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Abstract

our results.

Background: Stereotactic Body Radiotherapy (SBRT) has excellent control rates for low- and intermediate-risk
prostate carcinoma.The role of SBRT for high-risk disease remains less studied. We present long-term results on a
cohort of patients with NCCN-defined high-risk disease treated with SBRT.

Methods: We retrospectively studied 97 patients treated as part of prospective trial from 2006-2010 with SBRT
alone (n=52) to dose of 35-36.25 Gy in 5 fractions, or pelvic radiation to 45 Gy followed by SBRT boost of 19-21
Gy in 3 fractions (n =45). 46 patients received Androgen Deprivation Therapy. Quality of life and bladder/bowel
toxicity was assessed using the Expanded Prostate Index Composite (EPIC) and RTOG toxicity scale.

Results: Median followup was 60 months. 6-year biochemical disease-free survival (bDFS) was 69%. On multivariate
analysis, only PSA remained significant (P < 0.01) for bDFS. Overall toxicity was mild, with 5% Grade 2-3 urinary

and 7% Grade 2 bowel toxicity. Use of pelvic radiotherapy was associated with significantly higher bowel toxicity
(P=.001). EPIC scores declined for the first six months and then returned towards baseline.

Conclusions: SBRT appears to be a safe and effective treatment for high-risk prostate carcinoma. Our data suggests
that SBRT alone may be the optimal approach. Further followup and additional studies is required to corroborate
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Background

Recent studies in prostate cancer clearly demonstrate
that dose escalation increases likelihood of biochemical
control [1,2]. Prostate cancer has a low o/f ratio of
around 1.5 [3-5], while the bladder and rectum have a
higher a/f ratio of 3—5 for late toxicity [6], implying that
prostate cancer cells have greater sensitivity to high dose
per fraction than normal tissues. Because of this greater
sensitivity to high dose per treatment, many researchers
have utilized hypofractionation in order to selectively
increase the biological equivalent dose (BED) to prostate
cancer cells, without concomitantly increasing the BED to
surrounding normal tissues such as bowel and bladder.
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Moderate hypofractionation of 20-28 fractions has
successfully increased the biochemical control, without
increasing the normal tissue toxicity [7-9].

Over the last five years, multiple reports on the use of
stereotactic body radiotherapy (SBRT) for organ-confined
prostate cancer have been released, reporting excellent
biochemical control with mild toxicity, with up to six
years of followup [10-15]. These studies, using 4-5 frac-
tions of 7-10 Gy and tighter margins than standard radio-
therapy, appear to take advantage of the lower o/p ratio of
prostate cancer cells compared to normal tissues. The
majority of patients in these studies have been low and
intermediate risk, defined as Gleason score of 6 or 7 with
PSA values lower than 20. As a result, the American
Society for Radiation Oncology (ASTRO) recently revised
its policy to accept prostate SBRT as an alternative to
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other standard treatments for low- and intermediate-risk
patients [16].

However, what remains more uncertain is the role of
SBRT for patients with high-risk organ-confined disease.
Few studies have been published with use of SBRT in
high-risk patients. Such studies include patients who re-
ceived SBRT alone and patients who received SBRT as
boost to pelvic radiotherapy [17-20]. Results appear en-
couraging, but followup is short, with longest median
follow up of only 3 years. In this study, we examine the
role of SBRT in a group of 97 patients with high-risk
prostate cancer, treated as part of a prospective trial,
with longer follow of up to 7 years. Biochemical control,
toxicity and quality of life (QOL) is reported and
analyzed.

Methods

Starting in April of 2006, patients of all risk categories
were treated as part of a prospective trial of SBRT for
prostate cancer. Initially, patients with high-risk disease
received external beam pelvic radiotherapy (EBRT) prior
to a SBRT boost, but as data emerged from other studies
that pelvic radiotherapy was of dubious value, patients
began receiving SBRT alone [21,22]. This study is a
retrospective analysis of these patients. Median follow
up was 60 months (range, 8—84 mos).

