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            11.1   Background and Rationale 

    11.1.1   Dose–Response Relationship 
for Prostate Cancer 

 Convincing    experimental and clinical data have 
been published in recent years, clearly demon-
strating that high doses are needed in order to 
optimize clinical and biochemical outcomes 
when irradiating men with localized prostate can-
cer (Cahlon et al.  2008 ; Dearnaley et al.  2007 ; 
Peeters et al.  2006  ) . It is widely accepted that a 
dose–response relationship exists for prostate 
cancer, and conformal and intensity-modulated 
external beam radiotherapy techniques have been 
developed to achieve dose escalation and to allow 
a better sparing of radiosensitive dose-limiting 
adjacent normal structures such as rectum and 
bladder. However, inter- and intrafractions organ 
motion together with variations in daily setup 
represent a serious challenge to external beam 
radiotherapy even when image-guided technol-
ogy is employed (De Crevoisier et al.  2005  ) . 
Brachytherapy on the contrary is not limited by 
positioning uncertainties as the target is immobi-
lized by the implanted needles (or catheters) and 
treated within very short treatment times; there-
fore there is no need for an extramargin expand-
ing the clinical target volume (CTV) to the 
planning target (PTV).  
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    11.1.2   Radiobiology 

 Extensive literature supports the concept of a low 
  a  /  b   ratio describing the radiobiological response 
of prostate cancer cells to irradiation. Although 
this value is still debated, a general consensus 
estimate it around 1.5–3, well below 5 (Brenner 
et al.  2002  ) . This implies that an enhanced cell 
kill is to be expected when larger than standard 
dose per fraction is used, and furthermore, assum-
ing that the   a  /  b   ratio for prostate cell is lower than 
the one for the rectal mucosa, an increase in the 
therapeutic ratio regarding rectal toxicity is also 
to be expected, and in this respect, HDR 
brachytherapy may be considered as an extreme 
form of hypofractionated irradiation. HDR 
brachytherapy thus combines the advantages of 
being one of the most effi cient methods to per-
form dose escalation by means of the most favor-
able fractionation schedule. In fact, when 
comparing HDR brachytherapy regimens to stan-
dard external beam radiotherapy regimens 
(2–3 Gy per fraction), equivalent dose in 2 Gy 
fractions (EQD2) or biologically equivalent dose 
(BED) formula is often used, indicating invari-
ably that HDR regimens deliver 25–50% higher 
doses in the prostate as compared to conventional 
fractionated EBRT (Joiner and Bentzen  2009 ; 
Hoskin  2008  ) . Interestingly, several authors have 
compared different radiotherapy techniques 
(HDR brachytherapy, IMRT, TomoTherapy, 
CyberKnife) in terms of their capabilities of 
obtaining the best dose distribution both for tar-
get coverage and of organs at risk sparing 
(Hermesse et al.  2009 ; Nickers et al.  2006  ) . 
Invariably, HDR has been associated to the high-
est dosimetric selectivity.  

    11.1.3   HDR Versus LDR Brachytherapy 

 Moreover, high dose rate presents several advan-
tages as compared to LDR brachytherapy (Kovacs 
et al.  2005 ; Martinez    et al.  2005a ; Hoskin  2008  ) . 
By implanting at fi rst nonactive afterloading 
guide needles or catheters, the spatial source 
position may be accurately modulated and the 
source dwell time effi ciently adapted according 

to a three-dimensional-imaging-based individual 
dose prescription, and only once the most suit-
able dose distribution is obtained the irradiation 
is started. This means that small inaccuracies in 
needles/catheters placement can be corrected by 
adjustments of treatment parameters before irra-
diation while accurate seeds implant within the 
gland is technically challenging with limited pos-
sibility for live adjustments. In addition, HDR 
needles/catheters may be placed not only inside 
the prostatic capsule but also in the extraprostatic 
tissue or even in the seminal vesicles, making it 
possible to treat more advanced cases as com-
pared to a strictly intraprostatic technique as LDR 
brachytherapy. No source preparation is neces-
sary before or during HDR treatment, and no free 
radioactive materials are used during the implant, 
thus minimizing the risk of source loss and the 
need for radioprotection procedures. Finally, 
costs of temporary HDR brachytherapy are lim-
ited as many radiotherapy centers are equipped 
with an afterloading unit for other brachytherapy 
treatments.   

