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           12.1   Concept of Intensity 
Modulated Radiotherapy 
(IMRT) 

 IMRT is a highly    conformal radiotherapy tech-
nique able to optimize the shape of the dose distri-
bution and to  generate a concave isodose    profi le  
by intensity modulated beams, which can deliver 
more than two intensity levels for a single beam 
direction and a single source position in space. 
IMRT is designed using  inverse planning method  
(computer optimization) based on dose–volume 
criteria, in which above all the radiation oncologist 
prescribe the target volume dose coverage “objec-
tives” and normal tissue protection “objectives,” 
and then, the computer creates a custom intensity 
modulation plan to satisfy the prescribed objec-
tives (Intensity Modulated Radiation Therapy 
Collaborative Working Group   2001  ) . 

 The major IMRT advantage is the better spar-
ing of close-proximity organs at risk (OAR) for an 
identical tumor dose and consecutively the reduc-
tion of adverse event rates with no difference in 
disease-related outcomes. Moreover, IMRT can 
allow theoretically dose escalation to the primary 
tumor, keeping safe dose–volume constraints to 
organs at risk. Because of the close relation 
between the prostate and the rectum and the blad-
der, IMRT seems particularly adapted for prostate 
irradiation (Martin et al.  2010  )  (Fig.  12.1 ).  

 In a systematic review, Veldeman et al.  (  2008  )  
analyze the toxicity events reported in compara-
tive (IMRT against non-IMRT) studies on head 
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and neck, prostate, gynecological, CNS, breast, 
and lung cancer and in noncomparative studies 
on mesothelioma and gastrointestinal malignan-
cies. It demonstrated that compared with classi-
cal 3D irradiation, IMRT is not inferior in terms 
of local tumor control and survival and results in 
a decrease in toxic effects. Regarding the possi-
bility of safe total-dose or fractionated-dose esca-
lation to improve cancer control, future 
randomized clinical trials (RCT) to directly com-
pare standard dose with total or fraction-dose 
escalation should be performed. 

  To summarize , IMRT generates concave iso-
doses which can bypass some organs at risk of 
toxicities. Thus, the interest of IMRT in prostate 
cancer could be important by reducing the doses 
received by the rectum and the bladder. A reduc-
tion of toxicities could be expected, allowing new 
approaches of doses escalation.  

    12.2   3D Conformal Radiation 
Therapy (3DCRT) Versus IMRT 

    12.2.1   Irradiation of Prostate 
and Seminal Vesicles Only 

 To date, no randomized study has compared the 
3DCRT with IMRT. In several publications, the 

authors proposed to compare the two irradiation 
techniques. Thus, Kupelian has compared 
166 patients treated with IMRT with 116 patients 
treated with 3DCRT (Kupelian et al.  2002  ) . The 
results are in favor of a signifi cant reduction 
( p  = 0.002) of acute rectal toxicity and nonsignifi -
cant of late toxicities of grade  ³ 2 (5% vs. 12%, 
 p  = 0.24) with IMRT. However, a hypofraction-
ated schema was used for IMRT and normofrac-
tionated for 3DCRT, making it diffi cult to 
distinguish between fractionation and intensity 
modulated in the differences of the obtained 
results between the two groups. In the study of 
Vora et al., 145 patients were treated on prostate 
and seminal vesicles with IMRT at dose of 76.5 Gy 
and 271 patients with 3DCRT at dose of 68.4 Gy 
(Vora et al.  2007  ) . Despite a difference in total 
dose irradiation of 8 Gy, there was no signifi cant 
difference found between groups for acute and 
late urinary and rectal toxicities. A benefi t found 
in terms of biochemical-recurrence-free survival 
at 5 years (74.1% vs. 60.4%,  p  < 0.0001) sug-
gested that IMRT would increase the control rates 
of the disease by increasing the delivered dose 
without increasing the toxicities. In another publi-
cation, Lips et al. also concluded that IMRT allows 
an irradiation dose escalation without increasing 
the toxicities (Lips et al.  2007  ) . In this study, the 
78 patients treated with conformal radiotherapy 
had received a dose of 70 Gy, and 92 patients 
treated with IMRT had received a dose of 76 Gy. 
In a series of 1,571 patients treated for a T1–T3 
prostate cancer by radiotherapy alone Zelefsky 
et al   .  (  2008a,   b  ) , found a signifi cant reduction in 
gastrointestinal toxicities when IMRT is used 
(5% vs. 13%  p  < 0.001). Finally in 2011, Sharma 
et al. assessed the IMRT contribution when the 
irradiation is associated with hormone therapy 
(Sharma et al.  2011  ) . Data from two groups of 
123 patients treated with IMRT and 170 patients 
treated with IMRT were analyzed. Again, the ben-
efi t of the IMRT was found in terms of reduced 
acute and late gastrointestinal toxicities.  