Radiation treatment

From April 2006 through May 2011, 97 patients with
clinically localized prostate cancer were treated with ei-
ther EBRT followed by SBRT boost (n=45) or SBRT
alone (n=52). Stage was determined by physical exam,
bone scan and CT scans. All patients had high-risk dis-
ease as defined by the National Comprehensive Cancer
Network (NCCN). Specifically, patients with a Gleason
score 28 or a PSA >20 ng/ml were identified as high-
risk, as were patients with 2 or more intermediate risk
factors (T stage > T2a, Gleason 7,or PSA >10 but <20).
50 patients received hormone therapy for a median of 5
months (range, 1-13 months). 45 patients received
SBRT as a boost and 52 received SBRT alone. All pa-
tients were informed of potential treatment related risks
and signed informed consent. Patient characteristics are
summarized in Table 1.

Patients treated with EBRT followed by SBRT boost
received an initial course of EBRT to a total dose of 45
Gy in 25 fractions of 1.8 Gy with 15-MV photons, ad-
ministered on consecutive work days. A 3D-conformal
four-field box plan was utilized to include the prostate
and pelvic nodes. Image-guided SBRT boost was planned
using MultiPlan® (Accuray, Inc., Sunnyvale, CA) inverse
planning, and delivered using the CyberKnife (Accuray,
Inc.) with motion tracking of internal fiducial seeds. A
detailed description of the CyberKnife system can be
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found elsewhere [23]. Patients underwent transperineal
implantation of four fiducial seeds during EBRT, with
two seeds placed at the prostate apex and two at the
base. Treatment planning images were obtained one
week after fiducial implantation to account for possible
seed migration. Treatment was planned on CT images
(1.5-mm cuts) with MRI fusion to soft tissue anatomy in
the vast majority of patients. The prostate and proximal
seminal vesicles were delineated to specify the gross
tumor volume (GTV). The planning target volume
(PTV) was created by adding a 5-mm margin to the
GTV throughout, except posteriorly by the rectum
where a tighter 3-mm margin was used. In all patients,
the bladder, prostate, rectum, seminal vesicles and penile
bulb were contoured, but the urethra was not identified.

The SBRT boost began two weeks after completion of
EBRT, and was administered in three fractions over
three consecutive days. SBRT planning began at the end
of external beam radiation and accounted for the two
week delay. Dose escalation was performed after at least
8 patients had 5 months of follow-up and no Grade 3 or
higher toxicities were observed. The first 17 treated pa-
tients (38%) received a total SBRT boost dose of 18 Gy
(3 fractions of 6 Gy each), the next 17 (38%) patients re-
ceived 19.5 Gy (3 fractions of 6.5 Gy each) and the
remaining 11 patients (24%) received 21 Gy (3 fractions
of 7 Gy each). The initial dose of 18 Gy was based on
high dose rate (HDR) brachytherapy boost treatment.
The dose was prescribed to the 83-87% isodose line to
cover 95% of the PTV, which included the proximal
seminal vesicles. The mean number of beams was 152
(range, 142-176). The average Dmax was 21.42 Gy,
23.21 Gy, and 24.99 Gy for the 18, 19.5 and 21 Gy doses,
respectively. Typical V105 values ranged from 78-82% of
the PTV. The V75 was typically less than or equal to 4
cc for the bladder and 3 cc for the rectum. The mean
D50 to the bladder and rectum was 41% and 43% of the
Dmax dose, respectively. When feasible, without com-
promising overall treatment plan quality, the mean D50
to the penile bulb and testes was kept to less than 40%
and 15% of the Dmax, respectively.