    11.2   Indications and Patients 
Selection 

 Originally, HDR brachytherapy has been reserved 
for patients with locally advanced prostate can-
cers in the intermediate-to-high-risk groups 
(Gleason Score >6, PSA at diagnosis >10 ng/ml) 
as a boost to the prostatic volume combined with 
external beam RT. Recently, HDR monotherapy 
schedules have been proposed for patients having 
favorable risk cancers with HDR brachytherapy 
delivering the entire radiation treatment. The 
GEC/ESTRO-EAU group has published guide-
lines for patients selection for HDR brachyther-
apy (Kovacs et al.  2005  ) : classical exclusion 
criteria for any transrectal-ultrasound (TRUS)-
guided transperineal implant technique are sug-
gested also for HDR (Table  11.1 ), but it should be 
emphasized that large gland size (>60 cc) should 
not be regarded as an absolute contraindication 
when considering the potential for geometrical 
downsizing of 3–6 months of androgen depriva-
tion therapy (ADT). Probably, no absolute cutoff 
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volume exists since what really matters is the 
relationship between the gland volume and the 
pelvic anatomy of the patient with hip position-
ing and TRUS-probe angle adjustments, playing 
a major role in making the implant feasible even 
for large glands. When a pubic arch interference 
(PAI) is suspected on digital rectal examination 
or on imaging, it is preferable to check it with a 
TRUS with the patient in the implant position in 
order to decide on the need for hormonal cytore-
duction knowing that preimplantation ADT 
reduces prostate size by about 30% (Stone et al. 
 2010  )  to the price, at least for some authors, of a 
higher postimplant retention rate (Crook et al. 
 2002  ) . Likewise, a prior history of transurethral 
resection of the prostate (TURP) is clearly asso-
ciated with a somewhat higher risk of developing 
postimplant grades 2–3 late genitourinary toxic-
ity (mostly incontinence), but this probably holds 
true only when a large central defect is present in 
the gland, and in general, a lower dose to the ure-
thra may be administered without compromising 
the peripheral zone dose coverage. Again a pre-
implant TRUS may help in evaluating the TURP 
central defect. Low urinary tract obstructive 
symptoms (LUTS) should be carefully investi-
gated prior to the implant using a validated 
 scoring scale such as the International Prostate 
Symp tom Score  (  1991  )  or the American 
Urological Association (AUA) criteria (Barry 
et al.  1992  ) , and preferably, a voiding study by 
urofl owmetry should be carried on to evaluate the 
urinary fl ow rate and the postvoiding residual 
volume (Martens et al.  2006  )  knowing that a 

substantial urinary obstruction represents a pos-
sible exclusion criteria due to the accrued risk of 
developing postimplant bladder retention. The 
GEC/ESTRO-EAU recommendations also men-
tion tumor invasion of bladder neck and a rectum-
prostate distance at TRUS inferior to 5 mm as 
exclusion criteria. Finally, the role of imaging in 
the local staging of prostate cancer for patient’s 
selection for HDR brachytherapy should be 
emphasized. Magnetic resonance (MR) is the 
single most sensitive imaging investigation in 
assessing the local extent of prostatic adenocarci-
noma. The precise knowledge of the extent and 
the location of extracapsular disease and/or semi-
nal vesicles infi ltration may guide the brachyther-
apist for further treatment decision (Cornud et al. 
 2002  ) . Independently, of the technique adopted 
for needles/catheters placement and for treatment 
planning (TRUS, CT, or MR based), it is thus 
advisable to perform a staging MR before plan-
ning the implant (Fuchsjager et al.  2008 ; 
Heidenreich et al.  2011 ; Kovacs et al.  2005  ) .   

    11.3   Technique 

    11.3.1   Procedure    

  The technique  of HDR brachytherapy is similar 
to LDR one, and the equipment needed is not 
very different. Obviously, a treatment room with 
adequate shielding is necessary (where, if possi-
ble, also the needles implantation should take 
place in order to avoid additional patient trans-
portation and potential needles displacement) 
together with an afterloading HDR unit with a 
192Iridium stepping source and a camera system 
to monitor the patient during the irradiation 
(Kovacs et al.  2005  ) . Slightly different methods 
are proposed by the teams performing HDR 
brachytherapy, depending on the adoption of a 
two-step procedure (preplanning a few days 
before implantation) or an intraoperative online 
planning, on the imaging used for needles guid-
ance and for dose planning (TRUS, CT, or MR 
based), and on the clinical protocol adopted 
 (single fraction versus multifractionated HDR), 
but some general steps are common. (1) The 

   Table 11.1    Patient selection criteria for temporary 
 high-dose-rate (HDR) brachytherapy   

 Absolute 
contraindications 

 Pubic arc interference (even after 
ADT) 
 Signifi cant low urinary tract 
symptoms (LUTS) 
 Lithotomic position/anesthesia not 
possible 
 Tumor invasion of the bladder neck 

