS for the entire cohort was 96.1%. When stratified by risk group, two-year bDFS for low,
intermediate, and high-risk patients was 99.0%, 94.5%, and 89.8%, respectively (p < 0.0001 by log-rank test)
(Figure 2). The three-year bDFS was 99.0% and 91.4% for low and intermediate-risk, respectively. Fifteen
patients had biochemical failures using the Phoenix definition of biochemical failure (nadir + 2 ng/ml). One
low-risk patient (T1c, Gleason 6, pre-treatment PSA 8.85 ng/ml) had a PSA increase from a nadir of 2.2 ng/ml
at seven months to 6.8 ng/at 13 months, which met the criteria of nadir + 2 definition of biochemical failure.
Eight intermediate-risk (4%) patients failed at a median of 18 months (range: 6 - 36 months), and six high-
risk patients (6%) failed at a median of 17 months (range: 4 - 31 months).
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FIGURE 2: Rate of biochemical disease-free survival for low,
intermediate, and high-risk patients after SBRT.

Number of subjects for each risk group are shown below, p value < 0.0001 by log-rank test. Tick marks
indicate censored patients.

When patients were stratified by Gleason score (Gleason < 6, Gleason 7, and Gleason > 8), higher Gleason
score was significantly associated with lower bDFS (p < 0.0001 by log-rank test) (Figure 3A4). The two-year
bDFS for Gleason < 6, Gleason 7, and Gleason > 8 was 99.2%, 93.2%, and 90.4%, respectively. Among patients
in the intermediate risk group, there was not a significant difference for bDFS between patients with
Gleason 3+4 and Gleason 4+3 (p=0.725 by log-rank test). When patients were stratified by initial PSA (PSA <
10 ng/ml, PSA 10.1 - 20 ng/ml, and PSA > 20 ng/ml), patients with PSA > 20 ng/ml were significantly
associated with lower bDFS (p < 0.0001 by log-rank test) (Figure 3B). Two-year bDFS rates for patients with
PSA < 10 ng/ml, PSA 10.1 - 20 ng/ml, and PSA > 20 ng/ml were 96.4%, 97.2%, and 62.5%, respectively. When
stratified by Clinical T Stage, there was not a significant difference for bDFS between patients with Clinical
Stage T1c or less compared to Stage T2a-2b or > T2c (p = 0.799) (Figure 5C).

A.
Vi SRy SR o Gleason <6 B. R I T
30 -+- Gleason =7 a0l © H
- L . oo
o Gleason > 8 3 - PSA <10 ng/ml
- by 60 -+ PSA 10 - 20 ng/ml
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Months after SERT
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60

2

FIGURE 3: Rate of bDFS stratified by Gleason Score (A), pre-treatment

PSA (B) and Clinical T Stage (C).

Number of subjects are shown below. Tick marks indicate censored patients.
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Discussion

In the current study, we described the screening, treatment management practices, toxicity, and early bDFS

in patients with clinically localized prostate cancer treated with SBRT and enrolled in the RSSearch® Patient
Registry. The majority of patients treated with SBRT had low (44%) and intermediate-risk (49%) disease.
Eight percent of patients had high-risk disease and received SBRT as either monotherapy or as a boost in
conjunction with conventionally fractionated EBRT. For patients that received SBRT monotherapy, the most
common SBRT dose/fractionation regimen was 36.25 Gy delivered in 5 fractions. Other treatment regimens
included 35 Gy in 5 fractions, 37 Gy in 5 fractions, and 38 Gy in 4 fractions. This is consistent with published
reports, where the majority of SBRT data to date include low and intermediate-risk patients treated with 35 -
36.25 Gy delivered in 5 fractions [20-22, 30-31].

