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Image-Guided Stereotactic Body Radiation
Therapy for Clinically Localized Prostate Cancer:
Preliminary Clinical Results
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Stereotactic body radiotherapy (SBRT) is a new treatment modality for prostate cancer. The
current study evaluates CyberKnife® SBRT and reports toxicity and early Prostate-Specific
Antigen (PSA) kinetics. From June 2006 to August 2009, 45 low-and intermediate-risk pros-
tate cancer patients received Cyberknife SBRT of 35 Gy in five fractions with 95% minimum
target coverage. Median follow-up was 20-months (range 6-42-months). Seventeen patients
received androgen-deprivation therapy also. Acute complications were mild, short-lived and
no greater than Grade 2 by RTOG scale. Late toxicities consisted of one patient (2.2%)
experiencing Grade 2 rectal, one patient (2.2%) Grade 3 and four patients (8.8%) with Grade
1 urinary toxicity. PSA in all patients progressively declined from a mean 4.7 ng/ml baseline
to 1.48 ng/ml at three months, to 0.68 ng/ml at 12 months and to 0, 35 ng/ml at 24 months.
The 28 hormon-naive patients had the mean PSA value of 1.1 ng/ml at one year from a mean
6.65 ng/ml baseline. There was a significant PSA value reduction in 11 hormone therapy
patients with low baseline PSA value (< 1 ng/ml) from 0.37 down 0.14 ng/ml (p value 0.0068)
at one year. Moreover, 14 low risk patients gave better results of mean PSA value than 17
Intermediate risk patients 0.43 ng/ml vs. 0.93 ng/ml (p value 0.02) at one year. No patient
had biochemical failure at last follow-up. Hypofractionated SBRT appears to have potential
against prostate cancer. Low toxicity and encouraging biochemical control support its use in
early-stage prostate cancer. Results encourage further follow-up and larger studies.
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Introduction

The modern practice of radiotherapy (RT) offers certain choices of treatment,
such as multi-field 3-D conformal radiotherapy (3D-CRT), intensity-modulated
radiotherapy (IMRT), image-guided radiotherapy (IGRT) (1) and stereotactic
body radiotherapy (SBRT) (2).

Clinical, biologic and technological factors deeply influence the treatment of can-
cer patients with radiotherapy (1). In particular, technological advances in radia-
tion therapy (3) have drastically changed the way patients with prostate cancer
are treated these days.

Abbreviations: SBRT: Stereotactic body radiotherapy; PSA: Prostate-specific antigen; RTOG:
Radiation Therapy Oncology Group; 3D-CRT: Three dimensional conformal radiotherapy; IMRT:
Intensity-modulated radiotherapy; IGRT: Image-guided radiotherapy; TURP: Transurethral radical
prostatectomy; TRUS: Transrectal ultrasound; ECOG: The Eastern Cooperative Oncology Group;
AD: Androgen deprivation; PTV: Planning target volume; QoL: Quality of life; EBRT: External beam
radiotherapy.
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In the current practice, the priority of radiation therapy has
been found to adequately treat prostate cancer without damag-
ing the rectum and the bladder, i.e., keeping the dose to these
organs within their respective levels of tolerance. Moreover,
both recent analyses and reviews of clinical tumor control
data support a low o/f ratio for prostate cancer, on the order
of 1 to 3 Gy, which suggests that prostate cancer should be
treated with fewer and larger doses of radiation — the hypof-
ractionationed approach (4, 5). There is increasingly convinc-
ing evidence that biochemical control, indicated by blood
prostate-specific antigen (PSA) concentrations, improves with
higher doses of radiation delivered per fraction, an observa-
tion noted by recent articles of publication (6-8). This fact
introduces the challenge of delivering a very high dose to the
prostate while keeping the dose to the surrounding organs at
risk at acceptable levels.

CyberKnife® Robotic Radiosurgery System (Accuray Incor-
porated, Sunnyvale, California, U.S.A.) is one of the better-
suited instruments to this end, with a 6-MYV linear accelerator
installed on a computer-controlled robotic arm that provides
stereotactic targeting with flexibility; it allows for real-time
organ positioning and motion correction during delivery. It
also allows for non-isocentric inverse treatment planning, as
it works with multiple non-coplanar beams shot from 1600
possible angles (2, 9). Accurate targeting is accomplished
through in-situ orthogonal X-ray imaging and internal fidu-
cials as reference markers used for alignment of the linear
accelerator by the robotic arm (2, 10).

