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  Abstract 
  Background.  To assess treatment tolerance by patients treated with a dose-adapted salvage radiotherapy (SRT) protocol 
based on an multiparametric endorectal magnetic resonance imaging (erMRI) failure defi nition model after radical pros-
tatectomy (RP).    Material and methods.  A total of 171 prostate cancer patients recurring after RP undergoing erMRI before 
SRT were analyzed. A median dose of 64 Gy was delivered to the prostatic bed (PB) with, in addition, a boost of 10 Gy 
to the suspected relapse as visualized on erMRI in 131 patients (76.6%). Genitourinary (GU) and gastrointestinal (GI) 
toxicities were scored using the RTOG scale.    Results.  Grade    �    3 GU and GI acute toxicity were observed in three and zero 
patients, respectively. The four-year grade    �    2 and    �    3 late GU and GI toxicity-free survival rates (109 patients with at 
least two years of follow-up) were 83.9    �    4.7% and 87.1    �    4.2%, and 92.1    �    3.6% and 97.5    �    1.7%, respectively. Boost 
(p    �    0.048) and grade    �    2 acute GU toxicity (p    �    0.008) were independently correlated with grade    �    2 late GU toxicity on 
multivariate analysis.    Conclusions.  A dose-adapted, erMRI-based SRT approach treating the PB with a boost to the suspected 
local recurrence may potentially improve the therapeutic ratio by selecting patients that are most likely expected to benefi t 
from SRT doses above 70 Gy as well as by reducing the size of the highest-dose target volume. Further prospective trials 
are needed to investigate the use of erMRI in SRT as well as the role of dose-adapted protocols and the best fractionation 
schedule.    

 Salvage radiotherapy (SRT) represents the mainstay 
curative treatment in patients with prostate cancer 
relapsing biochemically after radical prostatectomy 
(RP). In parallel to clinical prospective trials of rad-
ical radiotherapy (RT) for localized prostate cancer, 
biochemical control rates following SRT increase 
with dose as demonstrated by a recent systematic 
review of Ohri et   al. [1]. However, though higher 
SRT doses improve disease control, an increased risk 
of late genitourinary (GU) or gastrointestinal (GI) 
toxicity has to be expected with dose-escalated SRT 
regimens in a postoperative setting [1]. 

 A postoperative biochemical relapse is in more 
than 50% of the cases a surrogate of an underlying 
local relapse [2], as the majority of failures after RP 

are located in the peri-anastomotic area (29 – 100% 
of the local recurrences [2 – 4]) or around the bladder 
neck (16 – 40% [2,3]). The implementation of multi-
parametric endorectal-coil magnetic resonance imag-
ing (erMRI) for SRT planning purposes has the 
potential to identify the suspected residual disease or 
the loco-regional recurrence and help to select those 
patients with an exclusive local relapse that may most 
benefi t from SRT [5]. 

 In the present study, we have analyzed the acute 
and late toxicities in prostate cancer patients with 
biochemical relapse treated with a dose-adapted SRT 
protocol based on either the presence or the absence 
of local recurrent tumor after RP as defi ned by mul-
tiparametric erMRI studies.  
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 Material and methods 

 From March 2001 through February 2010, a total 
of 177 consecutive prostate cancer patients relapsing 
after RP were treated with the same RT salvage treat-
ment approach in two associated institutions. All 
patients underwent multiparametric erMRI studies 
[dynamic contrast-enhanced (DCE-MRI), spectro-
scopic imaging (MRSI) and diffusion-weighted MRI 
(DW-MRI) acquisitions with semiquantitative evalu-
ation methods for DCE curves], detecting in 137 
patients a local or loco-regional recurrence. Radio-
logical criteria to defi ne a suspicious local relapse 
were: masses with intermediate signal intensity on 
T2-weighted images enhancing after injection of 
contrast medium; region showing a fast enhance-
ment on DCE-MRI images in the early phase 
followed by a plateau or washout; regions with 
low diffusion coeffi cients on DW-MRI sequences; 
choline to citrate ratio    �    0.5 on MRSI images. 