 Relative 
contraindications 

 Prostate volume >60 cc 
 Prior transurethral resection of the 
prostate (TURP) 
 Rectum-prostate distance at trans rectal 
ultra sound (TRUS) <5 mm 
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 procedure requires general or spinal anesthesia 
with the patient in the dorsal lithotomy position: 
particular care should be reserved to patient 
positioning especially when a PAI is suspected 
(= more acute spine-hip angle). (2) Modern 
brachytherapy implants are performed trans-
perineally, and needles placement is generally 
made under TRUS control. The TRUS device is 
secured to a stepper unit, and adequate fi xation 
(to the fl oor or to the patient table) is needed in 
order to avoid movements during the procedure. 
(3) A Foley catheter is placed in the bladder in 
order to better visualize the transprostatic urethra 
and the bladder neck during the entire procedure, 
and the gland is localized by TRUS on the axial, 
coronal, and sagittal planes and positioned as 
symmetrical as possible in relation to the urethra 
by adequate probe inclination. If the treatment 
planning is performed using three-dimensional 
TRUS reconstructed volumes, a set of images 
using the stepper unit is acquired in 3–5 mm steps 
from 1 cm above the base to 1 cm below the apex 
of the prostate and recorded in the treatment plan-
ning unit. (4) TRUS-based contouring of the 
prostate (CTV), rectum adjacent to the gland, 
urethra (following the Foley catheter images and 
eventually using aerated gel to better visualize it), 
and bladder neck is performed, and commercially 
available software will integrate ultrasound 
images to provide a three-dimensional recon-
struction of the CTV and organs at risk for intra-
operative online planning purposes (see Sect. 3.2). 
Alternatively, when CT and/or MR images are 
used for contouring and treatment planning, the 
patient should be transferred  after  the implant in 
the supine position with a Foley catheter in place 
to the CT-MR scan unit for the acquisition of the 
set of images needed for organ contouring. 
Generally, no margins are added to the CTV to 
obtain a PTV (= the CTV and the PTV are identi-
cal), but some authors advocate the need to con-
tour, beside a whole gland CTV (= CTV1), a 
CTV2 encompassing the peripheral posterior 
zone of the prostate (where a highest tumor load 
is presumed) and even a CTV3 if tumor infi ltra-
tion areas are detectable by classical imaging 
techniques or by functional ones (Kovacs et al. 
 2005  ) . (5) A template with a detachable perineal 
portion and holes with 0.5 cm spacing is used for 

needles guidance. It is fi xed to the stepper unit 
and positioned parallel and close to the perineal 
skin plane. Needles are implanted under direct 
TRUS control as parallel as possible to each other 
and to the probe with the largest prostate cross 
section seen on sonography used as reference 
view for needle distribution (Fig.  11.1 ). Different 
philosophies exist in the literature about the best 
needles implant distribution strategy. Some 
authors prefer a homogenous intraprostatic nee-
dle distribution with fi xed interneedle spacing, 
while others start by implanting peripheral nee-
dles at 8–10 mm spacing (Fig.  11.2 ): in this case, 
the central needles are implanted at a later stage 
according to the actualized dosimetry, and for 
eventual real time, better tuning of the fi nal dose 
distribution (Edmundson et al.  1995 ; Slessinger 
 2010  ) . The prostatic base-plane is regarded as the 
planned position of the needles tips which are all 
inserted at the same depth, but if needed and 
especially in the posterior aspect of the gland 
when seminal vesicles infi ltration is suspected, a 
few needles may be pushed at different depths to 
better adapt to the prostate shape. It is important 
to remember that the fi rst source position avail-
able for treatment is some millimeters backward 
from the tip of the needle/catheters: this implies 
that, using the sagittal TRUS view, all needles 
should be inserted deep enough in order to obtain 
an optimal dose coverage particularly at the level 
of the prostate base without piercing the bladder 
and/or the urethral wall. The tenting of the blad-
der mucosa by needles’ tips may be checked by a 

  Fig. 11.1    Needles implant using the high-dose-rate 
template       
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fl exible cystoscopy if available once the implant 
is completed. On average, 12–22 needles/cathe-
ters are needed for whole prostate coverage 
depending on the volume and shape of the pros-
tate. (6) Finally, when several fractions are 
planned and/or when CT-/MR-based treatment 
planning is performed, the detachable perineal 
part of the template is unscrewed and sutured to 
the skin, and the patient is transferred to the CT/
MR unit for treatment planning scan. Transferring 
the patient from the operating room table to the 
CT/MR table and then to the  treatment one, or 
when several fractions are planned, implies that a 
nonnegligible source of error is introduced in the 
procedure due to needle retraction in the cranio-
caudal direction associated with repositioning 
(Foster et al.  2011 ; Simnor et al.  2009  ) . The nee-
dles/catheters shift has been reported in the range 
of 5–7 mm and may translate into suboptimal 
dose coverage especially at the base of the pros-
tate but also into a higher than planned urethral 
dose. As a consequence, the regular control of 

needle geometry is strictly recommended (by 
visual inspection and catheters measurements, by 
fl uoroscopy, and by repeated scanning before 
each fraction), and any displacement of more 
than 3 mm should be corrected (Seppenwoolde 
et al.  2008 ; Tiong et al.  2010  ) .     