For each morning prior to SBRT, patients underwent a
bowel prep including Dulcolax® (Boehringer Ingelheim,
Germany) and a Fleet® Enema (C.B. Fleet Company, Inc.,
Lynchburg, VA). In addition, at least 15-20 minutes be-
fore treatment, all patients received 1500 mg of Amifos-
tine (MedImmune, LLC Gaithersburg, MD), mixed in
saline and instilled into the rectum.

For the patients who received SBRT alone, the dose
was 35 Gy in 5 patients and 36.25 Gy in 47 patients. The
dose was prescribed to the 83—-87% line to cover 95% of
the PTV. The PTV included the proximal seminal vesi-
cles and was created by a similar expansion as with the
boost patients. The mean number of beams was 158
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Table 1 Patient characteristics at diagnosis
Combined group EBRT + Boost SBRT alone
Age at diagnosis No. patients (%) P value No. patients No. patients
40-49 1(1.0) 0 1
50-59 13 (134) 9 4
60-69 31 (32.0) 12 19
70-79 39 (40.2) 20 19
80-89 13 (134) 4 9
Mean (range) 70.0 (43.2-85.7) 0.039 69.5 (50.6-84.4) 70.3 (43.2-85.7)
PSA level at treatment ng/mL
Combined Mean (range) 144 (0.59-53.1) 14.7 14.2
Median 1.5 0.0056 12 11.25
PSA level at diagnosis No. patients
<4 ng/mL 5(5.2) 1 4
4-10 ng/mL 30 (30.9) 17 13
>10-20 ng/mL 39 (40.2) 16 23
>20 ng/mL 23 (23.7) " 12
Clinical stage
Tlc 73 (75.2) 022 33 40
T2x 2(2.1) 2 0
T2a 18 (18.6) 6 12
T2b 220 2 0
T2c 2(2.1) 2 0
Gleason score 0.55
6 4(4.0) 1 3
7(3+4) 15 (15.5) 7 8
7(4+3) 16 (16.5) 7 9
8 46 (47.4) 22 24
9 16 (16.5) 8 8
Hormone treatment 034
No 43 (44.3) 17 26
Yes 54 (55.7) 28 26
RT treatment 0.86
SBRT 52 (53.6)
EBRT + SBRT 45 (46.4)
High risk assessment: criteria 0.95
Gleason = 8 or PSA > 20 83 (85.6) 45 38
Multiple adverse factors*: 14 (14.4) 0 14

*Per NCCN 2013, patients with multiple adverse factors can be shifted into the high risk group (T2b-T2c, Gleason score 7, PSA 10-20 ng/mL).

(range 144-188). The rest of the dosimetric parameters
were the same as the boost patients.

Follow-up schedule and toxicity assessment

All post-treatment time intervals were calculated from
the time of SBRT completion. All patients were sched-
uled for follow-up three weeks after final treatment, four

months later and then every six months thereafter. PSA
tests were performed three months and six months after
treatment, and every six months thereafter. Quality of
life (QOL) was assessed using the Expanded Prostate
Cancer Index Composite (EPIC) questionnaire [24] at
every follow-up visit during the first year and at 24
months. EPIC scores were calculated as defined in
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Wei et al. [24]. In addition, toxicity was assessed
using the Radiation Therapy Oncology Group (RTOG)
urinary and rectal toxicity scale [25] at every follow-
up visit.

Statistical analyses

The primary endpoint of this study was time to bio-
chemical failure, as assessed using the Phoenix definition
[26]. Actuarial biochemical control was calculated using
the Kaplan-Meier method and log-rank analysis per-
formed. The likelihood ratio test was used to determine
if there was significant difference in toxicity. Cox
multivariate regression analysis was used to determine
the patient factors associated with biochemical DFS.
The pre-treatment PSA, Gleason score and T-stage
were treated as dichotomous variables, using a cut-
point of <11.5 vs >11.5, Gleason score <8 vs =8, and
T-stage of any T1 versus T2a and higher. The use or
absence of pelvic EBRT and androgen deprivation
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therapy was also a dichotomous variable. Assumptions
of the Cox model were tested and satisfied.