 After exclusion of six patients with nodal relapse 
alone, a total of 171 patients, of which 131 with a 
suspected local relapse, were considered for this ret-
rospective analysis. All patients were free of distant 
metastases. Patient demographics, disease and erMRI 
work-up characteristics are summarized in Table I. 

 All patients were simulated with a full bladder 
using planning CT scans. From 2001 through 2004, 
the clinical target volume (CTV standard ) was defi ned 
by the anatomical limits of surgery from the seminal 
vesicles to the apex of the prostate, as proposed by 
the European Organization for Research and Treat-
ment of Cancer (EORTC) trial 22911 on adjuvant 
RT [6]. Later on, based on a study aiming to explore 
local patterns of failure after RP with erMRI, we 
shifted to a new CTV defi nition paradigm for adju-
vant postoperative RT assumed to be able to cover 
for 95% of local failure possibilities in the prostatic 
bed (PB) region (CTV new ). Indeed, the CTV new  was 
defi ned by an approximately cylindrical shape of 
about 4 cm in height including the bladder neck and 
the penile bulb, centered roughly 5 mm posterior and 
3 mm inferior the urethro-vesical anastomosis [7]. 
fi gure 3 of the paper of Miralbell et   al. illustrates the 
beam ’ s-eye view fi gures showing the two CTV defi ni-
tion paradigms used in this study [7]. 

 In the 131 patients with suspicion of local failure 
on erMRI, a gross tumor volume (GTV) was defi ned 
and reported on the planning CT with the help of 
two expert uro-radiologists. The margins added to 
the CTV to create the planning target volume (PTV) 
were 10 mm, except posteriorly, towards the rectum, 
where a 6 mm margin was used. Field margins of 
15 – 20 mm were used around the GTV to treat the 
boost volume with an additional dose of 10 Gy in 
5 fractions after irradiation of the PB to 64 Gy in 
1.8 to 2 Gy fractions. The dose was prescribed 

according to International Commission on Radiation 
Units  &  Measurements 50 guidelines, with the 95% 
isodose encompassing the PTV. Radiotherapy treat-
ment characteristics are summarized in Table II. 

 Elective whole-pelvic RT (WPRT) was delivered 
at the discretion of the treating physician to 34 
patients at high-risk of nodal disease based on the 
clinical (PSA) and histopathological (Gleason score, 
pT3b tumors) features. Patients receiving WPRT 
were more likely to present with a higher PSA value 
at salvage (mean 3.2    �    3.8 ng/ml), with a pathologic 
Gleason score of    �    8 (n    �    17, 50%), and/or with 
a seminal vesicles involvement (n    �    18, 53%). In 
addition, neoadjuvant and/or concomitant androgen 
deprivation therapy (ADT) using luteinizing hormone-
releasing hormone agonists was prescribed to 
38 (22%) patients presenting one or more of the fol-
lowing high-risk features: a PSA value before salvage 

  Table I. Patient demographics, disease and erMRI work-up 
characteristics ( n    =   171).  

 N  % 

Age at SRT (years)
Median (range) 66 (41-82)

RP to SRT interval (months)
Median (range) 32.1 (4 – 144)

pT-Stage status ( n    �     171)
T2a 8 4.7
T2b 14 8.2
T2c 48 28.1
T3a 59 34.5
T3b 37 21.6
T4 3 1.7
Unknown 2 1.2

PSA at RP (ng/mL) ( n    �     171)
Median (range) 8 (2.1 – 50)

Gleason Score ( n    �     171)
 �    3    �    4 114 66.7
 �    4    �    3 54 31.6
Unknown 3 1.7

Lymphadenectomy ( n    �     171)
Yes 109 63.8
No 62 36.2

Surgical Margins ( n    �     171)
Positive 103 60.3
Negative 56 32.7
Unknown 12 7.0