    12.2.2   Prostate and Pelvic Irradiation 

 Ashman et al. compared 13 patients treated 
with IMRT at a dose of 81 Gy with 14 patients 
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  Fig. 12.1    Intensity modulated radiation therapy for pros-
tate cancer with 95% isodose avoiding the rectum wall       
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treated with 3DCRT at a dose of 75.6 Gy 
(Ashman et al.  2005  ) . The volumes of irradiation 
included initially the pelvis. Despite an escalated 
total dose irradiation, IMRT appeared to give less 
acute rectal toxicities (7% vs. 36%) and intestinal 
disorders (0% vs. 43%) of grade 2 than 3DCRT. In 
another study, Sanguineti et al.  (  2006  )  also evalu-
ated the IMRT contribution when a pelvic irradia-
tion (54 Gy) was associated with prostate irradiation 
(76 Gy). Using the RTOG criteria, the toxicities 
were evaluated in a group treated with IMRT (45 
patients) and a group treated with 3DCRT (68 
patients). At 2 years, the cumulative rates for grade 
2 rectal toxicities were 4% with IMRT and 21.2% 
without IMRT. No grade 3 toxicity was observed. 

  To summarize , compared to 3DCRT, IMRT 
reduces acute and late rectal and urinary grade  ³ 2 
toxicities. A dose escalation can be achieved 
without increasing toxicities. This could result in 
improved biochemical-relapse-free survival. This 
benefi t is found in case of localized prostate and 
seminal vesicles irradiation, but also when a pel-
vic irradiation and/or a hormone therapy are 
associated. However, mainly retrospective stud-
ies have been published, and no randomized trial 
is available.   

    12.3   Dose Escalation in Prostate 
Cancer 

    12.3.1   Interests of Dose Escalation 
in Prostate Cancer 

 Several randomized studies (Sathya et al.  2005 ; 
Peeters et al.  2006 ; Dearnaley et al.  2007 ; Kuban 
et al.  2008 ; Zerini et al.  2010 ; Zietman et al. 
 2005 ; Beckendorf et al.  2011  )  evaluated the 
impact of a dose escalation on disease control. 
Doses of 66–70 Gy were compared to doses of 
74–80 Gy. In none of these studies, a hormone 
therapy was associated with radiotherapy. The 
increase in total dose of about 10 Gy was associ-
ated with an improved rates of biochemical-
recurrence-free survival at 5 years from 50–60% 
to 70–85%, all stages of the disease combined. 
Of these studies, three proposed an irradiation 
dose of 78–80 Gy in the experimental arm. Thus, 
in the M.D. Anderson study, a dose of 78 Gy was 

compared to a dose of 70 Gy (Kuban et al.  2008  ) . 
In total, 301 patients were included, having an 
intermediate-to-high-risk cancer. The main objec-
tive was to assess the impact of this increase dose 
on the clinical and/or biological-disease-free sur-
vival using the Phoenix defi nition (nadir + 2 ng/
ml). At 5, 8, and 10 years, respectively, it 
increased from 78% to 85%, 59% to 78%, and 
50% to 73% in the 78 Gy arm compared to 70 Gy 
arm. The increase in irradiation dose was though 
associated with an increase of late grade  ³ 2 rectal 
toxicities (26% vs. 13%) and urinary toxicities 
(13% vs. 8%). In the Dutch study (Peeters et al. 
 2006  ) , 669 patients with intermediate-to-high-
risk cancers were randomized between two doses 
of irradiation: 68 and 78 Gy. At 7 years, the bio-
chemical-recurrence-free survival increased with 
the dose, from 45% to 56%. The cumulative inci-
dence of gastrointestinal toxicity was also 
increased by 25–35%. The subgroup analysis 
showed a greater benefi t for the intermediate-risk 
group. Finally, in the GETUG 06 (Beckendorf 
et al.  2011  ) , a dose of 80 Gy was compared to a 
dose of 70 Gy in patients having mainly interme-
diate-risk prostate cancer. At 5 years, the survival 
rates without biochemical recurrence were 
respectively 68% and 76.5% in the 70 and 80 Gy 
arms, using the Phoenix defi nition. The benefi t 
seemed greater when the PSA rate was higher 
than 15 ng/ml. In this study, the increase in radia-
tion dose was also associated with an increase of 
acute and late rectal and urinary toxicities. 

