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Introducion

Prostate cancer is currently the most frequent neoplasm in male populaion and represents 
approximately 21% of all tumors in men. 
Radiotherapy (RT) represents an important treatment opion for prostate cancer in diferent 
seings: exclusive RT (with radical intent), adjuvant RT ater surgery, salvage RT in case of 
biochemical disease recurrence and palliaive RT.
There are sill a series of unclear aspects about RT: the current scieniic literature presents a 
lack of randomized studies with large series comparing diferent radiaion treatment 
techniques, such as 3D radiotherapy, IMRT (Intensity Modulated Radiotherapy), VMAT 
(Volumetric Modulated Arc Therapy) and stereotaxis. Furthermore, there are few studies 
analyzing the diferent available therapeuic opions, such as surgery, radiotherapy and 
combinaion of radiotherapy and hormone therapy. The lack of speciic data makes it diicult 
to establish which treatment is most efecive and appropriate for individual paients. Even the 
assessments necessary for the indicaion of personalized radiaion treatment, such as margins, 
lymph node irradiaion and fracionaion, are also unclear and there are doubts about which is 
the opimal approach to adopt in diferent clinical contexts. 

The aim of the doctoral project was to analyze the impact of diferent parameters relaing to 
the treatment methods on outcome and toxicity in diferent seings, thanks to the creaion of 
a large mulicenter database, which takes into consideraion geneic, clinical and radiological 
aspects. 

The irst analysis performed was about paients who underwent postoperaive adjuvant RT, to 

assess the impact of age and other paient and treatment characterisics on both acute and 

late gastrointesinal (GI) and genitourinary (GU) toxicity.  The recorded and evaluated paients-

related characterisics were age and Charlson’s comorbidity index. Analyzed treatment 

characterisics were: delivery of prophylacic lymph nodes irradiaion, previous TURP, use of 

adjuvant ADT and its type (LH-RH analogues or high-dose Bicalutamide) and duraion, RT 

fracionaion and technique (including type of image-guidance systems), and Equivalent Dose 

in 2 Gy/fracion (EQD2) to the prostate bed and pelvic lymph nodes. Late toxicity-free survival 

curves were calculated by the Kaplan-Meier product-limit method and compared with the log-

rank test. Variables with p value less than 0.05 or with a trend (p < 0.1) at univariate analysis 

were entered into a mulivariate Cox’s regression model. Acute toxicity was assessed by RTOG 

scale while late toxicity was evaluated    with the RTOG/EORTC scale. Three-hundred-eighty-

one paients were enrolled in this analysis, with a media age of 65 years. Acute GI and GU G3 

toxicity rates were 0.5% and 1.3%, respecively. Median EQD2 to the prostate bed (α/β=1.5) 

was 71.4 Gy. Most paients (75.4%) were treated with IMRT/VMAT techniques. No paient 



showed G>3 acute toxicity. At mulivariable logisic regression only younger age (< 65 years) 

was signiicantly correlated with increased acute toxicity (both GI and GU). Five-year GI and 

GU grade ≥ 3 late toxicity-free survival was 98.1% and 94.5%, respecively. The only signiicant 

correlaion at Cox’s regression model was in terms of reduced risk of GI toxicity in paients 

undergoing hypofracionaion (HR: 0.38; 95%CI: 0.18- 0.78; p: 0.008). In conclusion, "modern" 

postoperaive radiotherapy is safe, both in terms of acute and late efects, also in subjects 

undergoing hypofracionated regimens and especially in elderly paients.

Subsequently a second analysis was carried out, concerning efeciveness and outcomes of 

salvage radiaion treatment in paients who have shown biochemical evidence of recurrent 

disease ater radical prostatectomy. Several factors need to be considered when determining 

the appropriateness of salvage radiaion treatment, including the PSA level at recurrence, the 

ime to recurrence, the presence of local or distant metastases, and the paient's overall 

health status. It is crucial to evaluate these factors to determine the potenial beneits and 

risks associated with salvage radiaion treatment. The aim of this study was to analyze the 

prognosic impact on outcome and toxicity of paients with prostate cancer (PCa) treated with 

salvage radiotherapy (RT) based on a comprehensive analysis of parameters related to tumor, 

paients, and treatment characterisics. Another objecive of the study was to evaluate the 

impact of prophylacic pelvic lymph node irradiaion on outcomes and toxicity. A total of 454 

paients were included in this analysis. The mulivariate analysis found several factors that 

inluenced the outcomes of paient. These factors included the nodal stage, Gleason score, 

prophylacic nodal irradiaion, hypofracionated regimens, use of IMRT/VMAT techniques, 

receipt of adjuvant ADT and use of cone-beam CT. Diferent factors were associated with 

diferent outcomes, such as beter biochemical recurrence-free survival (bRFS), local control 

(LC), distant metastasis-free survival (MFS), disease-free survival (DFS), and overall survival 

(OS). Based on these indings, a prognosic model was developed that categorized paients 

into four risk groups based on their Gleason score, nodal stage, and nodal irradiaion status. 