Results

Biochemical disease-free survival and PSA

Median follow-up was 60 months (range, 8—84 mos).
Patients who received pelvic EBRT + boost had 69 months
follow-up (range, 18—84 mos), versus 48 months for SBRT
alone (range, 8—72 mos). The actuarial 5-year biochemical
DES was 69% for high-risk patients, as defined by NCCN.
Per NCCN 2013, patients with two or more adverse
factors (T2b-T2c, Gleason score =7, PSA 10-20 ng/mL)
can be shifted into high-risk. This group, which we refer
to as “int-high”, had actuarial 5-year biochemical DFS of
63% (Figure 1A). There was no significant difference on
log-rank analysis between the two groups (P =0.95);
therefore, for subsequent analyses, the int-high group was
included as high-risk. The actuarial biochemical DFS
curve for the combined high-risk group is shown in
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Figure 1 Biochemical disease-free survival in high-risk patients. A. Biochemical DFS stratified by high-risk (as defined by NCCN) and int-high
(patients with 2 or more intermediate risk features; please refer to text) groups. There is no significant difference on log-rank analysis (P =0.95).
B. Biochemical DFS of high-risk and int-high-risk patients combined. C. Biochemical DFS stratified by use of EBRT followed by SBRT, versus SBRT
alone (P=0.86) D. Biochemical DFS stratified by use of ADT versus no ADT (P = 0.34).
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Figure 1B, with 5-year DFS of 68%. For this combined risk
group, only 22% of the biochemical failures were proven
to be local in the prostate.

Of patients with biochemical failures, 19 patients
overall underwent prostate biopsy. The rest had overt
distant metastases or refused biopsy. Six of these
patients had positive biopsies. Of these patients, 3
patients had EBRT + boost and 3 patients had SBRT
alone; initial Gleason score was 8 for 5 patients, and 7 for
the remaining patient.

Patients were stratified by use of pelvic radiation
followed by SBRT boost, versus SBRT alone (Figure 1C),
and ADT versus no ADT (Figure 1D). Characteristics of
each group are listed in Table 1. Neither EBRT or ADT
were found to be significant for biochemical DFS, with
P =0.86 and 0.34, respectively. Median PSA values are
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depicted in Figure 2, with patients once again strati-
fied by use of EBRT (A) or ADT (B). There was no
significant difference between the two groups at any
time point, other than at 3 months. At 3 months,
patients who received EBRT had a significantly lower
PSA, with median value of 0.7, versus patients treated with
SBRT alone, who had median PSA of 1.35 (P =0.041).
Similarly, patients who received ADT had a significantly
lower PSA at 3 months, with median value of 0.3,
compared to patients who did not receive ADT, who had
median PSA of 1.9 (P =0.0067). By 12 months, there was
no longer any significant difference.

There was also no significant difference in bioche-
mical outcomes as a function of SBRT dose, including
all three boost doses and both monotherapy doses
used.
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Multivariate analysis

Results of Cox multivariable regression analysis are
shown in Table 2. Pretreatment factors included in the
analyses were use of ADT, EBRT, baseline PSA, clinical
T-stage and Gleason score. The only variable found to
be significant as a predictor for biochemical failure was
PSA (P =0.0009).

Late treatment toxicity

Figure 3 presents genitourinary (A) and gastrointestinal
(B) toxicity scores for patients, treated with SBRT alone
or pelvic radiotherapy followed by SBRT boost. The inci-
dence of genitourinary (GU) toxicity is low, with overall
3.9% and 2.3% grade 3 toxicity for patients treated with
SBRT or EBRT + SBRT, respectively. There was no sig-
nificant difference in incidence of GU toxicity amongst
these two groups. No late GI or GU toxicity occurred
after the 24 month time point (C).

However, the use of pelvic radiotherapy significantly
increased risk of gastrointestinal toxicity (P =0.0019),
with 13.3% grade 2 GI toxicity in patients who received
EBRT,versus 0% in patients treated with SBRT alone.