 All these data support the benefi t of an irradia-
tion dose escalation mainly for the intermediate-
risk cancer. However, the dose augmentation may 
also be a benefi t for the high-risk cancer patients. 
In fact, in the study of MD Anderson, if a major-
ity of patients have had low-to-intermediate-risk 
prostate cancers, 30% (70 Gy) to 35% (78 Gy) of 
patients had a high-risk prostate cancer. Specifi c 
analysis in this group of patients shows a benefi t 
at 5 years in biochemical-recurrence-free sur-
vival, local-progression-free, and without metas-
tasis, in favor of dose increasing. In the Dutch 
study, half of the patients had high-risk prostate 
cancers. This benefi t of increasing the radiation 
dose in high-risk patients had already been sus-
pected in most retrospective studies. Thus, in the 
study of Zelefsky et al., on 752 patients irradiated 
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for a high-risk cancer, increasing the radiation 
dose from 70.2 to 86.4 Gy improved the survival 
without metastatic evolution from 77% to 82% 
(Zelefsky et al.  2008a,   b  ) . The question remains 
whether this benefi t persists when a 3-year hor-
mone therapy is associated with radiotherapy. 
The GETUG 18 study aims to answer this ques-
tion by randomizing patients into two levels of 
dose (70 vs. 80 Gy) in combination with 3 years 
of hormone therapy in both arms.  

    12.3.2   IMRT in Dose Escalation 

 The fi rst IMRT experiences for prostate cancer 
treatment were described by Memorial Sloan-
Kettering Cancer Center (MSKCC). In the early 
2000s, Zelefsky et al. reported the results of a 
series of 171 patients treated at a dose of 81 Gy 
with IMRT, between 1992 and 1998 (Zelefsky 
et al.  2000  ) . A dosimetric study to compare, for 
the same patient, two treatment plans, with and 
without IMRT, was also performed on 20 patients. 
This study showed that the intensity modulation 
provides a benefi t in terms of target volume cov-
erage and rectum and bladder preservation. A 
comparison of clinical outcomes in the two 
groups of patients treated with and without IMRT 
confi rmed a reduced actuarial risk of late rectal 
toxicity of grade 2 at 2 years, from 10% to 2% 
when using IMRT. The toxicity grades were 
defi ned using the radiation therapy oncology 
group (RTOG) criteria. In 2002, the same author 
(Zelefsky et al.  2002  )  published the results of a 
series of 772 patients treated with IMRT for a 
prostate cancer at doses between 81 (90% of 
patients) and 86.4 Gy (10% of patients). The rates 
of rectal and urinary acute toxicities of grade 2 
were respectively 4.5% (0% of grade 3) and 28% 
(1 toxicity of grade 3). In total, 15% of patients 
developed a late rectal toxicity of grade 2 and 
0.1% a rectal toxicity of grade 3. The probability 
of developing a rectal toxicity of grade  ³ 2 was of 
4% at 3 years. In terms of urinary toxicity, 9% of 
patients presented a late toxicity of grade 2 and 
0.5% of grade 3. The probability of developing a 
late urinary toxicity of grade  ³ 2 was estimated at 
15% at 3 years. In 2011, data at 10 years were 
published for the 170 patients treated with IMRT, 

at doses of 81 Gy (Alicikus et al.  2011  ) . The actu-
arial biochemical-recurrence-free survival at 
10 years was of 81%, 78%, and 62% respectively 
for patients with low-, intermediate-, or high-risk 
prostate cancer. Using the CTC AE V3 criteria, 
the probabilities at 10 years of developing a rectal 
toxicity of grades 2 and 3 were respectively 2% 
and 1%. The 10-year probabilities of grades 2 
and 3 urinary toxicities were 11% and 5%. 
Finally, Cahlon et al. reported the results for 478 
patients treated at a dose of 86.4 Gy (Cahlon et al. 
 2008  ) . With a median follow-up of 53 months, 
the rates for rectal toxicities of grade 2 were 8%, 
and no higher grade toxicity was observed. Using 
the Phoenix defi nition of biochemical recurrences 
(nadir + 2 ng/ml), the actuarial rate of biochemi-
cal-recurrence-free survival at 5 years was respec-
tively 98%, 85%, and 70% for low, intermediate, 
and high risks. Other IMRT experiences were 
published for prostate irradiation with at least 
80 Gy. Thus, Ghadjar et al. analyzed the data 
from 102 patients treated with IMRT at 80 Gy 
and with IMRT and daily image-guided radio-
therapy (IGRT) of the prostate (Ghadjar et al. 
 2010  ) . A total of 5% late rectal toxicities of grade 
2 were observed, and no grade 3 toxicity. The 
rates of late urinary toxicities of grades 2 and 3 
were respectively 21% and 1%. Azria et al. 
reported a French series of 373 patients treated at 
a total dose of 80 Gy with IMRT (Azria et al. 
 2009  ) . The rates of late rectal and urinary toxici-
ties  ³ 2 are respectively 5.3% and 5.9%. 

