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Introduction

Several randomized trials have compared the outcomes of 
dose escalated external beam radiation to external radiation fol-
lowed by a brachytherapy boost in locally advanced prostatic car-
cinomas and has shown the superiority of the later [1]. However, 
the biologically equivalent dose (BED) delivered in such schedules 
must be meticulously assessed, so as the radiobiological difference 
between the two schedules. Wherein conventionally fractionated 
external beam radiotherapy provides dose escalation without the 
radiobiological advantage as that of a naturally higher dose per 
fraction brachytherapy [2]. SBRT with cyberknife used as a boost 
circumvents this disadvantage and makes safe dose escalation us-
ing external radiation feasible [3]. The role of radio surgical abla-
tion in low-risk prostatic carcinomas is well established [4]. Our 
study has analyzed the local control rate and toxicity profile of 31 
patients with high-risk prostatic adenocarcinoma who have re-
ceived neoadjuvant hormone therapy followed by external beam 
radiation using tomotherapy and a cyberknife boost.

Aim
To analyze the biochemical outcomes and toxicity profile of 

patients receiving cyberknife boost in locally advanced high risk 
prostatic carcinomas.

Objective
To analyze the effect of cyberknife boost on local control and 

normal tissue toxicity in localized high risk prostate carcinomas  

 
and compare that with the outcomes of historical treatment co-
hort that received dose escalated external radiation therapy.

Material and Method
We retrospectively identified from our hospital registry,31 pa-

tients with histologically proven high risk prostatic adenocarcino-
ma, treated with neoadjuvant hormonal therapy for 3 months fol-
lowed by external beam radiation using tomotherapy technique to 
a total dose of 45-50Gy and 2-3 fractions of cyberknife boost, post 
fiducial marker placement. Patients continued hormonal therapy 
for 2 years post treatment.

Inclusion Criteria:

i. Histologically proven adenocarcinoma

ii. Gleason grade >/= 7

iii. Clinical Stage T2b or higher

iv. Baseline PSA >/= 20

v. ECOG Performance status 0-2

Exclusion Criteria:

i. Patients having received previous pelvic radiotherapy.

ii. Patients with distant metastatic disease.

iii. Patients with two or more primary malignancies.
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IGRT Treatment Delivery

All patients underwent PSMA PET CT simulation before IGRT 
planning (Figure 1). Both rectal and bladder protocol as per our 

institutional policy was followed before simulation and same was 
followed before each IGRT fraction. GTV, CTV and PTV was con-
toured according to RTOG guidelines. 95% of isodose coverage 
was accepted for the contoured volume.

Figure 1: IGRT Treatment Delivery.

SBRT Treatment Planning & Delivery

All patients had 3 or more gold fiducials placed in the pros-
tate 2 days after the completion of IGRT and prior to treatment 
planning. To allow for fiducial stabilization, planning images were 
obtained a minimum of 5-7 days after fiducial placement. Patients 
underwent thin cut (1.25 mm) contrast enhanced CT scan simula-
tion. The clinical target volume (CTV) included the prostate, areas 
of radiographic extracapsular extension (ECE), and the proximal 
seminal vesicles to the point of separation. The prescription dose 
was 16-24 Gray in 2-3 fractions. The rectum, bladder, penile bulb, 
and head of femur were contoured and evaluated with dose vol-
ume histogram (DVH) analysis during treatment planning.

Follow-up and Toxicity assessment

Patients were assessed at 1 month after therapy, every 3 
months for the first year, and every 6 months for another year. 
Chronic GI and GU toxicities were documented at 2 years fol-
low-up visits using RTOG grading score. Any sexual dysfunction 
was also documented at 2years of follow up period. Serum PSA 
level was measured at 3months,6 months, 1 year and 2 years of 
follow up and documented.