Quality of life scoring

Figure 4 shows the EPIC scores for urinary and bowel
QOL. Bowel and urinary QOL scores show initial de-
crease, followed by a return to baseline values.

Discussion

This is the first long term study of SBRT for high-risk
prostate cancer in the literature. At five years, the
biochemical control rate obtained compares favorably to
studies published with intensity-modulated radiation
therapy (IMRT), with or without HDR brachytherapy.
Biochemical control rates and toxicity for high-risk
patients, treated with various modalities of radiation, are
summarized in Table 3 [8,27-31]. For instance, Zelefsky
reported a 67% control rate with 81 Gy in 45 fractions
IMRT [27] and Kupelian reported a 69% control with 70
Gy in 28 fractions IMRT to the prostate alone [8].
Demanes and Galalae have shown that HDR brachyther-
apy with 45-50 Gy EBRT yields a similar control rate at

Table 2 Relative risk and P value from cox regression
multivariable analysis for pretreatment predictors of
biochemical failure

Pretreatment predictor RR 95% Cl P
Hormones 1.61 74-37 0.24
EBRT 0.89 041-1.92 0.76
PSA (<115 vs 211.5) 39 1.74-9.35 0.0009
T-stage (T1 vs T2) 1.67 0.71-3.67 0.24
Gleason score (<7 vs 28) 1.81 0.79-4.41 0.16
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five years [32,33]. Our results are consistent with a low
a/p for prostate cancer, yielding equivalent doses of at
least 90 Gy at 1.8 Gy per fraction with SBRT, either with
or without pelvic radiotherapy. The advantage of using
SBRT instead of standard fractionation is huge in terms
of cost and time that patients must commit to their
therapy. SBRT is also advantageous as compared to
HDR as it is done non- invasively, without the need for
anesthesia.

It should be noted that all of the above studies found
no benefit to the use of short-term ADT, prior to or
during radiotherapy. The evidence that ADT improves
the outcomes with radiotherapy is with the use of low
doses of 66-70 Gy [34,35]. This benefit seems to
disappear with higher radiation doses, as we have found
in our study. More trials to test this may be necessary.

It should come as no surprise that patients who
received EBRT fared no better in multivariate analysis
than patients who received SBRT alone. Two random-
ized trials, one from RTOG and one from GETUG
[21,22], showed no improvement in outcomes from
pelvic radiotherapy. In addition, Vargas studied the use
of pelvic radiotherapy with HDR in high-risk patients
and found no benefit [36]. All of our patients received
an equivalent dose of 90-96 Gy in 1.8 Gy fractions to
the prostate and peri- prostatic tissues. Our data sug-
gests that the dose to the prostate, and not the pelvic
lymph nodes, is the critical factor in determining clinical
outcome. In fact, SBRT can cover the seminal vesicles
and extracapsular extension as well as standard EBRT,
possibly obviating the need for EBRT of any kind.

Similarly, patients treated with 35 Gy alone or 45 Gy
EBRT followed by 18 Gy, received an equivalent dose of
89-90 Gy. There was no evidence that patients who
received higher doses of 36.25 Gy alone or 21 Gy after
45 Gy pelvic RT (equivalent of 96-98 Gy) had signifi-
cantly better outcomes. Of course, the numbers may be
too small to show a difference, but it is also possible that
90 Gy may be at a point in the dose response curve
where the control rate flattens out, even in high-risk
patients. We have seen this phenomenon with low- and
intermediate-risk patients, where 35 Gy yields equal con-
trol rates and PSA nadir, as higher doses of 36.25-40 Gy
[37]. This is consistent with a recent study by Dasu et al.,
which examined over ten thousand patients and conclu-
ded the o/p ratio for prostate cancer is 1-1.7, even for
high-risk disease [38].