This model can help predict the 5-year bRFS for paients in each risk group. The risk categories 

were deined as low-risk, intermediate risk, high risk, and very high risk.



Adjuvant radiotherapy in prostate cancer: impact of older age 

and hypofracionated regimens on acute and late toxicity.

A mulicenter comprehensive analysis

Abstract

Background: The objecive of this study was to assess the impact of age and other paient and treatment 
characterisics on toxicity in prostate cancer paients receiving adjuvant radiotherapy (RT). 

Materials and methods: This observaional study (ICAROS-1) evaluated both acute (RTOG) and late 
(RTOG/EORTC) toxicity. Paient- (age; Charlson’s comorbidity index) and treatment-related characterisics 

(nodal irradiaion; previous TURP; use, type, and duraion of ADT, RT fracionaion and technique, image-

guidance systems, EQD2 delivered to the prostate bed and pelvic nodes) were recorded and analyzed. 

Results: A total of 381 paients were enrolled. The median EQD2 to the prostate bed (a/b=1.5) was 71.4 Gy. 
The majority of paients (75.4%) were treated with intensity-modulated radiaion therapy (IMRT) or 

volumetric-modulated arc therapy (VMAT). Acute G3 gastrointesinal (GI) and genitourinary (GU) toxicity rates 

were 0.5% and 1.3%, respecively. No paients experienced >G3 acute toxicity. The mulivariable analysis of 

acute toxicity (binomial logisic regression) showed a staisically signiicant associaion between older age (> 

65) and decreased odds of G≥2 GI acute toxicity (OR: 0.569; 95%CI: 0.329-0.973; p: 0.040) and decreased odds 

of G≥2 GU acute toxicity (OR: 0.956; 95%CI: 0.918- 0.996; p: 0.031). The 5-year late toxicity-free survival rates 

for G≥3 GI and GU toxicity were 98.1% and 94.5%, respecively. The only signiicant correlaion found (Cox’s 

regression model) was a reduced risk of late GI toxicity in paients undergoing hypofracionaion (HR: 0.38; 

95% CI: 0.18-0.78; p: 0.008). 

Conclusions: The unexpected results of this analysis could be explained by a “response shit bias” 
concerning the protecive efect of older age and by treatment in later periods (using IMRT/VMAT) concerning 

the favorable efect of hypofracionaion. However, overall, the study suggests that age should not be a 

reason to avoid adjuvant RT and that the later is well-tolerated even with moderately hypofracionated 

regimens.



Introducion 

Prostate cancer (PCa) is a signiicant health concern, ranking second in terms of incidence and ith in terms of 

mortality among male populaions (1). Radical prostatectomy (RP) is a commonly employed treatment opion 

for PCa. However, the ive-year biochemical relapse-free survival (bRFS) rate ater RP is approximately 50% of 

paients with high-risk features at pathological evaluaion (2–4). Postoperaive radiotherapy (RT) has been 

invesigated as an adjuncive treatment following RP, and the results of four randomized studies (2–5) have 

demonstrated improved bRFS rates (around 25% at ive years) compared to RP alone. Moreover, one of these 

studies has shown a signiicantly reduced risk of metastasis and improved overall survival (OS) with 

postoperaive RT (6). Consequently, internaional guidelines, such as those from the European Associaion of 

Urology1 (EAU 2022) and the Naional Comprehensive Cancer Network2 (NCCN 2022), recommend 

postoperaive RT as an adjuvant therapy for selected PCa paients. Speciically, EAU guidelines recommend 

adjuvant RT for high-risk paients (pN0) with at least two of the following high-risk features: Internaional 

Society of Urological Pathology (ISUP) grade group 4–5, pT3 stage, and posiive surgical margins. Nevertheless, 

recent randomized trials (7–9) and a meta analysis (10) have demonstrated that early salvage RT can achieve 

biochemical and clinical outcomes comparable to those of adjuvant RT, while signiicantly reducing the 

number of paients requiring pelvic RT and improving overall treatment tolerability. These indings highlight 

the importance of careful paient selecion for adjuvant RT, considering the cost/beneit raio. In this regard, it 

is crucial to consider both factors that predict greater beneit from adjuvant RT, such as seminal vesicle 

involvement (11) and posiive surgical margins (12) as well as factors that indicate a higher risk of side efects. 