PSA at salvage (ng/mL)
Mean  �  SD all pts ( n    �     169) 1.89    �    2.8
Mean  �  SD erMRI  �  pts ( n    �     131) 2.08    �    3.0
Mean  �  SD erMRI  –  pts ( n    �     38) 1.26    �    1.8

Relapse erMRI location ( n    �     131)
Anastomosis 47 35.9
Penile bulb 25 19.0
Seminal vesicles 5 3.8
Prostatic bed/bladder neck 44 33.6
Anastomosis and prostatic bed 1 0.8
Unknown 9 6.9

    erMRI, endorectal magnetic resonance imaging; SRT, salvage 
radiotherapy; RP, radical prostatectomy; PSA, prostate-specifi c 
antigen.   



98 T. Zilli et al. 

   �    2 ng/ml, a pT3a or pT3b stage, and a Gleason 
score    �    8 in the pathologic specimen after RP. The 
median duration of ADT was 6.7 months (range, 
3 – 34 months). 

 All patients were seen once-a-week while on 
treatment, six weeks after treatment completion, 
every three months during the fi rst year of follow-up 
(FU), and every six months thereafter in the radia-
tion oncology and/or in the urologic clinic. Acute and 
late ( �    3 months after RT) GI and GU toxicity were 
graded on each visit according to the Radiation Ther-
apy Oncology Group (RTOG) scoring system. Erec-
tile dysfunction (ED) at baseline and at the last FU 
was assessed using the Common Terminology Crite-
ria for Adverse Events (CTCAE) v. 3.0 scale. For late 
toxicity evaluation purposes, only patients with a 
minimum FU of 24 months after the end of salvage 
treatment (n    �    109) were considered. The median 
FU of this cohort was 46.6 months (range, 24.6 – 96.3 
months). Seventy-fi ve percent of the 109 patients 
(n    �    82) were treated with a boost. A digital rectal 
exam and a PSA dosage were performed at each 
visit and reported by the attending physician. A 
separated analysis on treatment outcome for the 
patients reported in this study will be object of 
further publication. 

 Comparisons were assessed using the  χ  2  and two-
sample Student t-test for categorical and continuous 
variables, respectively. Actuarial late toxicity-free sur-
vival was estimated from the end of RT using the 
Kaplan-Meier method. Differences between groups 

were assessed with the log-rank test. Multivariate 
Cox proportional hazard regression analyses were 
implemented to evaluate the effect of different 
patient-, tumor- and treatment-factors infl uencing 
late GU and GI toxicity. Hazard ratios (HR), 95% 
confi dence intervals (95% CI), and p-values were 
calculated. All statistical tests were two-sided and a 
p-value    �    0.05 was considered statistically signifi -
cant. Statistical analyses were performed using the 
SPSS 17.0 statistic software package (SPSS Inc. 
Chicago, IL, USA).   

 Results  

 Acute toxicity 

 Among the 171 analyzed patients, the rate of acute 
grade 2 GU and GI toxicity at the end of salvage RT 
was 12.3% (n    �    21) and 19.3% (n    �    33), respectively. 
Three patients (1.8%) experienced an acute urinary 
obstruction (grade 4 GU toxicity) requiring tempo-
rary catheterization. No acute grade 3 or more GI 
toxicity was observed. Six weeks after treatment 
completion, 82.5% (n    �    141) and 76.6% (n    �    131) 
of patients were free of any GU and GI toxicity, 
respectively, while the corresponding rates were 
51.5% (n    �    88) and 30.4% (n    �    52) at the end of 
salvage RT. Grade 2 GU and GI toxicity rates 
decreased in the six weeks following the end of RT 
to 4.1% (n    �    7) and 2.9% (n    �    5), respectively.   

 Late toxicity 

 Late GU and GI toxicities for the 109 patients con-
sidered for the analysis are detailed in Table III. For 
both GU and GI symptoms, grade    �    1 late toxicities 
were observed in 34.9% of patients. 