    11.3.2   Treatment Planning 
and Delivery 

 As already mentioned, treatment planning can 
be based on three-dimensional TRUS, CT, or 
MR imaging: in this latter case, fl exible plas-
tic catheters will have to replace metallic nee-
dles to allow for CT planning. Intraoperative, 
TRUS-based, real-time planning is time sparing 
and certainly advantageous for patient comfort 
while CT- and/or MR-based postimplant pro-
cedures will benefi t from a better visibility of 
prostate and catheters contours as compared to 
sonography. Once the contouring is completed, 

  Fig. 11.2    At fi rst, peripheral anterior needles are implanted ( top left ) followed by the central ones       
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planning of the treatment can start: intraoperative 
real-time treatment planning optimization soft-
ware’s are available to perform multiple itera-
tion of the 192Iridium source position (= dwell 
positions, every 2.5–5 mm) and the duration (= 
dwell time) that the source will remain in any 
particular position within each single needle/
catheter in order to provide the requested dose 
distribution to the target and organs at risk. 
Once the optimized treatment plan is approved 
by the brachytherapist, each catheter/needle 
is connected by means of transfer tubes to the 
HDR afterloading apparatus and dose delivery 
begins (Fig.  11.3 ). Large variations in terms 

of number of implants and/or fractions, plan-
ning parameters (= dose constraints for the 
target and the organs at risk), dose per frac-
tion, and timing of the implant, both for HDR 
as a boost combined to EBRT or as a mono-
therapy, are reported in the literature with pat-
terns of practice having undergone signifi cant 
evolution across institutions. Tables  11.2  and 
 11.3  report the HDR brachytherapy sched-
ules adopted in some of the series recently 
published for, respectively, combined HDR + 
EBRT treatment and HDR alone. For combined 
HDR-EBRT, the prescribed brachytherapy 
dose to the prostate varies from 5.5 to 15 Gy 
per fraction for a total dose of 15–21 Gy in 
1–4 fractions (1–3 implants), while the total 
EBRT dose is reported between 37.5 and 55 Gy 
in 1.8–2.75 Gy/fr. When HDR brachytherapy 
is employed alone, 3–6 fractions of 6–10.5 Gy 
each are used in 1–2 implants (total dose of 
31.5–54 Gy). Due to differences in protocols 
(HDR given before, after, or during EBRT) 
and techniques (a new implant for each frac-
tion or one implant with several loadings), the 
reported  interfraction times vary from a few 
hours to 21 days. The clinical relevance of these 
differences (timing of HDR, overall treatment 
time, interfraction gap) is not clearly under-
stood. For comparison with full EBRT course 
at standard fractionation, Tables  11.2  and  11.3  
also report the EQD at 2 Gy for   a  /  b   values of 
1.5 and 3 knowing the limits of applicability of 

   Table 11.2    High-dose-rate (HDR) brachytherapy combined with external beam radiotherapy (EBRT): treatment 
schedules and corresponding equivalent dose in 2 Gy fractions (EQD2) for different   a  /  b   values   

 Reference 
 No. of 
pts  ADT (%)  HDR Gy/fr 

 No. of 
implant 

 EBRT Gy 
tot/fr 

 EQD2, 
  a  /  b   = 1.5 

 EQD2, 
  a  /  b   = 3 

 Deutsch ( 2010 )  160  45  7/3  1  45–50.4/1.8  93–98.5  85–90 
 Hoskin et al.  (  2007  )   109  76  8.5/2  1  35.75/2.75  115  102 
 Martinez  (  2005a,   b  )   934  44  7.5/2  2–3  40/2  78.6–118  71.5–103 

 5.5/3  46/1.8–2 
 10.5/2  36/1.8 
 6/4 

 Hsu ( 2010 )  125  40  9.5/2  1  45/1.8  102  91 
 Morton ( 2010 )  125  0  15/1  1  37.5/2.5  114  95 
 Demanes et al.  (  2005  )   209  0  5.5–6/4  2  36/1.8  78–85  72–78 
 Galalae et al.  (  2006  )   324  0  5.5–11.5/2–3  2–3  45–50/1.8–2  75–128  71–110 

  Fig. 11.3    Needles/catheters are connected to the after-
loading 192Iridium source projector for treatment       
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the linear-quadratic model for dose per fraction 
beyond 5–6 Gy (Joiner and Bentzen  2009  ) .    