In our current study, acute and late GU and GI toxicity were low. Minimal GU and GI toxicities have also been
reported in other studies using SBRT doses of 35 - 36.25 Gy delivered in 5 fractions [19, 24, 30-34]. King, et
al. reported urinary Grade 1, 2, and 3 toxicity in 23%, 5%, and 3% of patients, respectively, and Grade 1 and 2
rectal toxicity in 12.5% and 2% of patients, respectively [33]. Chen, et al. reported 2-year incidence of Grade
2 or greater GU toxicity of 31% and Grade 2 GI toxicity of 1% in patients treated with 35 - 36.25 Gy at
Georgetown University [31]. There were no Grade 3 or greater GI toxicities and only one Grade 3 hematuria.
In 2013, Katz, et al. published one of the most mature series to date, which included 305 low, intermediate,
and high-risk patients treated with 35 - 36.25 Gy in 5 fractions [35]. In this study, there were no acute Grade
3 or greater urinary or rectal complications; however, patients that received the higher dose of 36.25 Gy had
a greater incidence of late Grade 2 and 3 urinary toxicities and late Grade 2 rectal toxicity, suggesting that a
higher SBRT dose was associated with a higher incidence of late urinary and rectal toxicity. In a Phase I/I
dose escalation study, prostate cancer patients receiving 50 Gy in 5 fractions had higher rates of late Grade 2
and 3 GU and GI toxicity compared to patients that received lower doses [32]. An updated report of the Phase
I/11 study indicated that 6.6% of patients that received 50 Gy in 5 fractions developed high-grade rectal
toxicity, with five patients requiring colostomy [36]. The late Grade 3 or greater rectal toxicity correlated
with the rectal wall receiving 50 Gy > 3 cm. Bernetich, et al. showed improved freedom from biochemical
failure in intermediate and high-risk patients treated with 37.5 Gy compared to 35-36.25 Gy; however,
patients receiving 37.5 Gy experienced slightly higher Grade 3 GU toxicity [34]. In our study, we were not able
to stratify by dose because the majority of patients were treated with 36.25 Gy in 5 fractions, and there were
limited numbers of patients treated with higher doses, thus, limiting our ability to conduct analysis with
adequate statistical power to assess correlations between dose and incidence of toxicity.

We demonstrate that SBRT delivered in a community practice setting achieves favorable bDFS for low,
intermediate, and high-risk patients with two-year bDFS rates of 99%, 94.5%, and 89.9%, respectively. We
further analyzed correlations between pre-treatment factors and bDFS and showed that both a higher
Gleason score and pre-treatment PSA were predictors for biochemical failure. These results are in line with
other single institution and pooled reports of SBRT for prostate cancer [19-24, 30-34]. Madsen, et al.
published one of the early reports describing SBRT (33.5 Gy in 5 fractions) for the treatment of clinically
localized prostate cancer [19]. Forty-eight month biochemical freedom from relapse (nadir + 2 ng/ml
definition) was 90%. In 2010, Freeman and King published their combined data, including 41 low-risk
patients treated with 35 — 36.25 Gy in 5 fractions [20]. The five-year biochemical progression-free survival
was 93%. In a pooled analysis, including 1,100 patients treated with a median of 36.25 Gy in 5 fractions, the
five-year biochemical relapse-free survival for low, intermediate, and high-risk patients was 95%, 84%, and
81%, respectively [22]. When stratified by Gleason score, five-year relapse-free survival was 95%, 83%, and
78% for Gleason < 6, Gleason 7, and Gleason > 8, consistent with our results.

A rapid rate of PSA decline and a low PSA nadir (< 0.5 ng/ml) have been shown to predict favorable clinical
outcomes after radiation therapy [37-38]. Several reports have shown a rapid decline of PSA over the first
year after SBRT with a continued decline over the next two to three years, consistent with our results [23, 30,
34, 39]. Anwar, et al. further demonstrated that SBRT produced a lower PSA nadir and greater rate of decline
in PSA over the same period of time compared to conventionally fractionated EBRT [39]. In our study, we
showed an 85% decline in median PSA over the first 12 months after SBRT with a median PSA of 0.88 ng/ml.
PSA continued to decline through years two (median PSA 0.4 ng/ml) and three (median PSA 0.3 ng/ml).
Although our follow-up data is relatively short, Zelefsky, et al. demonstrated that PSA nadir < 1.5 ng/ml at
two years was predictive for distant metastases and cause-specific mortality [40]; thus, our short-term
results may be predictive of long-term outcomes. We will continue to follow-up patients in RSSearch® and
will conduct future studies on PSA kinetics with longer follow-up.