It is interesting that the Gleason score or the T-stage
did not have a significant impact on outcomes, and PSA
remained the only significant variable. This can be ex-
plained by our high degree of local control, regardless of
the Gleason score or T stage. The patients who failed
did so mostly because of distant metastases, which can
be well predicted by the PSA level.
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In terms of toxicity and QOL, we found similar results use of EBRT or brachytherapy [39]. Urinary toxicity
to other forms of radiotherapy. Our QOL EPIC scores levels with SBRT alone were similar to the boost
were similar to those reported by Sanda et al. after the patients, but rectal toxicity for SBRT alone was better than
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the levels seen with boost patients. Rectal toxicity for
SBRT alone was lower than for EBRT + boost patients.
This is true despite the longer follow up for boost patients,
as all late GI toxicity occurred by 24 months. Thus, our
study suggests that SBRT alone is the optimal treatment
approach, and pelvic radiotherapy only adds toxicity with
no therapeutic benefit.

Conclusions
This study supports the use of SBRT as a single-modality
treatment for high-risk prostate cancer patients, with

disease free survival comparable to HDR brachytherapy
and IMRT. Our five-year results will need to be vali-
dated with longer followup, and additional studies with
larger groups of patients. SBRT costs significantly less
than more protracted courses of standard radiotherapy,
and is much less invasive than HDR. SBRT can also
dramatically increase throughput of patients, which can
be especially important in countries with limited radi-
ation resources. Its use in prostate cancer patients,
including high-risk ones, can have a profoundly positive
impact on access to care thoughout the world.

Table 3 Summary of freedom from biochemical failure (FFBF) and toxicity with various radiation modalities used to

treat high risk prostate cancer

Author Year Modality FFBF GU toxicity (G2-3) Gl toxicity (G2-3)
Zelefsky [27] 2006 IMRT (81 Gy in 45 fx) 62% 15% 3%
Kupelian [8] 2007 IMRT (70 Gy in 28 fx) 69% 5.20% 4.40%
Zelefsky [31] 20M EBRT + LDR boost 58% 17.80% 6.20%
Potters [28] 2005 EBRT + LDR boost 63% 15.80% 6.60%
Galalae [29] 2004 EBRT + HDR boost 69% 23% 4.10%
Demanes [30] 2005 EBRT + HDR boost 69% 7.70% 2%




Katz and Kang Radiation Oncology 2014, 9:1
http://www.ro-journal.com/content/9/1/1

Competing interests
The authors reveal that they have no competing interests.

Authors’ contributions

AK treated the patients, collected the data and drafted the manuscript.
JK provided the statistical analysis. Both authors read and approved the
final manuscript.

Author details

'Long Island Radiation Therapy, 6 Ohio Drive, New Hyde Park, NY, USA.
°Flushing Radiation Oncology Services, 40-20 Main Street, Flushing, NY, USA.
*New York University School of Medicine, 550 1st Ave, New York, NY 10016,

USA.

Received: 1 November 2013 Accepted: 26 December 2013
Published: 1 January 2014

References

1.

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 J Radiat Oncol Biol Phys 2008,
70:67-74.

Zietman AL, DeSilvio ML, Slater JD, Rossi CJ Jr, Miller DW, Adams JA, Shipley
WU: Comparison of conventional-dose vs high-dose conformal radiation
therapy in clinically localized adenocarcinoma of the prostate: a
randomized controlled trial. JAMA: the journal of the American Medical
Association 2005, 294:1233-1239.

Brenner DJ, Martinez AA, Edmundson GK, Mitchell C, Thames HD, Armour
EP: Direct evidence that prostate tumors show high sensitivity to
fractionation (low alpha/beta ratio), similar to late-responding normal
tissue. Int J Radiat Oncol Biol Phys 2002, 52:6-13.

Fowler JF: The radiobiology of prostate cancer including new aspects of
fractionated radiotherapy. Acta Oncol 2005, 44:265-276.