 The four-year probability rate of grade    �    2 and 
   �    3 late GU toxicity-free survival was 83.9    �    4.7% 
and 92.1    �    3.6%, respectively (Figure 1). Overall, 

  Table III. Late genitourinary and gastrointestinal toxicities (RTOG 
scale): maximum score and toxicity at time of last follow-up 
(n    �    109).  

Grade

Late RTOG toxicity, n (% of patients)

GU GI

Worst 
score

At last 
follow-up

Worst 
score

At last 
follow-up

0 71 (65.1) 86 (78.9) 71 (65.1) 81 (74.3)
1 23 (21.1) 16 (14.7) 29 (26.6) 26 (23.9)
2 7 (6.4) 5 (4.6) 7 (6.4) 2 (1.8)
3 7 (6.4) 1 (0.9) 2 (1.8)  – 
4 1 (0.9) 1 (0.9)  –  – 

    GI, gastrointestinal; GU, genitourinary; RTOG, Radiation Therapy 
Oncology Group.   

  Table II. Radiotherapy treatment characteristics (n    �    171).  

n  % 

RT
Boost 131 76.6
No boost 40 23.4

Median RT dose (range, Gy)
Boost group 74 (72 – 78)
No boost group 64 (64 – 64.4)

WPRT
Yes 34 a 19.9
No 137 80.1
Median dose (range, Gy) 50.4 (48 – 50.4)

CTV defi nition
CTV standard 80 46.8
CTV new 91 53.2

RT technique for PB (n    �    171)
3D-CRT 152 b 89
IMRT 19 11

RT technique for boost (n    �    131)
3D-CRT 106 81
IMRT/Dynamic Arc RT 25 19

    CTV, clinical target volume; IMRT, intensity-modulated RT; PB, 
prostatic bed; RT, radiotherapy; WPRT, whole pelvic RT; 3D-
CRT, three-dimensional conformal RT.   
  a With a four-fi eld 3D-CRT technique;  b A four-, six- and three-
fi eld 3D-CRT beam arrangement was used in 106 (62%), 43 
(25%) and 3 (2%) patients, respectively   
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seven patients (6.4%) experienced a grade 3 late GU 
toxicity. All but one patient with grade 3 late GU 
toxicity received a boost to 74 Gy. There were four 
patients presenting gross macrohematuria reversed 
after cauterization, while among three patients devel-
oping urethral strictures, two required elective endo-
scopic urethrotomy and one a permanent suprapubic 
urinary catheter placement after previous hyperbaric 
oxygen therapy. One patient treated to 74 Gy pre-
sented with grade 4 late GU toxicity 42 months after 
irradiation (combined symptomatic urethral stricture 
and contracted bladder requiring a cystectomy with 
concomitant pelvic lymphadenectomy in the context 
of an isolated regional failure post-SRT). 

 On multivariate analysis, the use of a boost 
(p    �    0.048) and the presence of grade    �    2 acute GU 
toxicity (p    �    0.008) were independently correlated 
with grade    �    2 late GU toxicity (Table IV). Although 

patients treated with CTV new  were more likely to 
receive a boost as compared to patients treated with 
CTV standard  (88% vs. 64.4%, p    �    0.007), grade    �    3 
late GU toxicity free-survival was not related with the 
CTV concept. Overall, only eight patients treated with 
IMRT and with a FU    �    24 months were analyzed in 
this cohort. Of these patients, only one presented with 
grade 2 late GU toxicity. Actuarial rates for late GU 
toxicity were not different between patients treated 
with IMRT and 3D-CRT (p    �    0.894). No impact in 
the four-year grade    �    2 late GU toxicity-free survival 
was observed for the interval time between RP to SRT 
of more or less than one year (83.3    �    5.4% vs. 
85.9    �    9.3%, respectively, p    �    0.691). 

