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Abstract. In the recent years, remarkable progress in the field of 

radiotherapy has been made, especially in treatment delivery techniques.  

Close attention has been paid to prostate cancer, in particular because of 

its high incidence and the potential curability.  During the last decades, 

strategies of radiotherapy of prostate cancer have improved with regard 

to dose escalation, hypo-fractionation, high-dose-rate brachytherapy, 

and the introduction of modern techniques such as Intensity Modulated 

Radiation Therapy and Stereotactic Body Radiation Therapy.  

Stereotactic radiotherapy for prostate cancer is used to deliver a higher 

dose to the prostate with better sparing for bladder and rectum, due to a 

high level of precision and smaller required planning target volume, in 

reduced number of fractions, either exclusively for early localized 

disease or as a boost after External Beam Radiation Therapy for more 

advanced localized disease. Recent clinical data showed that 

Stereotactic Body Radiation Therapy provides acceptable toxicities and 

encouraging results of biological control.  More trials with long-term 

follow-up are required to evaluate the late toxicities and its efficacy for 

the consideration of Stereotactic Body Radiation Therapy as a treatment 

option for patients with localized prostate cancer. 

Keywords: Prostate cancer, Stereotactic Body Radiation Therapy, 

Dose-escalation, CyberKnife, prostate boost, Hypo-

fractionation. 
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Rationale for Stereotactic Radiotherapy in Prostate Cancer 

Biological tumor control has been improved with dose escalation
[1–3]

, 

but at the expense of rectal and bladder toxicity
[2,3]

, which has led 

physicians to seek more sophisticated techniques such as Intensity 

Modulated Radiation Therapy (IMRT) that may allow increasing the 

dose to the prostate while sparing the surrounding normal tissue.  

Even with these techniques, a relatively large margin around the 

prostate is needed to account for prostatic motion; consequently, this 

large margin defining the Planning Target Volume (PTV) will 

increase the radiation exposure to the normal tissue.  

An interesting issue that has also been evaluated is the sensitivity 

of prostate cancer to the dose-per-fraction, i.e., the alpha-beta ratio 

(α/β).  The α/β ratio is the dose, when the number of cells killed by 

the linear component α (death due to non-repairable lethal DNA 

damage) is equal to the cell kill from the quadratic component β 

(death due to accumulation of sub-lethal DNA damages).  The α/β 

ratio is typically high in rapidly proliferating tissue like most of the 

tumors and the acute responding normal tissues (e.g., gastrointestinal 

mucosa and bone marrow) which will produce the acute toxicities.  

The α/β ratio is low in some tumors and in late responding normal 

tissue (e.g., neurons, muscles, and connective tissue cells) which will 

result in the late toxicities.  Tumors with low α/β ratio are more 

sensitive to high dose-per-fraction.  Several studies suggest that the 

α/β of prostate cancer is as low as late responding tissue, unlike the 

usually high α/β ratio of other tumor cells
[4–7]

.  In some reports, the 

α/β of prostate cancer was estimated to be as low as 1.5 Gy
[4,5]

, which 

is even lower than the α/β of the surrounding late responding normal 

tissues.  This means that prostate cancer cells are more sensitive to 

higher dose-per-fraction than the surrounding normal tissues.  

Therefore, hypofractionated treatment may increase tumor-cell-killing 

effect for a lower or similar risk of late toxicity. 

Stereotactic Body Radiation Therapy (SBRT) of prostate cancer is 

used to ensure the accuracy of this hypofractionated treatment to a 
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localized volume, with limited necessary margins, by using highly 

precise stereotactic localization systems. 

Feasibility and Accuracy of SBRT 

Most of the SBRT studies of prostate cancer are relatively recent, 

attempting to integrate the radiobiological features of prostate cancer 

with the most developed treatment techniques and technologies to 

achieve the best therapeutic outcome.  Their early results are 

encouraging. 

There are many trials that showed the feasibility and accuracy of 

SBRT for prostate cancer
[8–14]

.  Most of them were applied to 

low/intermediate risk, with the dose-per-fraction range of 6-10 Gy 

and five fractions being delivered in about ten days.  Fiducial markers 

are implanted in the prostate and used for localization and positioning 

during treatment planning and delivery.  These trials demonstrated the 

high accuracy of SBRT that allowed using small PTV margins with 

the purpose to maximize the protection of the bladder and rectum 

(Fig. 1).  The dosimetric analysis and comparison showed the 

superiority of CyberKnife for sparing the bladder and rectum, target 

coverage, and the same dose heterogeneity when 

 

 

 

Fig. 1. Isodose-line distribution of two patients treated in Centre Oscar Lamret, 

Lille, France; (a) 3D-conformal radiotherapy, (b) SBRT by CyberKnife. 

a 
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compared to IMRT planning
[15,16]

.  SBRT by CyberKnife was also 

compared to a simulated treatment plan for high-dose-rate (HDR) 

brachytherapy and proved to be able to mimic the dosimetry of HDR 

brachytherapy while delivering the treatment noninvasively
[17]

.  In 

addition, CyberKnife can precisely localize the target in real-time 

during the treatment by organ motion tracking, with the ability to 

automatically correct for displacement. 