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.
Brenner DJ: Fractionation and late rectal toxicity. Int J Radiat Oncol Biol
Phys 2004, 60:1013-1015.

Arcangeli S, Strigari L, Gomellini S, Saracino B, Petrongari MG, Pinnaro P,
Pinzi V, Arcangeli G: Updated results and patterns of failure in a
randomized hypofractionation trial for high-risk prostate cancer. Int J
Radiat Oncol Biol Phys 2012, 84:1172-1178.

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.

Faria S, Dal Pra A, Cury F, David M, Duclos M, Freeman CR, Souhami L:
Treating intermediate-risk prostate cancer with hypofractionated
external beam radiotherapy alone. Radio Oncol: Journal of the European
Society for Therapeutic Radiology and Oncology 2011, 101:486-489.

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.

Friedland JL, Freeman DE, Masterson-McGary ME, Spellberg DM:
Stereotactic body radiotherapy: an emerging treatment approach for
localized prostate cancer. Technol Cancer Res T 2009, 8:387-392.

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

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.

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.

Boike TP, Lotan Y, Cho LC, Brindle J, DeRose P, Xie XJ, Yan J, Foster R,
Pistenmaa D, Perkins A, et al: Phase | dose-escalation study of stereotactic
body radiation therapy for low- and intermediate-risk prostate cancer.

J Clin Oncol: Official Journal of the American Society of Clinical Oncology 2011,
29:2020-2026.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Page 9 of 10

ASTRO: Stereotactic body radiation therapy model policy. In Book
Stereotactic Body Radiation Therapy Model Policy; 2013:2.

Katz AJ, Santoro M, Ashley R, Diblasio F, Witten M: Stereotactic body
radiotherapy as boost for organ-confined prostate cancer. Technol Cancer
Res T 2010, 9:575-582.

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.

Oermann EK, Slack RS, Hanscom HN, Lei S, Suy S, Park HU, Kim JS, Sherer
BA, Collins BT, Satinsky AN, et al- A pilot study of intensity modulated
radiation therapy with hypofractionated stereotactic body radiation
therapy (SBRT) boost in the treatment of intermediate- to high-risk
prostate cancer. Technol Cancer Res T 2010, 9:453-462.

King CR, Freeman D, Kaplan |, 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 Il trials. Radio Oncol: Journal of the
European Society for Therapeutic Radiology and Oncology 2013, 109:217-221.
Roach M 3rd, DeSilvio M, Lawton C, Uhl'V, Machtay M, Seider MJ, Rotman
M, Jones C, Asbell SO, Valicenti RK, et al: Phase llI trial comparing
whole-pelvic versus prostate-only radiotherapy and neoadjuvant versus
adjuvant combined androgen suppression: radiation Therapy Oncology
Group 9413. J Clinical Oncol: Official Journal of the American Society of
Clinical Oncology 2003, 21:1904-1911.

Pommier P, Chabaud S, Lagrange JL, Richaud P, Lesaunier F, Le Prise E,
Wagner JP, Hay MH, Beckendorf V, Suchaud JP, et al: Is there a role for
pelvic irradiation in localized prostate adenocarcinoma? Preliminary
results of GETUG-01. J Clin Oncol: Official Journal of the American Society of
Clinical Oncology 2007, 25:5366-5373.

Romanelli P, Schaal DW, Adler JR: Image-guided radiosurgical ablation of
intra- and extra-cranial lesions. Technol Cancer Res T 2006, 5:421-428.

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.

Cox JD, Stetz J, Pajak TF: Toxicity criteria of the Radiation Therapy
Oncology Group (RTOG) and the European Organization for Research
and Treatment of Cancer (EORTC). Int J Radiat Oncol Biol Phys 1995,
31:1341-1346.

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.

Zelefsky MJ, Chan H, Hunt M, Yamada Y, Shippy AM, Amols H: Long-term
outcome of high dose intensity modulated radiation therapy for
patients with clinically localized prostate cancer. J Urology 2006,
176:1415-1419.