  To summarize , several randomized trials 
demonstrated the benefi t of a dose escalation in 
prostate cancer with an increased rate of bio-
chemical relapse free survival. Using IMRT, a 
dose escalation above 80 Gy can be performed 
with a low rate of grade  ³ 2 late rectal toxicities 
(<10%). The impact of IMRT on the urinary tract 
seems smaller with rates of late grade  ³ 2 toxici-
ties, often above 10–20%.   

    12.4   Optimal IMRT Approach 
for Prostate Cancer 

 If currently, IMRT appears as the optimal tech-
nique of irradiation of prostate cancer, the preser-
vation of healthy tissues in IMRT could be 
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optimized by the contribution of imaging (fusion 
CT/MRI) and a systematic association with a 
daily repositioning using the image-guided radio-
therapy (IGRT). 

    12.4.1   CT/MRI Fusion (Fig.  12.2 ) 

    Prostate defi nition on the CT scan is associated 
with high interphysician and interscan variations 
(Mitchell et al.  2009 ; Valicenti et al.  1999 ; Gao 
et al.  2007  )  and an overestimation of the clinical 
target volume (CTV), with CT images was con-
fi rmed (Sannazzari et al.  2002  ) . However, these 
differences are signifi cantly reduced when an 
MRI is used (Smith et al.  2007 ; Rasch et al.  1999 ; 
Jackson et al.  2004 ; Freedman et al.  2001 ; Roach 
et al.  1996 ; Usmani et al.  2011  ) . MRI allows a 
better defi nition and delineation of the apex and 
base of the prostate (Milosevic et al.  1998 ; 
Jackson et al.  2004  ) . 

 Excepting the prostate contouring, the impor-
tance of using a CT/MRI fusion method or an 
MRI exam for prostate radiotherapy was also 
demonstrated for:

   Reducing the dose to the rectum, penile bulb, • 
and the erectile arteries in order to improve the 
patient’s posttherapy sexual functioning and 
quality of life (Perna et al.  2009 ; Steenbakkers 
et al.  2003 ; Meirovitz et al.  2003  )   
  A better visualization of the prostate for • 
patients with bilateral hip prostheses (Rosewall 
et al.  2009  )   
  For the tumor localization into the prostate • 
using different MRI sequences (Groenendaal 
et al.  2010a,   b ; Franiel et al.  2009 ; Kajihara 
et al.  2009  )     
 Most of the studies, that evaluated the interest 

of a CT/MRI combination, used registrations 
based on the bony landmarks (Milosevic et al. 
 1998 ; Roach et al.  1996 ; Acher et al.  2010 ; Chen 
et al.  2004 ; Petersch et al.  2004  ) . Intraprostatic 
gold markers are recommended to be implanted 
for a better daily repositioning before and/or dur-
ing the irradiation, improving the prostate local-
ization, but the interest in using intraprostatic 
markers, rather than bony structures for the CT/
MRI registration, was also presented (Parker 
et al.  2003  ) . 

 Contouring protocols were published in order 
to improve the radiation therapists’ technique 
(McLaughlin et al.  2010 ; Villeirs et al.  2005  ) , 
but still, it is important that the physician has a 
good experience in prostate MRI description 
when using a CT/MRI fusion (Tanaka et al. 
 2006  ) .  