Toxicity of SBRT for Prostate Cancer 

In the case of prostate cancer, expected complications of 

radiotherapy are genitourinary (GU) toxicity, gastrointestinal (GI) 

toxicity, and erectile dysfunction (ED).  Radiation-induced toxicities 

are classified as acute or late, according to their distinct features and 

pathophysiological mechanisms. 

The estimated α/β value for the grade ≥ 2 late rectal toxicity, as 

defined by Radiation Therapy Oncology Group (RTOG), is 5.4 ± 1.5 

Gy
[18]

.  Therefore, after SBRT treatment, though late toxicities are 

expected, the equivalent biological dose delivered to the prostate 

would be higher.  This fact, along with the small margins used in such 

highly precise treatments, keeps the late toxicities within their 

acceptable range.  The significant GU and GI toxicities in SBRT trials 

for prostate cancer were reported as infrequent, with comparable rates 

for grade ≤ 2 to other External Beam Radiation Therapy (EBRT) 

modalities with escalated dose.  There was no reported grade 4 

toxicity, and grade 3 toxicities were rare
[8–14]

. 

Unlike acute toxicity, late toxicity requires long-term follow-up to 

correctly confirm the safety of any treatment.  The clinical data 

available so far suggests that hypofractionated treatments with doses-

per-fraction in the range of 2.5–10.5 Gy are equivalent in toxicity; 

however, longer follow-up than currently available is needed to 

confirm this. 

The mechanism of radiation-induced erectile dysfunction is 

complicated and not well understood.  Several factors can contribute 

to this effect, such as age, hormonal treatment, comorbidities, and 
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psychological factors.  The frequency of ED after SBRT for prostate 

cancer was comparable with the upper end of published reports for 

other modalities of radiotherapy alone without androgen deprivation 

therapy (ADT)
[19]

.  Age appears to be a major factor for ED among 

treated patients. 

Efficacy of SBRT for Prostate Cancer 

Tumor control for prostate cancer is usually measured by 

observation of the level of Prostate Specific Antigen (PSA).  As most 

studies of SBRT for prostate cancer are recent, patient follow-up is 

relatively short to determine the PSA response
[8–14]

.  Nevertheless, the 

published early results are encouraging.  The mean PSA decreased 

progressively after treatment, and at 24-month follow-up, 88% and 

65% of the patients achieved < 1 ng/ml and < 0.5 ng/ml, 

respectively
[20]

.  In one study with long-term follow-up, the 4-year 

PSA relapse-free survival was 94%
[14]

. 

SBRT Boost to the Prostate 

Unlike other conformal radiotherapy techniques (e.g., 3D 

conformal (EBRT or IMRT), SBRT treatment can only be applied to 

small volumes.  In cases that need larger treatment volumes, such as 

pelvic irradiation in more advanced prostate cancer, or when it is 

difficult to deliver the entire treatment dose with SBRT techniques, 

SBRT can be employed as a boost to escalate the dose to the prostate 

after the standard EBRT or IMRT.  Only limited data is found in the 

literature about the use of SBRT as a boost.  As shown earlier, 

CyberKnife is capable of delivering radiotherapy plans similar to 

those of HDR brachytherapy
[17]

, which have been used as a boost 

after EBRT
[21,22]

.  Therefore, following this logic, SBRT could also be 

used as a boost to the prostate after standard EBRT, with the 

additional advantage of a non-invasive treatment. 

There are three feasibility studies evaluating the acute toxicity and 

early biological effects where SBRT was given as a boost after 

EBRT
[23–25]

.  Most of the cases reported were intermediate/high-risk 
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diseases.  External Beam Radiation Therapy (EBRT) techniques 

included 3D conformal radiotherapy and IMRT, the dose range was 

45-50.4 Gy, and whole pelvic radiotherapy (WPRT) was delivered for 

some high-risk patients.  Hormonal treatment was allowed.  After a 

relatively short follow-up (10-30 months), GU and GI toxicities were 

in an acceptable range, and early PSA response was encouraging. 

SBRT and Recurrence 

The standard treatment for a local failure after prostate irradiation 

is asalvage surgery or a hormonal treatment for lymph node 

recurrence. But if surgery is contraindicated, could SBRT be an 

alternative treatment?  There are limited published studies about 

SBRT in these cases, and several issues should be considered: delay 

of failure, previous prostate radiotherapy treatment, volume to be re-

irradiated, dose and fractionation that should be used.  All these 

concerns make the answer difficult with little and immature data 

available in the literature
[26,27]

. 

Conclusion 

Stereotactic Body Radiation Therapy for Prostate has been 

recently emerged in the treatment of prostate cancer. Several trials 

demonstrated its feasibility, with an acceptable range of toxicity, and 

encouraging biological control results.  It can be applied exclusively 

for early stage or in combination with other modalities of EBRT for 

more advanced disease.  More prospective trials with longer follow-

up are needed to confirm its efficacy and safety for considering SBRT 

among the treatment options for patients with localized prostate 

cancer. 
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