Potters L, Morgenstern C, Calugaru E, Fearn P, Jassal A, Presser J, Mullen E:
12-year outcomes following permanent prostate brachytherapy in
patients with clinically localized prostate cancer. J Urology 2005,
173:1562-1566.

Galalae RM, Martinez A, Mate T, Mitchell C, Edmundson G, Nuernberg N,
Eulau S, Gustafson G, Gribble M, Kovacs G: Long-term outcome by risk
factors using conformal high-dose-rate brachytherapy (HDR-BT) boost
with or without neoadjuvant androgen suppression for localized
prostate cancer. Int J Radiat Oncol Biol Phys 2004, 58:1048-1055.

Demanes DJ, Rodriguez RR, Schour L, Brandt D, Altieri G: High-dose-rate
intensity-modulated brachytherapy with external beam radiotherapy for
prostate cancer: California endocurietherapy's 10-year results. Int J Radiat
Oncol Biol Phys 2005, 61:1306-1316.

Zelefsky MJ, Yamada Y, Pei X, Hunt M, Cohen G, Zhang Z, Zaider M:
Comparison of tumor control and toxicity outcomes of high-dose
intensity-modulated radiotherapy and brachytherapy for patients with
favorable risk prostate cancer. Urology 2011, 77:986-990.

Demanes DJ, Brandt D, Schour L, Hill DR: Excellent results from high
dose rate brachytherapy and external beam for prostate cancer are
not improved by androgen deprivation. Am J Clin Oncol 2009,
32:342-347.



Katz and Kang Radiation Oncology 2014, 9:1
http://www.ro-journal.com/content/9/1/1

33.

34.

35.

36.

37.

38.

39.

Galalae RM, Kovacs G, Schultze J, Loch T, Rzehak P, Wilhelm R, Bertermann
H, Buschbeck B, Kohr P, Kimmig B: Long-term outcome after elective
irradiation of the pelvic lymphatics and local dose escalation using
high-dose-rate brachytherapy for locally advanced prostate cancer. Int J
Radiat Oncol Biol Phys 2002, 52:81-90.

D'Amico AV, Chen MH, Renshaw AA, Loffredo M, Kantoff PW: Androgen
suppression and radiation vs radiation alone for prostate cancer: a
randomized trial. JAMA: the journal of the American Medical Association
2008, 299:289-295.

Bolla M, Collette L, Blank L, Warde P, Dubois JB, Mirimanoff RO, Storme G,
Bernier J, Kuten A, Sternberg C, et al: Long-term results with immediate
androgen suppression and external irradiation in patients with locally
advanced prostate cancer (an EORTC study): a phase Il randomised trial.
Lancet 2002, 360:103-106.

Vargas CE, Galalae R, Demanes J, Harsolia A, Meldolesi E, Nurnberg N,
Schour L, Martinez A: Lack of benefit of pelvic radiation in prostate
cancer patients with a high risk of positive pelvic lymph nodes
treated with high-dose radiation. Int J Radiat Oncol Biol Phys 2005,
63:1474-1482.

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? Frontiers in oncology 2011, 1:49.

Dasu A, Toma-Dasu I: Prostate alpha/beta revisited - an analysis of clinical
results from 14 168 patients. Acta Oncol 2012, 51:963-974.

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. New Engl J
Med 2008, 358:1250-1261.

doi:10.1186/1748-717X-9-1

Cite this article as: Katz and Kang: Stereotactic body radiotherapy with
or without external beam radiation as treatment for organ confined
high-risk prostate carcinoma: a six year study. Radiation Oncology

2014 9:1.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Radiation treatment
	Follow-up schedule and toxicity assessment
	Statistical analyses

	Results
	Biochemical disease-free survival and PSA
	Multivariate analysis
	Late treatment toxicity
	Quality of life scoring

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References