However, the available evidence on the later topic is limited and oten derived from small studies that have 

analyzed only speciic paient and/or treatment characterisics (13–17). Therefore, the aim of this study is to 

analyze muliple paient and treatment-related factors in a large mulicenter series of PCa paients who 

underwent adjuvant RT, with the goal of idenifying predictors of increased toxicity, and in paricular to 

evaluate whether older age is associated with a greater risk of radiaion-induced side efects.

Material and methods 

Study design and endpoints 

This sub-analysis is part of a mulicenter observaional study (311/2019/Oss/AOUBo, ICAROS-1 study) focusing 

speciically on paients with PCa who underwent postoperaive adjuvant RT. The study endpoints encompass 

both acute and late gastrointesinal (GI) and genitourinary (GU) toxiciies. 



Inclusion criteria 

The inclusion criteria were as follows: 1) paients diagnosed with PCa who underwent RP with negaive or 

microscopically posiive margins (R0-1) and no distant metastases, and 2) RT delivered using external beam 

techniques with photon beams. Exclusion criteria were: 1) presence of macroscopic (R2) residual disease ater 

RP, 2) postoperaive PSA level exceeding 0.2 ng/ml, and 3) postoperaive RT delivered more than one year 

ater RP. 

Evaluated parameters 

The recorded and evaluated paient-related characterisics included age and Charlson’s comorbidity index. 

Age was analyzed both as a coninuous variable and as a dichotomous variable using a cut-of at the median 

value. The analyzed treatment characterisics encompassed the delivery of prophylacic lymph node 

irradiaion (PNI), previous transurethral resecion of the prostate (TURP), use and type of adjuvant androgen 

deprivaion therapy (ADT) (LH-RH analogues or high-dose bicalutamide) and its duraion, RT fracionaion and 

technique (including the type of image-guidance systems employed), as well as the Equivalent Dose in 2 Gy 

per fracion (EQD2) delivered to the prostate bed and pelvic lymph nodes. Acute toxicity was monitored with 

weekly visits during treatment and with a follow-up visit 2 months ater the end of treatment. Late toxicity 

was evaluated with a irst follow-up visit 6 months ater the end of treatment and then with further visits 

every 6 months up to 24 months ater treatment, followed by annual assessments up to 10 years. 

Gastrointesinal toxicity was evaluated by paient interviews and proctoscopy, if necessary. Genitourinary 

toxicity was assessed through paient interviews and urine analysis during follow-up. 

Staisical analysis 

Staisical computaions were performed using IBM SPSS Version 22.0 sotware package (IBM Corp, Armonk, 

NY, USA). A p-value less than 0.05 was considered staisically signiicant. Acute toxicity was evaluated using 

the RTOG scale, while late toxicity was assessed using the RTOG/EORTC scale (18). The chi-squared test with 

Yates’ coninuity correcion and Fisher’s exact test were employed in univariate logisic regression to examine 

the correlaion between the analyzed variables and acute toxicity. Addiionally, a binomial logisic stepwise 

regression was used to esimate the likelihood of acute toxicity based on the aforemenioned variables. Late 

toxicity-free survival esimates were calculated using the Kaplan-Meier product-limit method (19) and 

compared using the log-rank test (20). Variables with a p-value less than 0.05 or showing a trend (p < 0.1) in 

the univariate analysis were included in a mulivariate Cox regression model (21). 