    11.3.3   Dose Constraints 

 The optimization process for treatment planning 
is based on dose prescription to the prostate vol-
ume and on dose constraints for organs at risk. It 
has correctly been pointed out that, in contrast to 
EBRT, the exclusive use of dose-volume histo-
grams (DVH) is of limited value in brachytherapy 
when evaluating a treatment plan due to the 
 nonhomogenous dose distribution obtained 
within the target by temporary (or permanent) 
implants (Kovacs et al.  2005  ) . Tables  11.4  and 
 11.5  report the dose constraints suggested in the 

literature for HDR brachytherapy combined with 
EBRT or when used alone. There is no general 
agreement on which parameters to use and which 
dose level to recommend: it is in general advis-
able to adopt maximum dose ( D  

max
 ), dose to fi xed 

volume levels (D2 cc, D0.1 cc,…), or volumes in 
cc receiving certain dose levels (V100, V125,…) 
since dose to percent of the organ (D10, D30,…) 
depends on contouring protocols (typically for 
rectum and bladder). Urethral  D  

max
  should not be 

higher than 120–125% of the prostate prescribed 
dose, while rectum (and bladder)  D  

max
  should be 

kept lower than 75–80%. The volume of the 
CTV-PTV receiving 100%, 125%, and/or 150% 
of the prescribed dose (V100, V125, V150) 
should be respectively >90–95%, <60%, and 
<35–40%. When using HDR combined to EBRT, 

   Table 11.3    High-dose-rate (HDR) brachytherapy alone: treatment schedules and corresponding equivalent dose in 
2 Gy fractions (EQD2) for different   a  /  b   values   

 Reference  No. of pts  Gy/fr  No. of fr  Gy tot  No. of implant  EQD2,   a  /  b   = 1.5  EQD2,   a  /  b   = 3 

 Corner et al.  (  2008  )   110  8.5  4  34  1  97  78 
 9  4  36  1  108  86 

 10.5  3  31.5  1  108  86 
 Ghadjar et al.  (  2009  )   36  9.5  4  38  1  119  95 
 Rogers   (  2012 )  284  6  6  36  1  77  65 
 Mark et al.  (  2010  )   301  7.5  6  45  1  116  94.5 
 Demanes et al.  (  2011  )   157  7  6  42  2  102  84 

 141  9.5  4  38  1  119  95 
 Yoshioka et al.  (  2011  )   112  6  8–9  48–54  1  116  97 

   Table 11.4    High-dose-rate (HDR) brachytherapy combined with external beam radiotherapy (EBRT): dose 
constraints   

 Reference 
 HDR 
Gy/fr 

 No. of 
implant 

 EBRT Gy 
tot/fr  Prostate  Urethra  Rectum  Bladder 

 Crook  2011   –  –  –  V100 > 95%   D  
max

  < 125%   D  
max

  < 75%  – 
 V150 < 35%  D10 < 120%  V80 < 0.75% 
 V125 < 60% 

 Hoskin et al.  (  2007  )   8.5/2  1  35.75/2.75  V100 = 100%  D10 < 10 Gy  D2 cc < 6.7 Gy  – 
 Martinez et al.  (  2011  )   7.5/2  2–3  46/2  V100 > 96%  V115 < 5%   D  

max
  < 75%  – 

 5.5/3  V125 < 60% 
 10.5/2  V150 < 30% 
 6/4 

 Hsu ( 2010 )  9.5/2  1  45/1.8  V100  ³ 90%  V125 < 1 cc  V75 < 1 cc  V75 < 1 cc 

 Morton ( 2010 )  15/1  1  37.5/2.5  V100 > 95%   D  
max

  < 118%   D  
max

  < 80%   D  
 max 

  < 80% 
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no predetermined dose constraints are suggested 
for the external irradiation part of the treatment. 
Finally, for reporting purposes, it is suitable to 
“translate” the dose limits adopted into  absolute  
dose levels in Gray in order to make the compari-
sons with other treatment schedules easier.     

    11.4   Clinical Results 

    11.4.1   Effi cacy 

 The greatest clinical experience with HDR for 
prostate cancer involves its  combination with 
EBRT . A recent systematic review of available 
literature has compared EBRT alone (at doses 
>75 Gy), EBRT combined with HDR brachyther-
apy boost, and EBRT combined with LDR per-
manent seeds boost in terms of effi cacy endpoints 
(Pieters et al.  2009  ) . More than 180 papers pub-
lished from 1980 to 2007 have been analyzed, and 
despite the fact that patients treated with EBRT 
+ HDR boost had more advanced disease, both 
biochemical-disease-free survival (biochemi-
cal Not Evidence of Disease, bNED) and over-
all survival rates were signifi cantly better with 
this combination. Moreover, Hoskin et al. have 
published the early results of the only phase III 
randomized trial available in this fi eld compar-
ing EBRT alone (55 Gy in 20 fractions) versus 
a combined EBRT (35.75 Gy in 13 fractions) + 
an HDR boost of 2 fractions of 8.5 Gy (Hoskin 
et al.  2007  ) . A signifi cant advantage in bNED is 
reported favoring the combined arm (mean bNED 
at a median follow-up of 30 months is 5.1 years 
in the HDR arm versus 4.3 years in the EBRT 