It is important to note that this study has several limitations. First, this study is limited by its retrospective
nature and relatively short follow-up. We did not report patient reported quality-of-life in this study as
patient reported outcomes are currently not captured in RSSearch®. We did not report on erectile
dysfunction or potency rates at this time, as potency prior to SBRT was not captured in RSSearch®. Complete
dose volume histogram (DVH) information was not available for all patients, and correlations between
toxicity and doses to organs at risk (bladder and rectum) could not be evaluated at this time. It is also
important to note that a potential limitation of our study, as with all patient registries, is the potential for
under-reporting. We cannot exclude the possibility that some toxicities may not have been recorded in the
RSSearch® database and, thus, are not represented in this analysis.
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Conclusions

Compared to conventional external beam radiation, SBRT for prostate cancer may have several potential
advantages, including a therapeutic advantage based on radiobiological effects [14, 17], convenience,
reduced treatment times, cost effectiveness [41], and patient preference. All of these factors make SBRT an
attractive treatment option for clinically localized prostate cancer. As the use of SBRT to treat prostate
cancer expands, it is crucial to continue to capture treatment management practices and report on clinical
outcomes in both the academic and community-based practices. In this study, we demonstrate that SBRT
can be delivered safely in community based-practices, with initial PSA outcomes appearing favorable. We
will continue to maintain and enroll prostate cancer patients in RSSearch®, collect follow-up data with
quality assurance measures, and plan future studies on long-term data.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. Community Medical Center,
Barnabas Health issued approval 11-018. Animal subjects: All authors have confirmed that this study did
not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: C.
Kelley Simpson declare(s) Co-ownership of Colorado CyberKnife from Colorado CyberKnife. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

Acknowledgements

We would like to thank the patients, physicians and healthcare staff who participated in the RSSearch®
Patient Registry and acknowledge the following RSSearch® Registry centers: Bristol Regional Medical
Center, Bristol, TN; Community Medical Center/Barnabas Health, Toms River, NJ; Colorado CyberKnife,
Lafayette, CO; CyberKnife Center of Saint Francis Hospital, Hartford, CT; Erlanger Health System,
Chattanooga, TN; Eastern Texas Medical Center, Tyler, TX; Medstar Franklin Square Medical Center,
Baltimore, MD; HealthEast/St. Joseph’s Hospital, St. Paul, MN; Pennsylvania University Hospital,
Philadelphia, PA; Rothman Specialty Hospital, Bensalem, PA; St. John’s Radiosurgery Center, Springfield,
MO; St. Joseph’s/Candler Hospital, Savannah, GA; Saint Francis Hospital, Memphis, TN; Saint Mary’s
Medical Center, Huntington, WV; Saint Peter's University Hospital, New Brunswick, NJ; Sir Charles Gairdner
Hospital, Perth, Australia; Southeast Georgia Health System, Brunswick, GA.

References

1. American Cancer Society: Cancer Facts & Figures. 2015, 4. Accessed: June 1, 2015:
http://www.cancer.org/acs/groups/content/@editorial/documents/document/acspc-044552.pdf.

2. National Comprehensive Practice Guidelines in Oncology: Prostate Cancer. (2015). Accessed: June 1, 2015:
http://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf.