    12.4.2   Image Guidance Radiation 
Therapy IGRT 

 IGRT means that imaging is used at each fraction 
of irradiation for high precision of repositioning 
of the target volume. In prostate cancers, the 
interfraction variation of the prostate position 
within the pelvis makes IGRT particularly inter-
esting. In fact, as there is a dose-effect relation on 
the local control, a precise prostate positioning at 
each session of irradiation might have an impor-
tant clinical impact by insuring that the dose of 
irradiation is well delivered into the prostate. 
Several studies demonstrated that the variation of 
prostate position according to the rectal volume 
and the rectal distension on the planning CT scan 
signifi cantly increases the risk of local recurrence 
in multivariate analysis (de Crevoisier et al.  2005 ; 
Heemsbergen et al.  2007 ; Pinkawa et al.  2006  ) . 
When daily IGRT is used for registration, the 
overall outcomes appear to be very favorable 

T2 MRI 

T2 MRI CT 

CT 

GOLD MARKER 

  Fig. 12.2    CT/MRI T2 fusion on gold markers       
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(Kupelian et al.  2008  ) . A recent study of Haverkort 
et al. evaluated, using electronic portal images 
(EPIs), the effect of gold markers-based position 
correction on the cumulative dose in the rectal 
wall, when changes in the rectum anatomy and 
position appear (Haverkort et al.  2011  ) . Compared 
to bony anatomy-based correction, the rectal wall 
D 

50%
  and D 

70%
  and the mean anal wall dose were 

signifi cantly lower when using gold markers. 
 In the last years, the literature demonstrates 

the effort in fi nding the easiest and best method 
of prostate tracking and repositioning: ultra-
sound-based (BAT) tracking (Boda-Heggemann 
et al.  2008 ; Scarbrough et al.  2006  ) , real-time 
tumor tracking (Kitamura et al.  2002 ; Langen 
et al.  2008 ; Kupelian et al.  2005  ) , portal images 
on implanted markers (Balter et al.  1995a,   b  ) , 
cone-beam CT (CBCT) (Pouliot et al.  2006 ; 
Sorcini and Tilikidis  2006  ) , etc. Several studies 
have attempted to compare the different tech-
niques together. Defi nitive conclusions are dif-
fi cult to make but however, it seems that a 
prostate repositioning, using a CBCT or the 
detection of intraprostatic gold markers (KV/
KV) offers the greatest precision (Barney et al. 
 2011 ; Clancy et al.  2009 ; Neicu et al.  2009 ; 
Owen et al.  2010  ) . 

  To summarize , CT/MRI fusion allows a 
higher precision in the prostate contours delinea-
tion especially when fi ducial markers are used. 
By correcting the interfraction motion of the 
prostate, IGRT should allow a reduction of the 
margin of the planning tumor volume. A combi-
nation of these two approaches with IMRT could 
improve the prostate coverage and reduce the 
volume of rectum and bladder irradiated.   

    12.5   Perspective of Evolution 
of Prostate Irradiation 

    12.5.1   Hypofractionated 
Radiotherapy (HR) 

 In radiotherapy, the daily dose of reference or 
standard fractionation (normofractionation) is of 
1.8–2 Gy per fraction. The HR is an increase of 
the radiation dose delivered per fraction and a 

decrease in total number of irradiation fraction 
compared to a conventional fractionation. 

 Three reasons justify the development of HR 
for prostate cancers:
    1.     Prostate cancer would have a particular sen-

sitivity to the dose delivered in each session . 
This sensitivity is defi ned in radiobiology by 
the   a  /  b   ratio. The closer this ratio is to 0, the 
cells are more susceptible to the dose per frac-
tion; the more this ratio is greater, the impact 
of fractionation is low. Many studies consis-
tently show that this ratio would be between 
1.5 and 3 Gy for prostate cancer (Leborgne 
et al.  2012 ; Miralbell    et al.  2012 ; Carlson et al. 
 2004 ; Wang et al.  2003 ; Brenner and Hall 
 1999 ; Brenner et al.  2002  ) .  

    2.     The treatment with external beam radiother-
apy of prostate cancer requires between 35 
and 40 fractions of irradiation or 8 weeks of 
treatment with a standard dose per fraction of 
1.8–2 Gy per fraction . A reduction of this irra-
diation time to 4–5 weeks or less would defi -
nitely represent an amelioration of the patients’ 
quality of life.  

    3.    A reduction of several weeks of the radiother-
apy treatment duration due to the development 
of HR would signifi cantly reduce the costs 
and improve the treatment processing of 
patients in radiotherapy.      

    12.5.2   Experiences of Hypofractionated 
Radiotherapy 

 Many studies have described the feasibility of the 
HR using different doses per fraction. Only recent 
studies using 3D conformal radiotherapy tech-
niques with or without intensity modulation are 
described below. 