arm), but not in overall survival. The principal 
limitations of this study pertain to the control 
arm of EBRT alone: the hypofractionated regime 
chosen cannot be considered as standard practice 
today, and furthermore, the EQD2 of this regi-
men is clearly lower than the one of the EBRT + 
HDR boost arm (66.8 vs. 92 Gy for an   a  /  b   of 1.5): 
not surprisingly, the bNED results of the EBRT 
alone arm are suboptimal as compared to other 
series. Table  11.6  reports the effi cacy results of 
the most relevant published series of combined 
HDR brachytherapy and EBRT. Comparisons 
between series and with other therapeutic options 
for the same patients risk groups are complicated 
by inherent methodological diffi culties in terms 
of dissimilar HDR and EBRT schedules, vary-
ing risk categories treated, use of different irra-
diated volumes and dose, use of ADT, reported 
endpoints and biochemical-relapse-free survival 
defi nitions adopted, and length of follow-up. 
Since intermediate- to high-risk patients are often 
well represented in HDR + EBRT series, the use 
of ADT in association to irradiation is frequently 
considered. Interestingly, ADT has not always 
been shown to improve outcomes in this setting 
with some authors even reporting a detrimental 
effect of ADT on overall survival and metastatic 
failure rates (Krauss et al.  2011 ; Martinez et al. 
 2005a,   b  ) .  HDR as monotherapy  for patients 
diagnosed with low-to-intermediate prostate can-
cer is not yet widely established, and few series 
with mature survival data have been published 
so far (Table  11.7 ). It is worthwhile mentioning 
that the phenomena of  PSA bounce  after HDR 
monotherapy or combined HDR-brachytherapy-
EBRT has been described. In a comparative, 

   Table 11.5    High-dose-rate (HDR) brachytherapy alone: dose constraints   

 Reference  Gy/fr  No. of fr  Gy tot  Prostate  Urethra  Rectum  Bladder 

 Corner et al.  (  2008  )   8.5  4  34  –  D30 <125%  D2 ml <100%  – 
 9  4  36 
 10.5  3  31.5 

 Martinez et al.  (  2011  )   9.5  4  38  V100 > 90%   D  
max

  <120%   D  
max

  <75%   D  
max

  <80% 
 D90 > 100%  V120 <1 cc  V80 <1 cc  V80 <1 cc 

 Yoshioka et al.  (  2011  )   6  9  54  –   D  
max

  <150%   D  
max

  <100%  – 
 Demanes et al.  (  2011  )   7  6  42  V100 > 97%   D  

max
  <110%   D  

max
  <80%   D  

max
  <80% 

 D90 > 100% 
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 nonrandomized study, patients treated with HDR 
monotherapy showed higher rates of PSA bounce 
as compared to patients irradiated with EBRT 
alone or with combined protocols with signifi -
cant differences identifi ed for bounce defi nitions 
 ³ 0.3 and >0.5 ng/ml (McGrath et al.  2010  ) .    

    11.4.2   Toxicity and Quality of Life 

    11.4.2.1   Combined HDR-Brachytherapy-
EBRT 

 The only phase III randomized clinical trial 
 published so far and comparing EBRT to EBRT 
combined with a HDR boost has also reported 
treatment toxicities and quality of life data 

according to the FACT-P summary score, a vali-
dated patient-reported questionnaire (Hoskin 
et al.  2007  ) . The RTOG acute and grade 2 and 
greater late toxicity scores were similar in the 
two arms of the study while a signifi cant dif-
ference favoring the combined HDR-EBRT arm 
was present at 12 weeks after irradiation as far 
as quality of life was concerned. In all published 
series,  acute toxicity  primarily consists of mild 
LUTS (dysuria, urinary frequency, urgency) in 
40–60% of patients, but grade 3 genitourinary 
(GU) symptoms are only presents in 1–5%. 
Morton has prospectively measured in a cohort 
of 125 patients treated with EBRT (45 Gy in 25 
fractions) with an HDR brachytherapy boost 
of 15 Gy in a single fraction without ADT, the 

   Table 11.6    High-dose-rate (HDR) brachytherapy combined with external beam radiotherapy (EBRT): effi cacy 
results   

 Reference 
 No. 
of pts  Risk group  HDR Gy/fr 

 EBRT Gy 
tot/fr 

 ADT 
(%) 

 Median 
FU (year)  OS%  bNED% 

 Hoskin et al. 
 (  2007  )  

 110  Low: 2  8.5/2  35.75/2.75  77  7.1  88  66 P  Random 
 Int: 48 
 High: 60 

 Martinez 
et al.  (  2011  )  

 167  Int/high  5.5–9.5/2–3  46/2  –  8.2  –  57 P  Prospective 
 305  9.5–11.5/2  81 P 

 Arruda-Viani 
et al.  (  2009  )  

 131  Int: 65  20–24  45–50/2  55  5.2  91  81 P  Retrospective 
 High: 66 

 Astrom et al. 
 (  2005  )  

 214  Low: 80  10/2  50/2  70 neo  4  89  82 A  Retrospective 
 Int: 87 
 High: 47 

 Demanes 
et al.  (  2005  )  