3. Bill-Axelson A, Holmberg L, Filen F, Ruutu M, Garmo H, Busch C, Nordling S, Haggman M, Andersson SO,
Bratell S, Spangberg A, Palmgren ], Adami HO, Johansson JE, Scandinavian Prostate Cancer Group Study
Number 4: Radical prostatectomy versus watchful waiting in localized prostate cancer: the Scandinavian
Prostate Cancer Group-4 Randomized Trial. ] Natl Cancer Inst. 2008, 100:1144-54. 10.1093/jnci/djn255

4. Bill-Axelson A, Holmberg L, Garmo H, Rider JR, Taari K, Busch C, Nordling S, Haggman M, Andersson SO,
Spangberg A, Andren O, Palmgren J, Steineck G, Adami HO, Johansson JE: Radical prostatectomy or watchful
waiting in early prostate cancer. N Engl | Med. 2014, 370:932-42. 10.1056/NEJMoal311593

5. Dearnaley DP, Jovic G, Syndikus I, Khoo V, Cowan RA, Graham D, Aird EG, Bottomley D, Huddart RA, Jose
CC, Matthews JH, Millar JL, Murphy C, Russell JM, Scrase CD, Parmar MK, Sydes MR: Escalated-dose versus
control-dose conformal radiotherapy for prostate cancer: long-term results from the MRC RT01 randomised
controlled trial. Lancet Oncol. 2014, 15:464-73. 10.1016/S1470-2045(14)70040-3

6. Kuban DA, Tucker SL, Dong L, Starkschall G, Huang EH, Cheung MR, Lee AK, Pollack A: Long-term results of
the M. D. Anderson randomized dose-escalation trial for prostate cancer. Int ] Radiat Oncol Biol Phys. 2008,
70:67-74. 10.1016/j.ijrobp.2007.06.054

7. Potosky AL, Davis WW, Hoffman RM, Stanford JL, Stephenson RA, Penson DF, Harlan LC: Five-year
outcomes after prostatectomy or radiotherapy for prostate cancer: the prostate cancer outcomes study. |
Natl Cancer Inst. 2004, 96:1358-67. 10.1093/jnci/djh259

8. Lawton CA, DeSilvio M, Lee WR, Gomella L, Grignon D, Gillin M, Morton G, Pisansky T, Sandler H: Results of
a phase II trial of transrectal ultrasound-guided permanent radioactive implantation of the prostate for
definitive management of localized adenocarcinoma of the prostate (radiation therapy oncology group 98-
05). Int ] Radiat Oncol Biol Phys. 2007, 67:39-47. 10.1016/j.ijrobp.2006.08.016

9. Potters L, Morgenstern C, Calugaru E, Fearn P, Jassal A, Presser ], Mullen E:  12-year outcomes following
permanent prostate brachytherapy in patients with clinically localized prostate cancer. ] Urol. 2005,
173:1562-66. 10.1097/01.ju.0000154633.73092.8e

10.  Zelefsky MJ, Kuban DA, Levy LB, Potters L, Beyer DC, Blasko JC, Moran B]J, Ciezki JP, Zietman AL, Pisansky
TM, Elshaikh M, Horwitz EM: Multi-institutional analysis of long-term outcome for stages T1-T2 prostate
cancer treated with permanent seed implantation. Int ] Radiat Oncol Biol Phys. 2007, 67:327-33.
10.1016/j.ijrobp.2006.08.056

2015 Davis et al. Cureus 7(12): €395. DOI 10.7759/cureus.395 9of 11


http://www.cancer.org/acs/groups/content/@editorial/documents/document/acspc-044552.pdf
http://www.cancer.org/acs/groups/content/@editorial/documents/document/acspc-044552.pdf
http://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
http://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://dx.doi.org/10.1093/jnci/djn255
https://dx.doi.org/10.1093/jnci/djn255
https://dx.doi.org/10.1056/NEJMoa1311593
https://dx.doi.org/10.1056/NEJMoa1311593
https://dx.doi.org/10.1016/S1470-2045(14)70040-3
https://dx.doi.org/10.1016/S1470-2045(14)70040-3
https://dx.doi.org/10.1016/j.ijrobp.2007.06.054
https://dx.doi.org/10.1016/j.ijrobp.2007.06.054
https://dx.doi.org/10.1093/jnci/djh259
https://dx.doi.org/10.1093/jnci/djh259
https://dx.doi.org/10.1016/j.ijrobp.2006.08.016
https://dx.doi.org/10.1016/j.ijrobp.2006.08.016
https://dx.doi.org/10.1097/01.ju.0000154633.73092.8e
https://dx.doi.org/10.1097/01.ju.0000154633.73092.8e
https://dx.doi.org/10.1016/j.ijrobp.2006.08.056
https://dx.doi.org/10.1016/j.ijrobp.2006.08.056