    12.5.2.1   HR with a Dose per Fraction 
Inferior to 3 Gy 

 The study of Kupelian et al.  (  2007  )  is probably 
the reference in the development of HR. The dose 
per fraction was 2.5 Gy for a total dose of 70 Gy, 
or 28 fractions. A technique of irradiation with a 
daily repositioning of the prostate and intensity 
modulated radiotherapy has been used to treat a 
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total of 770 patients. The biological equivalent 
dose for a 2 Gy fractionation was estimated at 
80 Gy. According to the Phoenix defi nition 
(nadir + 2 ng/ml), the biochemical recurrence-free 
survival at 5 years was 94%, 83%, and 72%, 
respectively, for patients with low-, intermediate-, 
and high-risk cancers. These rates are particu-
larly high especially for intermediate-to-high-risk 
patients. A fractionation close to 72 Gy in 30 
 fractions of 2.4 Gy was used in an Italian study 
of 25 patients (Zerini et al.  2010  ) . A 3D confor-
mal radiotherapy with a daily ultrasound reposi-
tioning was performed. With a mean follow-up of 
45 months, only late rectal (16%) and urinary 
(32%) grade 1 toxicities were described. Only one 
biochemical recurrence was reported. 

 A dose per fraction of 2.64 Gy was evaluated 
in the study of Junius et al.  (  2007  ) . The delivered 
dose to the seminal vesicles was 50 Gy in 25 frac-
tions, while the delivered dose to the prostate 
during the 25 fractions was 66 Gy. With a median 
follow-up of 20 months, three biochemical recur-
rences are described in a population of 38 patients 
consisting primarily of intermediate stages to 
high according to D’Amico classifi cation. The 
limit of these two studies is the use of moderately 
increased doses per fraction that probably not 
allows an optimal hypofractionation effect on 
prostate cancers.  

    12.5.2.2   HR with a Dose per Fraction 
Superior or Equal to 3 Gy 

 Several studies have evaluated a dose per fraction 
of 3–3.15 Gy. In the study of Leborgne and 
Fowler  (  2009  ) , 89 patients with prostate cancer 
were treated with 20 fractions of 3 ( n  = 52) or 
3.15 Gy ( n  = 37). The biochemical recurrence-
free survival at 5 years was 96%, 84%, and 85% 
respectively for low-, intermediate-, and high-
risk stages. Thirty percent of patients had late 
rectal toxicity, with 6% of grades 2–3. In the 
study by Yassa et al.  (  2008  ) , 19 fractions of 3 Gy 
were delivered to 42 patients. With a mean fol-
low-up of 46 months, 79% of patients had no bio-
chemical recurrence. Acute rectal toxicity of 
grade  ³ 2 was observed in 36% of patients while 
12% of them had late rectal toxicity, bleeding 
symptoms of grades 1–2. In the Canadian study 

of Faria et al.  (  2008  ) , 72 patients were treated 
with a dose of 66 Gy in 22 fractions of 3 Gy. The 
technique of radiotherapy was 3D conformation 
without intensity modulation. The margins defi n-
ing the target volume were limited to 7 mm. In 
total, 39% of patients experienced late rectal tox-
icity. In 18% of patients, it was grades 2–3 toxic-
ity. In a more recent publication (Rene et al. 
 2010  )  of 129 patients, using the same technique 
of irradiation and the same fractionation, the rates 
of late urinary and rectal toxicities of grade  ³ 2 
are respectively 32% and 25% but do not persist 
in time (only 2% and 1.5%). Akimoto et al. 
 (  2004  )  reported the results of a phase II study in 
which 52 patients were treated with a hypofrac-
tionation schema of 69 Gy in 23 fractions of 
3 Gy. The rate of late rectal toxicity of grade  ³ 2 
was 25% and a late rectal toxicity of grade 3 was 
observed.   