 209  Low: 70  5.5–6/4  36/1.8  No  7.3  –  85 P  Consecutive 
 Int: 92 
 High: 47 

 Galalae et al. 
 (  2002  )  

 144  High  9/2  40/2  38  8.2  80  69 A  Consecutive 

 Neviani et al. 
 (  2011  )  

 403  Low: 179  5.5–7/3  45/1.8  64 neo  4  92  Retrospective 
 Int: 120  88 
 High: 104  85 

  Overall survival ( OS ) and biochemical not evidence of disease ( bNED ) according to the ASTRO defi nition, A, or the 
Phoenix defi nition, P  

   Table 11.7    High-dose-rate (HDR) brachytherapy alone: effi cacy results   

 Reference  No. of pts  Gy/fr  No. of fr  Gy tot  ADT (%)  Median F UP (year)  bNED (%)  OS (%) 

 Demanes et al.  (  2011  )   298  7  6  42  24  5.2  97  95 
 9.5  4  38 

 Yoshioka et al.  (  2011  )   112  9  6  54  89  5.4  83  96 
 Martinez et al.  (  2010  )   221  9.5  4  38  30  4.8  91  – 

  Overall survival ( OS ) and biochemical not evidence of disease ( bNED ) according to the Phoenix defi nition  
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evolution of acute GU toxicity by means of the 
IPS-Score: the return to baseline values was 
obtained at the third month postimplant, much 
earlier than after LDR brachytherapy (Morton  
et al.  2010 ). In the immediate postimplant 
hours, hematuria is also relatively common but 
resolves rapidly without special intervention. 
Urethral stricture is the most frequent nontrivial 
 late toxicity  reported after combined HDR and 
EBRT (Table  11.8 ) occurring in the bulbomem-
branous urethra in more than 90% of the cases 
(Sullivan et al.  2009  ) . Overall, urethral stric-
tures develop in 5–15% of patients with several 
patient-related predictors being identifi ed such 
as a prior history of TURP, an elevated preim-
plant IPS-Score, older age, prostate volume (and 
use of neoadjuvant ADT for preimplant down-
sizing), and hypertension but also with a num-
ber of treatment-related ones (HDR dose per 
fraction, number of midline needles implanted, 
a long Z-axis of the CTV). Incontinence is less 
common and typically related to postimplant 
need of a TURP.  Gastrointestinal  (GI) toxic-
ity is frequently dependent on EBRT protocol 

adopted (irradiated volumes, prostate alone ver-
sus pelvis +/− prostate CTV, dose/fraction to the 
pelvis) with grade 3 toxicity reported occasion-
ally and proctitis, anal pain, and rectal bleed-
ing occurring in less than 5% of patients in all 
published papers. Data on  erectile dysfunction  
after combined HDR-brachytherapy-EBRT irra-
diation have been rarely reported with a variety 
of scales at different time frame from implant 
which makes it extremely diffi cult to derive a 
meaningful global picture. Duchesne et al. have 
prospectively evaluated the erectile function in 55 
patients irradiated with combined EBRT (46 Gy 
in 23 fractions) and HDR boost (16–20 Gy in 4 
fractions) without ADT and potent before treat-
ment with an “in-house” scale (Duchesne et al. 
 2007  ) . The 5-year actual incidence of  insuffi cient 
erection for intercourse (grade 2) or no erec-
tion at all (grade 3) was 77%. The International 
Index of Erectile Function (IIEF) (Rosen et al. 
 1997  )  has been prospectively used by Morton: 
the median baseline IIEF Score (=19) decreased 
to 6 one-year posttreatment and among patients 
reporting good baseline erectile function 

   Table 11.8    High-dose-rate (HDR) brachytherapy combined with external beam radiotherapy (EBRT): late genitouri-
nary ( GU ), gastrointestinal ( GI ) toxicity, and erectile dysfunction ( ED ) rates   

 Reference 
 No. of 
pts  HDR Gy/fr 

 EBRT Gy 
tot/fr 

 Median 
FU (year)  Scales  Grade  GU%  GI%  ED% 

 Galalae et al.  (  2002  )   144  9/2  40/2  8.2  RTOG/EORTC  3  2  4  – 
 >3  0  0 

 Demanes et al.  (  2005  )   209  5.5–6/4  36/2  7.3  RTOG  2  8  2 
 3  7  0  61 
 4  1  0 

 Astrom et al.  (  2005  )   214  10/2  50/2  4  ns  Mild  45  24  55 
 Mod  26  17  41 
 Sev  10  0  14 

 Hoskin et al.  (  2007  )   110  8.5/2  35.75/2.75  7.1  Dische  Sev  26  7  – 
 Kalkner et al.  (  2007  )   154  10/2  50/2  6  RTOG  2  13  8 

 3  4  1  – 
 4  1  0 

 Martinez et al.  (  2011  )   472  5.5–9.5/2–3  46/2  8.2  RTOG  3  2.5  0.5 
 9.5–11.5/2 

 Mohammed et al. 
 (  2011  )  

 447  9.5/2  46/2  5.2  CTC v3   ³ 2  28  9 

  ³ 3  12  1  – 

 Strict  10  0 
 Neviani et al.  (  2011  )   403  5.5–7/3  45/1.8  4  RTOG  3  8  0.6  – 

 4  0.3  0.3 
 Strict  9 
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(IIEF >21), 35% developed moderate-to-severe 
erectile dysfunction (Morton et al.  2010 ).   