Cureus

11.

12.

13.
14.

15.

16.

17.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

2015 Davis et al. Cureus 7(12): €395. DOI 10.7759/cureus.395

Sanda MG, Dunn RL, Michalski J, Sandler HM, Northouse L, Hembroff L, Lin X, Greenfield TK, Litwin MS,
Saigal CS, Mahadevan A, Klein E, Kibel A, Pisters LL, Kuban D, Kaplan I, Wood D, Ciezki ], Shah N, Wei JT:
Quality of life and satisfaction with outcome among prostate-cancer survivors . N Engl ] Med. 2008,
358:1250-61. 10.1056/NEJMoa074311

Eade TN, Hanlon AL, Horwitz EM, Buyyounouski MK, Hanks GE, Pollack A: What dose of external-beam
radiation is high enough for prostate cancer?. Int ] Radiat Oncol Biol Phys. 2007, 68:682-89.
10.1016/j.ijrobp.2007.01.008

Xu N, Rossi PJ, Jani AB: Toxicity analysis of dose escalation from 75.6 gy to 81.0 gy in prostate cancer . Am |
Clin Oncol. 2011, 34:11-15. 10.1097/COC.0b013e3181cae8c6

Brenner DJ, Hall EJ: Fractionation and protraction for radiotherapy of prostate carcinoma . Int ] Radiat Oncol
Biol Phys. 1999, 43:1095-101. 10.1016/50360-3016(98)00438-6

Williams MV, Denekamp |, Fowler JF: A review of alpha/beta ratios for experimental tumors: implications
for clinical studies of altered fractionation. Int ] Radiat Oncol Biol Phys. 1985, 11:87-96. 10.1016/0360-
3016(85)90366-9

Duchesne GM, Peters L]: What is the alpha/beta ratio for prostate cancer? Rationale for hypofractionated
high-dose-rate brachytherapy. Int ] Radiat Oncol Biol Phys. 1999, 44:747-748. 10.1016/S0360-
3016(99)00024-3

Fowler JF, Chappell R], Ritter MA: The prospects for new treatments for prostate cancer . Int ] Radiat Oncol
Biol Phys. 2002, 52:3-5. 10.1016/S0360-3016(01)02665-7

Fowler JF, Toma-Dasu I, Dasu A: Is the alpha/beta ratio for prostate tumours really low and does it vary with
the level of risk at diagnosis?. Anticancer Res. 2013, 33:1009-11.

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 ] Radiat Oncol Biol Phys. 2007, 67:1099-105. 10.1016/j.ijrobp.2006.10.050

Freeman DE, King CR: Stereotactic body radiotherapy for low-risk prostate cancer: five-year outcomes .
Radiat Oncol. 2011, 6:3. 10.1186/1748-717X-6-3

Loblaw A, Cheung P, D'Alimonte L, Deabreu A, Mamedov A, Zhang L, Tang C, Quon H, Jain S, Pang G, Nam
R: Prostate stereotactic ablative body radiotherapy using a standard linear accelerator: toxicity,
biochemical, and pathological outcomes. Radiother Oncol. 2013, 107:153-58. 10.1016/j.radonc.2013.03.022
King CR, Freeman D, Kaplan I, Fuller D, Bolzicco G, Collins S, Meier R, Wang J, Kupelian P, Steinberg M,
Katz A: Stereotactic body radiotherapy for localized prostate cancer: pooled analysis from a multi-
institutional consortium of prospective phase II trials. Radiother Oncol. 2013, 109:217-21.
10.1016/j.radonc.2013.08.030