Results 

Paients, tumors, and treatment characterisics 

A total of 381 paients were included in this analysis, with a median age of 65 years (range: 43-79 years). Table 

1 presents the paients, tumor, and treatment characterisics. The median delivered EQD2 to the prostate 

bed, calculated using a/b raios of 1.5 Gy, 3 Gy, and 10 Gy, was 71.4 (range: 66.2-78.0), 68.7 (range: 67.0-78.0), 

and 68.2 (range: 65.1-78.0), respecively. Among the paients, 127 (33.3%) were treated with standard 

fracionaion, while 254 (66.7%) received a hypofracionated regimen. EQD2a/ b=3 was signiicantly higher in 

paients treated with hypofracionated regimens compared to standard fracionaion protocols (mean: 71.3 

Gy versus 69.7 Gy; p<0.001). RT was delivered using either 3D-conformal RT (94 paients, 24.7%) or modulated 

techniques such as intensity modulated arc therapy (IMRT) or volumetric modulated arc therapy (VMAT) (287 

paients, 75.3%). The dose to the prostaic bed ranged between 65 and 78 Gy (median: 66 Gy). Moreover, of 

254 paients treated with hypofracionaion, the dose per fracion was 2.2 Gy in 100 paients, 2.5 Gy in 142 

paients, and 2.6 Gy in 12 paients. Furthermore, of 127 paients treated with standard fracionaion, the dose 

per fracion was 1.8 Gy in 42 paients and 2 Gy in 85 paients. Addiionally, out of 254 paients treated with 

hypofracionaion, 239 (94.1%) were treated with IMRT/VMAT and 15 (5.9%) with 3D-CRT. Finally, out of 297 

paients receiving nodal irradiaion, 250 (84.2%) were treated with IMRT/VMAT, while 47 (15.8%) were 

treated with 3D-CRT. Daily on-line set-up correcions were performed using an electronic portal imaging 

device (351 paients, 92.1%) or an on-board cone-beam CT (30 paients, 7.9%), as previously described (22).

 

Fig. 1. Radiotherapy treatment plan. Volumetric Modulated Arc Therapy



Fig. 2. Dose distribuion and DVH (dose-volume histogram). 

Fig. 3. 3D reconstrucion of treatment plan: target (prostate bed and lymph nodes) and main organ at risk 

(bladder, rectum, anal canal). 



Acute and late toxicity 

Table 1 provides the results in terms of acute toxicity. None of the paients experienced acute toxicity greater 

than Grade 3, and the rates of Grade 3 gastrointesinal (GI) and genitourinary (GU) toxicity were 0.5% and 

1.3%, respecively. The actuarial 5-year rates of Grade ≥ 2 GI and GU late toxicity-free survival were 90.4% and 

83.5%, respecively. The actuarial 5-year rates of Grade ≥ 3 GI and GU late toxicity-free survival were 98.1% 

and 94.5%, respecively.

Table 1: Paients and treatment characterisics and results of univariate analysis on acute toxicity

n° of 

pts

(%)

GastrointesinalGastrointesinal GenitourinaryGenitourinary

Grade ≥ 

2 

(%)

χ (Fisher’s 

exact test)

Univariate logisic 

regression
Grade ≥ 

2 

(%)

χ (Fisher’s 

exact test)

Univariate logisic 

regression

p-value OR p-value p-value OR p-value

Age

≤ 65
174 

(45.7)
23.5

0.0320.032

ref. 20.1 0.424 ref.

> 65
207 

(54.3)
14.5 0.55 0.0240.024 16.4 0.78 0.352

CV
381 

(100)
0.97 0.078 0.96 0.0440.044

Charlson’s 

comorbidity 

index

0
309 

(81.1)
19.4

0.161

ref. 18.1 0.971 ref.

1
57 

(15.0)
17.5 0.88 0.741 19.3 1.08 0.833

2 13 (3.4) 0 0.00 0.982 15.4 0.82 0.802

3 2 (0.5) 50.0 4.15 0.317 0 0.00 0.983

Age adjusted 

Charlson’s 

comorbidity 

index

0 6 (1.6) 16.7

0.173

ref. 33.3 0.237 ref.

1
49 

(12.9)
16.3 0.98 0.983 15.7 0.88 0.892

2
178 

(46.7)
24.7 1.64 0.655 16.8 0.37 0.268

3
119 

(31.2)
12.6 0.72 0.772 16.0 0.40 0.314

4 25 (6.6) 12.0 0.68 0.761 0 0.38 0.346

5 3 (0.8) 0 0.00 0.987 0 0.0 0.986

6 1 (0.3) 0 0.00 0.992 0 0.0 0.992



PNI

No 84 (22) 13.1

0.187

ref. 10.7

0.053

ref.

Yes
297 

(78)
20.2 1.68 0.143 20.2 2.11 0.050

Hypofracionaion

No
127 

(33.3)
15.7

0.376

ref. 15.7

0.480

ref.