In this study, we set out to evaluate the feasibility, tolera-
bility, early biochemical control and toxicity of CyberKnife
SBRT as applied to the treatment of patients with low-and
intermediate-risk prostate cancer.

Methods and Materials
Patient Eligibility

At our institution, from June 2006 to August 2009, 45-patients
(TableI) with biopsy-proven prostate cancer were treated with
CyberKnife SBRT. Eligibility of the patients was determined
by a multidisciplinary tumor board consisting of a urologist,
amedical oncologist and a radiation oncologist. The patients’
advanced age and ineligibility for surgery were determinant
factors in the indication of CyberKnife SBRT.

Clinical work-up consisted of a physical examination, includ-
ing a digital rectal examination, and a PSA test, if the earlier
test was conducted more than six weeks before the patient
entered our care. Staging was performed according to the
American Joint Committee on Cancer guidelines of 1997.
Twenty-two patients had low-risk disease (T1c-T2a, Gleason
score < 6, PSA < 10 ng/ml), and 23 had intermediate-risk
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Table I
Patients characteristic, 45 Cyberknife -SBRT pts.

Median follow-up 20 months (6-42 months)
RT group 28-pts
RT+AD 17

Average value PSA
RT group
RT+AD group (at diagnosis)
RT+AD group (prior RT)

6.92 ng/ml Range [2.2-14]
8.07 ng/ml Range [2-20]
1.48 ng/ml Range [0.1-8.70]

Gleason grade 5 (243, 3+2) 4 pts
6 (3+3) 36
7 (3+4) 5

Clinical stage Tlc 19 pts
T2a 9
T2b 5
T2c 12

Risk Low 22 pts
Intermediate 23

pts = patients, RT = Radiotherapy, SBRT = Stereotactic Body Radiotherapy,
AD = Androgen Deprivation Therapy.

disease (T2b-2c, Gleason score 7, PSA 10-20). Patients
were divided into two groups: 28 received radiotherapy only
(the RT group), and 17 received radiotherapy and androgen
deprivation therapy (the RT + AD group). In the RT + AD
group, three-patients received hormone therapy before radio-
therapy; eleven patients received it for one year after radio-
therapy and three-patients for two-years. Three patients had
undergone transurethral resection (TURP) one, four, and
five-years prior to SBRT. Median prostate volume calculated
with transrectal ultrasound (TRUS) was 32.5 cc (range 16 —
69 cc); patients with larger than 70-cc prostate volume were
excluded. Median age was 73-years (range 62 — 80 years).
The older patients had 0 ECOG performance status, the
cut-off for eligibility being 0-1. Transperineal endoscopic
ultrasound-guided biopsies performed per patient ranged
from six to 20 (mean 10.5). Clinical stages were Tlc in 19
patients, T2a in nine-patients, T2b in five patients and T2c in
12-patients. Gleason score was 5 (2+3 or 3+2) in four-patients,
6 (3+3) in 36-patients and 7 (3+4) in five-patients. In all
patients, mean PSA at diagnosis was 8.07 ng/ml. Immedi-
ately before the treatment, the PSA readings were 1.48 ng/ml
in the RT + AD group, and 6.65 ng/ml in the RT group. No
patient had a PSA level higher than 20 ng/ml.

Treatment

Four gold fiducials were implanted in the prostate, with
transperineal ultrasound guidance. Two-weeks post-fiducial
implantation, and two helical pelvic CT scans, were acquired
in supine position with 1-mm slice thickness — one of the
scans with bladder contrast and the other without - in order to
be used in treatment planning. The week before the planning
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CT acquisitions, the patients were put on a gas-minimizing
diet. Both the planning CT and the treatment were performed
with an empty rectum and a catheter-controlled bladder.

For treatment planning, the prostate gland, seminal vesicles,
rectum, bladder, penile bulb and femoral heads were con-
toured. The planning target volume (PTV) included the pros-
tate, with a 5-mm volumetric expansion, which was reduced
to 3 mm toward the rectum. The treatment consisted of five
fractions of 7 Gy for a total dose of 35 Gy in five consecu-
tive days. The treatment plans contained the specific require-
ment of a minimum PTV coverage of 95% at the prescription
dose, normalized to the 80% isodose line, and the dose to
the organs at risk was constrained such that 5% of the rectal
volume received no more than 38 Gy, 5% of the bladder no
more than 40 Gy, and 5% of the urethra no more 41 Gy and
25% of the penile bulb 29 Gy.