McBride SM, Wong DS, Dombrowski ], 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, 118:3681-90. 10.1002/cncr.26699

Bolzicco G, Favretto MS, Satariano N, Scremin E, Tambone C, Tasca A: A single-center study of 100
consecutive patients with localized prostate cancer treated with stereotactic body radiotherapy. BMC Urol.
2013, 13:49. 10.1186/1471-2490-13-49

Freeman D, Dickerson G, Perman M: Multi-institutional registry for prostate cancer radiosurgery: a
prospective observational clinical trial. Front Oncol. 2014, 4:369. 10.3389/fonc.2014.00369

Katz AJ, Kang J: Quality of Life and Toxicity after SBRT for Organ-Confined Prostate Cancer, a 7-Year Study .

Front Oncol. 2014, 4:301. 10.3389/fonc.2014.00301

Distefano G, Baker A, Scott AJ, Webster GJ; UK SABR Consortium Quality Assurance Group: Survey of
stereotactic ablative body radiotherapy in the UK by the QA group on behalf of the UK SABR Consortium. Br
] Radiol. 2014, 87:20130681. 10.1259/bjr.20130681

Pan H, Simpson DR, Mell LK, Mundt AJ, Lawson JD: A survey of stereotactic body radiotherapy use in the
United States. Cancer. 2011, 117:4566-72. 10.1002/cncr.26067

Davis JN, Medbery Iii C, Sharma S, Danish A, Mahadevan A: The RSSearchTM Registry: patterns of care and
outcomes research on patients treated with stereotactic radiosurgery and stereotactic body radiotherapy.
Radiat Oncol. 2013, 8:275. 10.1186/1748-717X-8-275

Katz AJ, Kang J: Stereotactic body radiotherapy as treatment for organ confined low- and intermediate-risk
prostate carcinoma, a 7-year study. Front Oncol. 2014, 4:240. 10.3389/fonc.2014.00240

Chen LN, Suy S, Uhm S, Oermann EK, Ju AW, Chen V, Hanscom HN, Laing S, Kim JS, Lei S, Batipps GP,
Kowalczyk K, Bandi G, Pahira ], McGeagh KG, Collins BT, Krishnan P, Dawson NA, Taylor KL, Dritschilo A,
Lynch JH, Collins SP: Stereotactic body radiation therapy (SBRT) for clinically localized prostate cancer: the
Georgetown University experience. Radiat Oncol. 2013, 8:58. 10.1186/1748-717X-8-58

Boike TP, Lotan Y, Cho LC, Brindle ], DeRose P, Xie X], Yan |, Foster R, Pistenmaa D, Perkins A, Cooley S,
Timmerman R: Phase I dose-escalation study of stereotactic body radiation therapy for low- and
intermediate-risk prostate cancer. J Clin Oncol. 2011, 29:2020-26. 10.1200/JC0.2010.31.4377

King CR, Brooks JD, Gill H, Presti JC, Jr: Long-term outcomes from a prospective trial of stereotactic body
radiotherapy for low-risk prostate cancer. Int ] Radiat Oncol Biol Phys. 2012, 82:877-82.
10.1016/j.ijrobp.2010.11.054

Bernetich M, Oliai C, Lanciano R, Hanlon A, Lamond J, Arrigo S, Yang Y, Good M, Feng J, Brown R, Garber B,
Mooreville M, Brady LW: SBRT for the Primary Treatment of Localized Prostate Cancer: The Effect of
Gleason Score, Dose and Heterogeneity of Intermediate Risk on Outcome Utilizing 2.2014 NCCN Risk
Stratification Guidelines. Front Oncol. 2014, 4:312. 10.3389/fonc.2014.00312