 The four-year probability rate of grade    �    2 and 
3 late GI toxicity-free survival was 87.1    �    4.2% and 
97.5    �    1.7%, respectively (Figure 2). Two patients 
treated to 74 Gy (one treated to CTV new  and the 

  Table IV. Univariate and multivariate analysis of clinical, pathologic and treatment factors predicting for 
grade    �    2 late GU toxicity after SRT (n    �    109).  

Variable

Univariate

p a 

Multivariate

p b 
4yr-grade    �    2 

toxicity-free survival HR (95% CI)

SRT group
Boost (n    �    82) 79.4    �    5.9 0.06 0.115 (0.13 – 0.980) 0.048
No boost (n    �    27) 100

WPRT
Yes (n    �    24) 100 0.077  – 0.097
No (n    �    85) 79.3    �    5.9

CTV defi nition
CTV standard  (n    �    59) 88.4    �    5.5 0.031  – 0.181
CTV new  (n    �    50) 80.8    �    6.6

ADT use
Yes (n    �    22) 88.7    �    7.6 0.585  – 0.524
No (n    �    87) 82.8    �    5.5

Acute GU toxicity grade    �    2
Yes (n    �    17) 67.1    �    13.5 0.023 0.215 (0.070 – 0.666) 0.008
No (n    �    92) 86.5    �    5.0

    ADT, androgen deprivation therapy; CI, confi dence interval; CTV, clinical target volume; GU, genitourinary; 
HR, hazards ratio; SRT, salvage radiotherapy; WPRT, whole pelvic radiotherapy.   
  a  Kaplan-Meier analysis log-rank p-value;  b  Cox proportional hazards model p-value.   

  Figure 1.     Overall grade    �    2 (1a) and    �    3 (1b) late genitourinary toxicity-free survival.  
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second one to CTV standard ) presented with grade 3 
late GI toxicity consisting of rectal bleeding reversed 
after cauterization. No patient experienced grade 4 
late GI toxicity. At last FU, only two patients (1.8%) 
continued with grade 2 GI toxicity. In the univariate 
analysis, patients treated to 74 Gy with a boost 
showed a statistical trend for a lower four-year 
probability of grade    �    2 late GI toxicity-free survival 
as compared to patients treated to 64 Gy to the 
PB only (83.4    �    5.3% vs .  100%, respectively, 
p    �    0.093). Similar fi ndings were observed in 
patients presenting with grade    �    2 acute GI toxicity 
at the end of SRT: a four-year probability of grade 
   �    2 late GI toxicity-free survival of 75.0    �    11.5% 
compared to 91.0    �    4.0% among patients with less 
than grade 2 acute GI toxicity (p    �    0.095). No dif-
ferences were observed for grade    �    2 late GI toxic-
ity rates among patients treated using either CTV new  
or CTV standard  (p    �    0.809). In the Cox regression 
model, none of the covariates analyzed in the uni-
variate analysis was signifi cantly predictive of late 
grade    �    2 late GI toxicity. 

 At baseline, 11.9%, 18.3% and 58.7% of the 109 
analyzed patients presented with grade 1, grade 2, 
and grade 3 ED, respectively. The rate of patients 
with grade 3 ED increased by roughly 11% after sal-
vage treatment. At last FU, Grades 1, 2 and 3 ED 
accounted for 7.5%, 11.5% and 69.8% of patients, 
respectively.    

 Discussion 

 A linear correlation between radiotherapy dose, dis-
ease control and toxicity rates has been demonstrated 
in the salvage setting following biochemical recur-
rence of prostate cancer after curative RP [1]. If every 
increment in PSA at salvage is associated to a lower 
probability of biochemical control after SRT [1,8], 
the delivery of higher SRT doses should be expected 
to improve disease control in these patients [9]. How-
ever, the downside of dose escalation remains an 
increased risk of late GU and GI toxicity, estimated 

to be on the model proposed by Ohri et   al .  
of 0.7% (95% CI 0.1 – 1.4%) and 1.2% (95% 
CI 0.3 – 2.1%) per Gy, respectively [1]. 