Results
Toxicity

All patients were able to complete the treatment. Median
follow-up was 20-months (range 6-42 months). Toxicity was
reported at the baseline, at ten-days, one-month and three-
months, and every six-months after the treatment, using the
RTOG acute and late toxicity criteria. Urinary and rectal tox-
icities are reported in Table II. In the majority of the patients,
toxicity, in the form of urgency or urinary frequency, and
rectal urgency or stool frequency, happened during either the
first week or the following two to four weeks. Acute urinary
toxicity occurred in 21-patients (46.6%), as Grade 1 toxic-
ity in 16-patients (35.5%) and Grade 2 toxicity in 5-patients
(11.1%). No Grade 3 or 4 acute toxicity was encountered.

To assess toxicity according to prostrate volume, we divided
the patients into two groups, a group with prostate volumes
larger than or equal to 30 cc, and one of patients with vol-
umes less than 30 cc. Acute urinary toxicity, evaluated based
on prostate volume, was not different in the two groups of
patients: 42.10% in the group with prostate volume < 30 cc

Table 11
Cyberknife-SBRT: toxicity in 45 patients.

RTOG Grade
Acute 1 11 11 v
Urinary % (n° pts) 35.5% (16) 11.1% (5)
Rectal % (n° pts) 24.4% (11) 24.4% (11)
Late 1 11 11 1\Y%
Urinary % (n° pts) 8.8% (4) - 2.2% (1)
Rectal % (n° pts) 2.2% (1)

SBRT = Stereotactic Body Radiation Therapy, RTOG = Radiation Therapy
Oncology.
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(19-patients) and 50% in the group with prostate volume
2 30cc (26-patients). No urinary toxicity difference occurred
between the patients in the RT + AD group and those in the
RT group, either. They were 47% (8/17 patients) and 46.4%
(13/28 patients), respectively.

Acute rectal toxicity occurred in 22-patients (48.8%), 11
(24.4%) of whom had Grade 1, and 11 Grade 2. There were
no Grade 3 or 4 rectal toxicities and no difference between
patients with prostate volume < 30 cc and = 30 cc, which
were 47.3% (9/19 patients) vs. 50% (13/26 patients), respec-
tively.

Late (six-months and later) urinary toxicities, as frequency
or urgency, occurred in five patients (11%), four of whom
had Grade 1 and one Grade 3 based on RTOG score. Of the
three patients who had undergone TURP prior to treatment,
two experienced late Grade 1 and Grade 3 urinary toxicity.
Late rectal toxicities, i.e., occasional bleeding, occurred in
one patient out of 45 (2.2%).

PSA Response

Figure 1 shows mean PSA values after CyberKnife SBRT.
In all patients, PSA decreased continuously, with a mean of
1.48 ng/ml at three months, 0.68 ng/ml at 12-months, and
0.35 ng/ml at 24-months.

In the RT + AD group (PSA value of 1.48 ng/ml prior RT)
the mean PSA was 0.23 ng/ml, 0.23 ng/ml and 0.18 ng/ml at
3, 12, 24 months, respectively (Figure 2). In the RT group
(PSA value of 6.65 ng/ml prior RT) the mean PSA was 2.24
ng/ml, 1.10 ng/ml and 0.47 ng/ml at 3, 12, 24 months post
treatment, respectively (Figure 3).

In 11-patients of the RT + AD group with low baseline PSA
value of < 1 ng/ml (mean 0.37 ng/ml), PSA continued to
decrease from 0.37 down to 0.14 ng/ml at one-year (p value
0.0068). By analyzing 31 low and intermediate risk patients
at one year, a mean PSA of 0.43 ng/ml was found in 14
low risk patients, and of 0.97 ng/ml in 17 intermediate risk
patients (p value 0.02).
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Figure 1: Mean PSA level (ng/ml), all patients.
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Figure 2: Mean PSA level (ng/ml), without hormone.

Discussion

The present study adds to the evidence in the literature on the
benefits of hypofractionation, a relatively recent phenome-
non, in the treatment of prostate cancer (7,9, 11, 12). Accord-
ing to the theory of radiobiology, larger fraction doses should
cause higher damage to prostate cancer cells than to normal
tissue cells surrounding them, because of the low o/f ratio
of prostate cancer cells (5, 13-15). With advanced computer-
aided technologies, the prostate target volume can be treated
with higher radiation dose levels (1, 4, 8).