Katz AJ, Santoro M, Diblasio F, Ashley R: Stereotactic body radiotherapy for localized prostate cancer:
disease control and quality of life at 6 years. Radiat Oncol. 2013, 8:118. 10.1186/1748-717X-8-118

Kim DW, Cho LC, Straka C, Christie A, Lotan Y, Pistenmaa D, Kavanagh BD, Nanda A, Kueplian P, Brindle J,
Cooley S, Perkins A, Raben D, Xie XJ, Timmerman RD: Predictors of rectal tolerance observed in a dose-
escalated phase 1-2 trial of stereotactic body radiation therapy for prostate cancer. Int ] Radiat Oncol Biol
Phys. 2014, 89:509-17. 10.1016/j.ijrobp.2014.03.012

Chauvet B, Félix-Faure C, Lupsascka N, Fijuth J, Brewer Y, Davin JL, Kirscher S, Reboul F: Prostate-specific

10 of 11


https://dx.doi.org/10.1056/NEJMoa074311
https://dx.doi.org/10.1056/NEJMoa074311
https://dx.doi.org/10.1016/j.ijrobp.2007.01.008
https://dx.doi.org/10.1016/j.ijrobp.2007.01.008
https://dx.doi.org/10.1097/COC.0b013e3181cae8c6
https://dx.doi.org/10.1097/COC.0b013e3181cae8c6
https://dx.doi.org/10.1016/S0360-3016(98)00438-6
https://dx.doi.org/10.1016/S0360-3016(98)00438-6
https://dx.doi.org/10.1016/0360-3016(85)90366-9
https://dx.doi.org/10.1016/0360-3016(85)90366-9
https://dx.doi.org/10.1016/S0360-3016(99)00024-3
https://dx.doi.org/10.1016/S0360-3016(99)00024-3
https://dx.doi.org/10.1016/S0360-3016(01)02665-7
https://dx.doi.org/10.1016/S0360-3016(01)02665-7
https://scholar.google.com/scholar?q=intitle:Is the alpha%2Fbeta ratio for prostate tumours really low and does it vary with the level of risk at diagnosis%3F
https://dx.doi.org/10.1016/j.ijrobp.2006.10.050
https://dx.doi.org/10.1016/j.ijrobp.2006.10.050
https://dx.doi.org/10.1186/1748-717X-6-3
https://dx.doi.org/10.1186/1748-717X-6-3
https://dx.doi.org/10.1016/j.radonc.2013.03.022
https://dx.doi.org/10.1016/j.radonc.2013.03.022
https://dx.doi.org/10.1016/j.radonc.2013.08.030
https://dx.doi.org/10.1016/j.radonc.2013.08.030
https://dx.doi.org/10.1002/cncr.26699
https://dx.doi.org/10.1002/cncr.26699
https://dx.doi.org/10.1186/1471-2490-13-49
https://dx.doi.org/10.1186/1471-2490-13-49
https://dx.doi.org/10.3389/fonc.2014.00369
https://dx.doi.org/10.3389/fonc.2014.00369
https://dx.doi.org/10.3389/fonc.2014.00301
https://dx.doi.org/10.3389/fonc.2014.00301
https://dx.doi.org/10.1259/bjr.20130681
https://dx.doi.org/10.1259/bjr.20130681
https://dx.doi.org/10.1002/cncr.26067
https://dx.doi.org/10.1002/cncr.26067
https://dx.doi.org/10.1186/1748-717X-8-275
https://dx.doi.org/10.1186/1748-717X-8-275
https://dx.doi.org/10.3389/fonc.2014.00240
https://dx.doi.org/10.3389/fonc.2014.00240
https://dx.doi.org/10.1186/1748-717X-8-58
https://dx.doi.org/10.1186/1748-717X-8-58
https://dx.doi.org/10.1200/JCO.2010.31.4377
https://dx.doi.org/10.1200/JCO.2010.31.4377
https://dx.doi.org/10.1016/j.ijrobp.2010.11.054
https://dx.doi.org/10.1016/j.ijrobp.2010.11.054
https://dx.doi.org/10.3389/fonc.2014.00312
https://dx.doi.org/10.3389/fonc.2014.00312
https://dx.doi.org/10.1186/1748-717X-8-118
https://dx.doi.org/10.1186/1748-717X-8-118
https://dx.doi.org/10.1016/j.ijrobp.2014.03.012
https://dx.doi.org/10.1016/j.ijrobp.2014.03.012
https://scholar.google.com/scholar?q=intitle:Prostate-specific antigen decline%3A a major prognostic factor for prostate cancer treated with radiation therapy

Cureus

38.