 If improvements in the therapeutic ratio of SRT 
may be obtained delivering the treatment at the low-
est PSA level possible [1], this study reported on the 
toxicity risk of an alternative treatment approach for 
patients relapsing after RP. Indeed, with the use of 
proper imaging able to detect the presence of local 
relapse in the tumor bed we wished to select a subset 
of patients harboring local disease only for which the 
use of dose escalation might help to improve disease 
control. Delivering 74 Gy to the suspected local 
recurrence in patients with positive erMRI, we esca-
lated the SRT dose to the suspected tumor burden 
region only, avoiding delivering a potentially unnec-
essary high dose to the whole PB. However, in 
patients with no detectable local disease on erMRI 
studies we limited the dose to 64 Gy. This dose is 
considered by the American Society for Therapeutic 
Radiology and Oncology consensus guidelines able 
to achieve a durable biochemical control in a salvage 
setting [10]. 

 Long-term toxicity rates of previous published 
studies are illustrated on Supplementary Table I 
(available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2013.837584) [11 – 19]. 
Interestingly, in our series the rates of grade    �    3 late 
GU and GI toxicity (8.5% and 2.4%, respectively) 
were lower than expected on the basis of the model 
proposed by Ohri et   al. for doses above 74 Gy using 
conventional radiotherapy techniques (i.e. 15% and 
20% for GU and GI toxicity, respectively) [1]. How-
ever, in analogy with other series delivering doses 
above 70 Gy [12,14,16,18], we observed that a rela-
tively high percentage of patients (about 21%) treated 
with a boost developed grade    �    2 late GU side effects. 
Even if our 8.5% rate of grade 3 late GU toxicity in 
our boosted patients was inferior to the 14% four-
year risk reported by Cozzarini et   al .  in patients 
treated to the whole PB to 72 Gy using 2D or 3D 
conformal techniques [12], our fi ndings suggest that 

  Figure 2.     Overall grade    �    2 (2a) and 3 (2b) late gastrointestinal toxicity-free survival.  
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approximately one fi fth of the patients. Second, we 
acknowledge that the use of the RTOG toxicity scor-
ing scale to assess acute and late toxicity may have 
underreported toxicity events such as rectal and/or 
urinary urgency or incontinence. Moreover, we 
acknowledge the inherent pitfalls related to the inac-
curacy in the defi nition of the GTV, as images of 
local failure were translated from MRI studies (with 
an endorectal coil) to planning CTs (without 
endorectal probe), as well as to the lack of histo-
pathological confi rmation of the suspected local 
relapse as detected by erMRI studies. However, the 
relatively high percentage of positive fi ndings on 
erMRI studies observed in this series may be 
explained by the use of multiparametric acquisitions 
with an endorectal coil, interpreted by a stable team 
of experienced uro-radiologists. Previous published 
works have demonstrated the high reliability of mul-
tiparametric erMRI, in detecting local recurrence 
after RP, even in patients with PSA levels of less than 
1.5 ng/ml [5]. This is particular true when the com-
bined modality of MRSI and DCE-MRI is used as 
in our series. For a PSA value at salvage similar to 
ours (1.26 and 1.9 ng/ml, respectively, vs. 1.89 ng/ml 
in our series), two recent studies showed for the com-
bination of MRSI and DCE-MRI a very high diagnos-
tic accuracy, with a sensitivity of 87% and 94% and a 
specifi city of 94% and 100%, respectively [23,24]. 

 In conclusion, the dose-escalated treatment 
approach investigated in this study may serve as an 
hypothesis generating basis for further prospective 
trials aiming to improve the therapeutic ratio in the 
salvage setting. The role of erMRI for selecting 
patients that are most likely expected to benefi t from 
SRT doses above 70 Gy as well as for limiting the 
potential side effects of dose-escalated SRT proto-
cols by reducing the size of the highest dose target 
volume needs to be prospectively evaluated.                     

   Declaration of interest :  The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper.   
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