    12.5.3   Experiences of HR with IMRT 

 In 2007, Martin et al.  (  2007  )  reported the results 
of radiotherapy of 60 Gy in 20 fractions of 3 Gy 
delivered with IMRT and daily repositioning of 
the prostate on gold markers. In total, 36% of 92 
enrolled patients showed a gastrointestinal acute 
toxicity of grades 2–3 in 12% of cases. The late 
rectal toxicities were less frequent with only 6% 
of grades 1–2. At 3 years, the rate of biochemical 
control was 76% as defi ned by ASTRO (3 succes-
sive of PSA increase). More recently, Coote el al. 
 (  2009  )  reported the results in terms of tolerance to 
an irradiation of 3 Gy per fraction for a total dose 
of 57–60 Gy. The irradiation technique was based 
on conformal radiotherapy with modulated inten-
sity. In total, 57% of patients treated with 57 Gy 
and 70% of patients treated with 60 Gy showed an 
acute rectal toxicity. This toxicity was grade 2 in 
20% and 10% of patients respectively treated with 
57 and 60 Gy. No acute rectal toxicity of grade 3 
was observed. In the group treated with 57 Gy, 
27% of patients  presented a late rectal toxicity of 
grade 1, whereas at 60 Gy, 19% of patients pre-
sented a late rectal toxicity of grades 1 or 2 (50% 
of grade 2). No grade 3 late toxicity was reported. 
Vesprini et al. reported a series of 121 patients 
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treated with IMRT to a dose of 60–66 Gy using 
the same fractionation of 3 Gy per fraction 
(Vesprini et al.  2011  ) . With a follow-up of 
47 months, the rates of urinary and rectal late tox-
icities of grade 2 and more were respectively of 
15% and 16%. Finally, the results of a phase II 
study (Lock et al.  2011  )  on 66 patients have been 
published in which the treatment associated an 
intensity modulated irradiation at a dose of 
63.2 Gy in 20 fractions with a daily repositioning 
on gold markers or using ultrasound. With a 
median follow-up of 30 months, the rates of late 
rectal toxicities of grades 2 and 3 were respec-
tively of 25% and 3%. The rates of late urinary 
toxicities of grades 2 and 3 were respectively 14% 
and 5%.  

    12.5.4   Comparison HR 
and Conventional 
Fractionation Radiotherapy 

 In a recent randomized study, Arcangeli et al. 
compared the effi cacy and tolerance of a normof-
ractionation radiotherapy (80 Gy in 40 fractions) 
and of a hypofractionated radiotherapy (62 Gy in 
20 fractions of 3.1 Gy) on 160 patients (Arcangeli 
et al.  2010  ) . The main quality of this study was to 
propose in both arms biological equivalent doses 
by taking an   a  /  b   = 1.5 Gy. The fi rst results, with a 
follow-up of 3 years, were in a favor of an increase 
in biochemical-recurrence-free survival in the 
hypofractionated arm (87% vs. 79%). This differ-
ence was observed even for the high-risk stages 
(88% vs. 76%). The rates of late rectal toxicities 
of grade 2 and more at 3 years were similar in 
both arms (17% and 16%). 

 Previously, an Australian randomized study 
(Yeoh et al.  2010  )  compared an irradiation of 
64 Gy in 32 fractions ( n  = 109) with and irradia-
tion of 55 Gy in 20 fractions ( n  = 108). The irra-
diation was in 2D for the majority of patients. At 
90 months, the HR gave a better biochemical-
recurrence-free survival (53% vs. 34%) without 
improvement of toxicity. The results of this study 
are diffi cult to interpret because of the low doses 
delivered in the normofractionated arm. Four 
randomized studies are underway to compare 

hypofractionated radiotherapy to conventional 
radiotherapy (RTOG 0415, MRC trial, NCIC 
trial, and Fox Chase trial). 

  To summarize , hypofractionated radiotherapy 
gives encouraging results in terms of biological 
control. When the dose per fraction is superior or 
equal to 3 Gy, the rate of late rectal toxicity grade 
 ³ 2 appears to be between 15% and 25%. When 
IMRT is used, this rate seems closer to 10–15%. 
Several randomized studies are underway to 
compare this radiation technique to conventional 
radiotherapy.  

    12.5.5   Stereotactic Body Radiotherapy 
(SBRT) 

    12.5.5.1   Concept of SBRT 
 The principle of stereotactic radiotherapy is to 
deliver a high-radiation dose highly conformed on 
a small tumor. The result is a “removal” of the 
tumor while ensuring the preservation of the sur-
rounding tissue. This technique requires great pre-
cision in the localization of the tumor and, 
therefore, was fi rst developed in the treatment of 
brain metastases. In fact, by immobilizing the skull 
(and thus the brain), it was possible to pinpoint an 
intracerebral lesion. More recently, the use of new 
technologies in the spatial location of tumors (inte-
grated scanner to an accelerator, detection of intra-
tumoral implants, etc.) permits the visualization 
with a high precision (order of mm), the tumor 
position, even in the soft tissues (lung, liver, etc.). 
Stereotactic radiotherapy has been thus developed 
in the irradiation of tumor sites outside the brain as 
some small-cell lung cancer (T1 and T2N0). For 
these tumors, although considered radioresistant, 
the local control rate passed from 30% to 40%, 
after conventional radiotherapy, to 80–90% after 
stereotactic radiotherapy. The prostate, due to its 
limited volume and easy location (intraprostatic 
implants), represents a well-suited organ for devel-
oping such technique.  