39.

40.

41.

antigen decline: a major prognostic factor for prostate cancer treated with radiation therapy. J Clin Oncol.
1994, 12:1402-407.

Zietman AL, Tibbs MK, Dallow KC, Smith CT, Althausen AF, Zlotecki RA, Shipley WU: Use of PSA nadir to
predict subsequent biochemical outcome following external beam radiation therapy for T1-2
adenocarcinoma of the prostate. Radiother Oncol. 1996, 40:159-62. 10.1016/0167-8140(96)01770-7
Anwar M, Weinberg V, Chang AJ, Hsu IC, Roach M, 3rd, Gottschalk A: Hypofractionated SBRT versus
conventionally fractionated EBRT for prostate cancer: comparison of PSA slope and nadir. Radiat Oncol.
2014, 9:42. 10.1186/1748-717x-9-42

Zelefsky MJ, Shi W, Yamada Y, Kollmeier MA, Cox B, Park |, Seshan VE: Postradiotherapy 2-year prostate-
specific antigen nadir as a predictor of long-term prostate cancer mortality. Int ] Radiat Oncol Biol Phys.
2009, 75:1350-56. 10.1016/j.ijrobp.2008.12.067

Hodges JC, Boike, T., Lotan, Y., Benton, R., Pistenmaa, D.A., Choy, H., Timmerman, R: Cost Effectiveness
Analysis of Stereotactic Body Radiation Therapy (SBRT) versus Intensity Modulated Radiation Therapy
(IMRT) for Low or Intermediate Risk Prostate Cancer: A Markov Model Decision Analysis. Int ] Radiat Oncol
Biol Phys. 2011, 81:5560. 10.1016/j.ijrobp.2011.06.885

2015 Davis et al. Cureus 7(12): €395. DOI 10.7759/cureus.395

11 0of 11


https://dx.doi.org/10.1016/0167-8140(96)01770-7
https://dx.doi.org/10.1016/0167-8140(96)01770-7
https://dx.doi.org/10.1186/1748-717x-9-42
https://dx.doi.org/10.1186/1748-717x-9-42
https://dx.doi.org/10.1016/j.ijrobp.2008.12.067
https://dx.doi.org/10.1016/j.ijrobp.2008.12.067
https://dx.doi.org/10.1016/j.ijrobp.2011.06.885
https://dx.doi.org/10.1016/j.ijrobp.2011.06.885

	Stereotactic Body Radiotherapy for Clinically Localized Prostate Cancer: Toxicity and Biochemical Disease-Free Outcomes from a Multi-Institutional Patient Registry
	Abstract
	Introduction
	Materials And Methods
	Results
	Patient characteristics
	TABLE 1: Baseline patient and tumor characteristics and SBRT treatment

	SBRT treatment
	Toxicity
	TABLE 2: Acute toxicity following SBRT using CTCAEv3 grading system
	TABLE 3: Late toxicity following SBRT using CTCAEv3 grading system

	PSA trend
	FIGURE 1: Median PSA (ng/ml) response at baseline and at indicated time points after SBRT treatment for all patients.

	Biochemical disease-free survival
	FIGURE 2: Rate of biochemical disease-free survival for low, intermediate, and high-risk patients after SBRT.
	FIGURE 3: Rate of bDFS stratified by Gleason Score (A), pre-treatment PSA (B) and Clinical T Stage (C).


	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