SBRT, combined with enhanced technologies, including the
CyberKnife, allows the beams to be targeted more precisely
to the prostate, while exposing the rectum and the bladder
to the smallest possible doses of radiation (9, 10, 16). In this
way, advanced SBRT techniques should theoretically obtain
better disease control with fewer side effects. The 35/5 dose
was applied, as many clinic studies support the efficacy and
safety of larger doses (5, 6, 7, 8, 12).

According to King et al., (10) 89% of the 41-patients treated
with CyberKnife had no quality of life (QoL) problems as far
as rectal health, and 90% reported a QoL score below 3 as far
as urinary problems following the treatment. Friedland et al.,
(9), in one series of 100-patients treated with CyberKnife,
reported no cases of urinary stricture or incontinence; only one
patient had Grade 3 rectal toxicity. The results in our series
were similar: no patient had late rectal Grade 3 toxicity, only
one-patient had Grade 3 urinary urgency. The latter patient
had undergone TURP before entering our trial. This may or

Mean PSA response RT-Ad group
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Figure 3: Mean PSA level (ng/ml), with hormone.
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may not have contributed to the relatively serious toxicity
this patient experienced. Literature reports an increased risk
of acute and severe radiation toxicities in patients who had
had TURP before external beam radiation therapy (EBRT),
but it also stresses that overall incidence of long—term toxic-
ity is low and not persistent.

When comparing other prognostic factors, i.e., hormone ther-
apy and prostate volume in relation to acute and late toxici-
ties, no differences were seen. With regard to the hormone
therapy group, we had the same genito-urinary acute toxic-
ity rates: 47% (8/17 patients) and 46.6% (13/28 patients),
respectively, in the RT + AD and the RT groups, contrary to
the results in the literature for 3-D radiation therapy (17). As
for acute rectal toxicity, there was no difference between the
RT + AD and the RT group — 35% (6/17 patients) and 57%
(16/28 patients).

As for toxicity, we evaluated prostate volume as a prognos-
tic factor of acute toxicity. There was no difference between
the two groups with plus or equal to 30 cc and less. In the
230 cc. group, 3/26 patients (11.5%) had acute Grade 2 gen-
ito-urinary toxicity and 7/26 patients had acute Grade 2 rectal
toxicity. In the group with less than 30 cc prostate volume,
2/19 patients (10.5%) had grade 2 genitourinary toxicity and
4/19 patients (21%) had acute Grade 2 rectal toxicity.

Within the confines of the limited experience that so far has
made it to press, CyberKnife SBRT has demonstrated promis-
ing biochemical control. King et al., have observed a median
PSA nadir of 0.32 ng/ml at 33 months (10); Friedland et al.,
have reported that 44% of the patients treated with hormone
therapy in addition to CyberKnife obtained a PSA nadir
below 1.0 ng/ml at 1-year (9). In our series, the PSA read-
ings continuously decreased down to a value of 0.40 ng/ml
in 31 of the 45-patients at 18-month medium follow-up. The
28-patients treated without hormone therapy attained a PSA
level of 0.84 ng/ml at one year. Paralleling the 2009 King
et al., study on SBRT with CyberKnife (10), in our series
also, no patient had PSA failure at last follow-up, regardless
of the definition of biochemical failure (18).

There was a significant PSA value reduction in patients with
low baseline PSA value, (£ 1 ng/ml), who had hormone ther-
apy (p value 0.0068).

Literature reports a better biochemical control rate and a bet-
ter PSA free survival in patients with different risk factors. In
fact, our 14 low risk patients gave better results of mean PSA
value at one year than the 17 intermediate risk patients - 0.43
ng/ml vs. 0.93 ng/ml (p value 0.02).

Although all these results seem promising as far as biochemi-
cal response and complications, it is well known that prostate
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cancer is a slow-progressing ailment and monitoring its out-
come requires extended amounts of time measured in years
rather than months. The results of the current study can only
be considered preliminary, calling for further follow up and
other more extensive studies to test the possibilities of high-
precision SBRT against prostate cancer.

Conclusions

SBRT is a new technique, so follow up is relatively short. In
our series, this technique seems to have high potential for the
therapy of prostate cancer; its use is facilitated and enhanced
by technological advances. Low toxicity and encouraging
biochemical control support the use of SBRT in early-stage
prostate cancer. In our series, urinary and rectal complica-
tions were acceptable, with a sharp PSA response. Although
the results seem very encouraging both for PSA response and
for low complications, longer-term follow-up analysis will
be necessary. The results of the present study will have to be
confirmed in 2-3 years.
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