Results
From December 2015 to September 2017, 31 prostate cancer 

patients treated with IMRT plus SBRT boost were considered for 
the study retrospectively and the descriptive statistics was done 
on the data collected.

i. The median follow up was 24.4 months.

ii. The median age was 74 years (range 46–89years).

iii. The patients were generally healthy with ECOG PS 0-1.

iv. The median pre-treatment prostate-specific antigen lev-
el was 64ng/ml

v. 3 patients i.e., 9.6% were treated with 45Gy in 25 frac-
tions whereas rest of the patients with 50Gy in 25 fractions.

vi. Chronic GI & GU toxicities were documented at 2 years 
for all patients, where most of the patients did not have any tox-
icity.

vii. 6 patients i.e., 19.3% had RTOG grade 1 GU toxicity with 
increase in frequency of micturition and 1 patient had RTOG grade 
2 GU toxicity.

viii. Only 1 patient had RTOG grade 1 GI toxicity in terms of 
diarrhea.

ix. Sexual dysfunction was noted in 9 patients i.e.29% and 
3 patients could not comment about the same. The median age for 
patients having sexual dysfunction was 76 years.

x. One patient had locoregional recurrence: with 
lymph-nodal recurrence.

xi. Only distant metastasis was in the bone seen in 3 pa-
tients. Two patients died among them with one cause of death was 
not due to disease per se.
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Discussion
Increasing incidence of prostatic carcinoma in developed and 

developing countries warrants newer treatment strategies [5] 

(Figure 2-5). The most promising treatment strategies developed 
with respect to radiation therapy being exploration of the radiobi-
ological advantage of hypofractionation and safe dose escalation 
to a prescription dose of 76–80 Gy [6,7].

Figure 2-5: Median Serum PSA level at 3 months,6 months, 1year and 2 years was 0.5ng/ml, 0.14ng/ml, 0.12ng/ml, 0.023ng/ml respectively.
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Recent studies comparing dose escalated external beam radi-
ation therapy to external beam radiation followed by brachyther-
apy boost demonstrates higher biochemical control with the lat-
er [1,2]. However, radio biologically, conventionally fractionated 
dose escalation strategies are inferior to the one that combines 
brachytherapy due to the lower alpha by beta of prostatic carcino-
ma [8]. External beam radiation followed by cyberknife boost cir-
cumvents the disadvantages of an invasive procedure at the same 
time makes safe dose escalation feasible.

Between dose escalated external beam radiation and external 

beam radiation followed by brachytherapy boost, there are differ-
ences with respect to radiobiology of the overall treatment time, 
dose per fraction, EQD2 and BED. These differences have translat-
ed to a superior biochemical control favoring the use of external 
beam radiation followed by a brachytherapy boost in high risk 
localized prostatic carcinoma. However, when external beam radi-
ation is followed by a cyberknife boost, these differences could be 
minimized and the aim of our study was to analyze the difference 
in outcomes, if any, among the 31 patients treated with tomother-
apy followed by cyber-knife boost compared to the historic cohort 
receiving dose escalated external beam radiation only (Figure 6).

Figure 6: Comparison of the Dose Schedule.

Comparison of the Dose Schedule

The overall treatment time is less in the cyberknife boost when 
compared to the dose escalated external radiation. Although the 
alpha by beta of prostatic carcinoma is similar to or even less than 

late reacting normal tissues, the impact of overall treatment time 
in local control of prostatic carcinoma has been inconclusive [9]. 
However, a shorter treatment duration has its beneficial effects 
when patient comfort I and resumption to pretreatment life rou-
tine is concerned (Figure 7).

Figure 7: Comparison of the Dosimetry.

Comparison of the Radiobiological differences

BIOLOGICALLY EFFECTIVE DOSE FORMU-
LA-BED=nd(1+d/a/b)

n-Number of fractions

d-dose per fraction

a/b-alpha by beta value

SCHEDULE 1- EXTERNAL BEAM RADIATION 2Gy per fraction, 

TD 76Gy

TUMOUR –BED-(a/b-1.5)-177 Gy

EARLY RECTING NORMAL TISSUE-BED-(a/b-10)-87.4 Gy

LATE RECTING NORMAL TISSUE-BED-(a/b-3)-126 Gy

SCHEDULE 2-EXTERNAL BEAM RADIATION TD50Gy followed 
by Cyberknife boost 7Gy x 3 fractions.

TUMOUR –BED-(a/b-1.5)-116.5+118.86 =235.36 Gy
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EARLY RECTING NORMAL TISSUE-BED-
(a/b-10)-60+35.7=95.7 Gy

LATE RECTING NORMAL TISSUE-BED-(a/b-3)-83.3+70= 
153.3 Gy

Cyberknife boost to external beam radiation increases the 
biologically effective dose delivered to the tumor with a minimal 
increase in BED to acute and late reacting normal tissue. However, 
the therapeutic window is widened as the tumor control proba-
bility is increased at such high doses and with advanced radiation 
planning techniques such as cyberknife, dose to the normal tissue 
can be minimized.