    11.4.2.2   HDR Monotherapy (Table  11.9 ) 
    It has been correctly observed that the pattern of 
toxicity after HDR monotherapy is different from 
that after LDR brachytherapy (Hoskin  2008 ; 
Crook  2011  ) .  GU symptoms  after HDR alone 
peak in the fi rst 2 weeks after the implant with 
IPS-Score increasing at that time but rapidly fall-
ing to baseline in 2–3 months. As already men-
tioned, hematuria may be present in the immediate 
postimplant hours due to bruising of the bladder 
wall during the procedure but generally resolves 
spontaneously within 2 days. So far, no random-
ized trial has ever compared the two techniques, 
but nonrandom evaluations have confi rmed that 
both acute (dysuria, urinary frequency, and 
urgency) and late toxicity are signifi cantly less 
frequent after HDR than LDR monotherapy 
(Martinez et al.  2010  ) . In contrast, the rates of 
urinary retention or incontinence and of erectile 
dysfunction do not seem to be different between 
HDR and LDR monotherapies.    

    11.5   Future Directions 

 Current data have established HDR brachyther-
apy, both as a boost combined with EBRT or alone 
for patients with low-to-intermediate-risk disease, 
as an effective form of local treatment for prostate 
cancer. However, several areas remain for further 
investigations and should be explored in future 
trials. (1)The optimal dosing regimens is still 

unclear: the fi rst published series (both for HDR 
as a boost and as monotherapy) adopted HDR 
schedules of two or more fractions, while recently, 
protocols proposing a single fraction/implant have 
been developed with encouraging early results, 
thus minimizing the risk of potential needles/
catheters displacement between fractions. (2)
Therapeutic options for local salvage (re)treat-
ment after biopsy-proven intraprostatic relapse of 
irradiated prostate cancers are currently limited to 
ADT (continuous or intermittent), salvage pros-
tatectomy, cryotherapy, or high-intensity-focused 
ultrasound. HDR (together with LDR) brachyther-
apy has also been proposed in this setting with 
encouraging results both in terms of effi cacy and 
of toxicity, but larger series with longer follow-up 
are needed to fully validate this strategy (Lee et al. 
 2007 ; Tharp et al.  2008  ) . (3) The typical inhomo-
geneous dose distribution obtained with 
brachytherapy techniques can be exploited in 
view of a “focal irradiation” of the prostate for 
carefully selected patients harboring limited uni-
lateral cancers at the diagnostic biopsy confi rmed 
by imaging techniques such as functional MRI. 
HDR is probably the best technique to create 
intraprostatic dose gradients that will give the 
opportunity to target limited regions of the gland 
to very high doses, while treating to more conven-
tional doses the biopsy-negative subvolumes of 
the CTV (Ares et al.  2009 ; Zaider et al.  2000  ) . (4) 
We have already mentioned that costs of tempo-
rary HDR brachytherapy are limited. Rigorous 
cost analysis and comparisons between therapeu-
tic alternatives have so far never been attempted, 
but if HDR brachytherapy  techniques are able to 

   Table 11.9    High-dose-rate (HDR) brachytherapy alone: late genitourinary ( GU ), gastrointestinal ( GI ) toxicity, and 
erectile dysfunction ( ED ) rates   

 Reference 
 No. of 
pts  HDR Gy/fr  Gy tot 

 Median FU 
(year)  Scales  Grade  GU%  GI%  ED% 

 Corner et al.  (  2008  )   110  8.5–10.5/3–4  31.5/36  1–1.5  RTOG CTC v3   ³ 1  28  15  – 

 3  2  1 
 Martinez et al.  (  2010  )   221  9.5/4  38  4.8  CTC v2  2  13  1.5  20 

 3  6  0.5 
 Yoshioka et al.  (  2011  )   112  9/6  54  5.4  CTC v3  2  5  7  – 

 3  2  1 
 Demanes et al.  (  2011  )   156  7/6  42  5.2  CTC v3  2  20  <1  – 

 3  3 
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convincingly demonstrate a cost-effective advan-
tage as compared to other therapeutic options for 
localized prostate cancer, the procedure is likely 
to be offered in the near future to increasing num-
bers of patients and to gain popularity even in 
developing countries.      
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