    12.5.5.2   Stereotactic Radiotherapy 
and Prostate Cancer 

 The experiences of various radiotherapy centers, 
having developed stereotactic radiotherapy in 
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prostate cancer, have been reported. The fi rst 
experience is the one of Seattle (Madsen et al. 
 2007  ) . Forty patients were enrolled in a phase I/II 
study and treated at a dose of 33.5 Gy in 5 frac-
tions of 6.7 Gy with an equivalent dose of 78 Gy 
using a conventional fractionation of 2 Gy per 
fraction. With a median follow-up of 41 months, 
one urinary toxicity of grade 3 was reported. The 
rate of actuarial survival without biochemical 
recurrence was 90% at 48 months using the 
Phoenix defi nition for local recurrences. A repo-
sitioning based on intraprostatic implants was 
used at each fraction. The irradiation dose was 
delivered with a linear accelerator. At Stanford 
University (King et al.  2009  ) , 41 patients were 
included in a phase I/II study and received a dose 
of 36.25 Gy in 5 fractions of 7.25 Gy. With a 
median follow-up of 33 months, no toxicity of 
grade 4 or more was observed. Two urinary tox-
icities of grade 3 were reported, but no grade 3 
rectal toxicity. At the time of publication, no 
patient had presented biochemical recurrence. In 
a more recent publication on 67 patients (King 
et al.  2012  ) , but with a median follow-up of 
27 months, rates of urinary toxicities of grades 1, 
2, and 3 were respectively 23%, 5%, and 3% and 
the rectal toxicities of grades 1, 2, and 3 respec-
tively of 12.5%, 2%, and 0%. Two recurrences 
proven by biopsy were reported. In Toronto (Tang 
et al.  2008  ) , 30 patients were treated at dose of 
35 Gy in 5 fractions of 7 Gy with IMRT and 
under a conventional accelerator. At 6 months 
for all patients, no toxicity superior to grade 2 
was observed. At Naples (Friedland et al.  2009  ) , 
112 patients with prostate cancer of favorable 
stage were treated at a dose of 35–36 Gy in 5 
fractions. With a median follow-up of 24 months, 
two patients experienced a local recurrence, his-
tologically proven. The average PSA value was 
0.78 ng/ml. Only one patient presented a rectal 
toxicity of grade 3. At Dallas, a phase I study of 
dose escalation per fraction in 3 levels of 45, 
47.5, and 50 Gy in 5 fractions was conducted 
(Boike et al.  2011  ) . The irradiation technique 
combined an image-guided radiotherapy, an 
IMRT technique, and an endorectal balloon. In 
total, 45 patients were included (15 to different 
dose levels) without reaching the limiting  toxicity 

dose. With a median follow-up of 30 months, 
only 18% of patients had a late rectal toxicity of 
grade  ³ 2 and 2% grade 3 toxicity. The rates of 
late urinary toxicities of grades  ³ 2 and  ³ 3 were 
respectively 31% and 4%. The PSA control was 
100%. A phase II study is currently undergoing at 
a dose of 50 Gy in 5 fractions of 10 Gy. Finally in 
2010, Katz et al. reported a series of 304 patients 
treated in 5 fractions of 7–7.25 Gy (Katz et al. 
 2010  ) . After 17 months, only one urinary toxicity 
of grade 3 was described, but four biochemical 
recurrences were reported. 

  To summarize , four important informations 
can be taken from these studies: (1) stereotactic 
radiotherapy is technically feasible in prostate 
cancer; (2) with an experience still low, the rec-
tal and urinary toxicities of grade 3 or greater 
are less frequent; (3) with the same experience, 
the local control is excellent (between 90% and 
100%); and (4) in many of these studies, con-
ventional accelerators were used, suggesting 
the possibility of development in a greater num-
ber of radiotherapy departments. However, to 
date, the literature data are not suffi cient to 
allow the development of stereotactic irradia-
tion outside studies. Phase III studies are needed 
to compare this new approach to conventional 
irradiation.        
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