Difference in BED to tumor and normal tissue between exter-
nal beam radiation and external radiation followed by cyberknife 
boost. As noted, the proportion of increase in dose to tumor is 
much higher when compared to increase in proportion of dose to 
normal tissue thus widening the therapeutic window.

Comparison of mechanism of radiation action

The 4Rs of external beam radiation therapy such as repair, 
repopulation, redistribution and reoxygenation has very little 
role in stereotactic radiation. The major mechanism of action of 
stereotactic radiation is through the direct and indirect vascular 
damage and the immune stimulating effects of stereotactic radi-
ation [10]. Combing stereotactic radiation as a boost to external 
radiation provides the combined radiobiological benefits of both. 
[11].

Comparison of results with historic cohort of dose es-
calated external beam radiation with conventional 
fractionation

A Phase II/III Androgen Suppression Combined with Elective 
Nodal and Dose Escalated Radiation Therapy (ASCENDE-RT) tri-
al demonstrated that a low-dose-rate (LDR) brachytherapy boost 
resulted in a 50% reduction in biochemical relapse compared 
to dose-escalated external beam radiation therapy [12].The bio-
chemical failure free survival at 5 years was 89% in the arm that 
received brachytherapy versus 84% in the External radiation 
only arm with a trend towards increasing biochemical failure at 
later years in the only external radiation arm. This trial included 
intermediate and high risk categories and only 69 percent of the 
patients belonged to the high risk category. The biochemical re-
currence rate in this high-risk group is not known separately our 
study, although the number of cases is 31, all patients were of high 
risk and a biochemical failure free survival of 87% was reported 
at 2 years. Thus, the trend for biochemical failure is superior to 
dose escalated external radiation and maybe comparable to the 
brachytherapy boost arm.

While this study used a LDR boost there are similar encour-
aging outcomes using high-dose-rate (HDR) brachytherapy as a 
boost [13]. A randomized trial of external beam radiation alone 
or combined with HDR-brachytherapy boost for localized prostate 

cancer by Peter J Hoskin et al included 218 patients between the 
year 1997 to 2005.About 58% of these patients belonged to the 
high risk category. The relapse free survival at 5 years was 75% 
in the arm that used brachytherapy as a boost versus 61% in the 
only external radiation arm. Our results, although are at 2 years is 
superior to both the reported outcomes.

Comparing the toxicity profile, the rate of acute and late toxic-
ity differs significantly with the technique used [14]. With improv-
ing radio therapeutic techniques, we are able to deliver precision 
radiation with image guidance. A study involving 843 men with lo-
calized prostate cancer assessed the toxicity profile in men treat-
ed with normal dose and dose escalated conformal radiotherapy. 
Late bowel toxicity was reported within 5 years of starting treat-
ment by 33% of the escalated and 24% of the standard group. 
These data demonstrated that escalated dose highly conformed 
radiation with ADT improves treatment outcomes but is associat-
ed with an increased incidence of long-term adverse events [15].

Inverse-planned IMRT has been shown to reduce the dose de-
livered to the rectum and penile bulb (prostate and seminal ves-
icle radiotherapy), and the bowel and bladder (pelvic radiother-
apy) [16]. data exists to suggest that IMRT can achieve reduced 
gastrointestinal (GI) toxicity, at least equivalent genitourinary 
(GU) toxicity, and effects on sexual function may also be improved 
[17]. The rate of sexual dysfunction reported varies between 20 to 
50% with dose escalated external radiation [18].

In our study, external radiation was delivered using tomother-
apy and no grade iii acute toxicity was seen not was any chronic 
toxicity found. The rate of gastrointestinal and genitourinary tox-
icity is less when compared to other dose escalated external beam 
radiation technique studies [19,20].

From our observation, external radiation followed by cy-
berknife boost provides outcomes superior to dose escalated 
external radiation only with toxicity profile lesser than the dose 
escalated external radiation group due to high precision radiation 
sparing normal tissues.

Conclusion
SBRT boost using cyberknife is a promising noninvasive strat-

egy delivering higher tumoricidal dose with outcomes superior 
to dose escalated external beam radiation only. Further follow-up 
and outcome analysis including a larger case strength would be 
recommended.
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