Yes
254 

(66.7)
20.1 1.34 0.307 19.3 1.28 0.398

Lymphadenectomy

No
94 

(24.7)
21.3

0.288

ref. 19.1

0.706

ref.

< 15*
121 

(31.8)
14.0 0.60 0.166 15.7 0.79 0.507

≥ 15*
166 

(43.8)
20.5 0.95 0.879 1.2 1.01 0.980

EQD2 prostate bed

α/β10 (Gy)

≤ 68.3
193 

(50.7)
17.3

0.699

ref. 16.2

0.358

ref.

> 68.3 
188 

(49.3)
19.7 1.15 0.605 20.2 1.32 0.294

CV
381 

(100)
1.00 0.164 1.00 0.103

Radiotherapy 

Technique

3D-

CRT

94 

(24.7)
13.8

0.214

ref. 13.8

0.271

ref.

IMRT
273 

(71.7)
20.9 1.64 0.136 20.1 1.57 0.177

VMAT 14 (3.7) 7.1 0.48 0.496 7.1 0.48 0.496

Image guidance

EPID
351 

(92.1)
18.8

1

ref. 18.8

0.480

ref.

CB-CT 30 (7.9) 16.7 0.86 0.773 10.0 0.48 0.239

ADT

No
127 

(33.)
18.9

1

ref. 13.4

0.120

ref.

Yes
254 

(66.7)
18.5 0.97 0.926 20.5 1.67 0.092

Type of 

ADT

None
127 

(33.3)
18.9

0.381

ref. 13.4

0.108

ref.

LHRH
183 

(48.0)
16.4 0.84 0.568 18.6 1.48 0.227

HD-Bic
71 

(18.6)
23.9 1.35 0.402 25.4 2.20 0.0360.036



 EQD2 lymph 

nodes α/β10 (Gy)

≤ 44.3
280 

(73.5)
18.2

0.839

ref. 16.4

0.204

ref.

 ˃44.3
101 

(26.5)
19.8 1.11 0.725 22.8 1.5 0.158

CV
381 

(100)
1.00 0.126 1.0001 0.0350.035

Legend: ADT: adjuvant deprivaion therapy; CV: Coninuous variable; PNI: prophylacic nodal irradiaion



Univariate analysis 

Univariate analysis revealed that acute Grade ≥ 3 GI and GU toxicity rates were not signiicantly correlated 

with any of the analyzed parameters. However, the delivery of PNI showed a trend for correlaion with 

higher rates of Grade ≥ 2 acute GU toxicity (Table 1). The actuarial 5-year late Grade ≥ 2 GI toxicity was 

signiicantly lower in paients treated with hypofracionaion (dose per fracion > 2 Gy compared to ≤ 2 Gy; 

93.6% vs 84.0%; p: 0.006), IMRT or VMAT techniques (compared to 3D-conformal therapy; 93.2- 100.0% vs 

82.6%; p: 0.027), and PNI (compared to irradiaion of the prostate bed only; 92.9% vs 80.2%; p: 0.009). 

Moreover, actuarial 5-year late Grade ≥ 2 GU toxicity did not show any signiicant correlaion with the 

analyzed parameters. Furthermore, actuarial 5- year late Grade ≥ 3 GI toxicity was signiicantly lower in 

paients treated with hypofracionaion (dose per fracion > 2 Gy compared to ≤ 2 Gy; 99.2% vs 96.1%; p-

value: 0.033) and IMRT or VMAT techniques (compared to 3D-conformal therapy; 100.0% vs 93.5%; p-

value: 0.022). Late Grade ≥ 3 GU toxicity did not exhibit any signiicant correlaion with the analyzed 

parameters (Table 2).

Table 2: Actuarial 5-year gastrointesinal and genitourinary late toxicity-free survival rates (Grade ≥ 2 and Grade ≥ 3; 
Kaplan-Meier) and results of univariate analysis (log-rank).

No of pts No of pts 

(%)(%)

GastrointesinalGastrointesinal GenitourinaryGenitourinary

G ≥ 2 

(%)

P G ≥ 3 

(%)

p G ≥ 2 

(%)

P G ≥ 3 

(%)

P

Age ≤ 65 years 174 (45.7) 94.1

.065

100.0

.037.037

83.4

.909

94.3

.683

> 65 years 207 (54.3) 87.2 96.5 83.7 94.6

Charlson’s comorbidity 

Index

0 309 (81.1) 91.5

.331

98.1

.900

82.6

.890

93.9

.688

1 57 (15.0) 85.6 98.1 84.4 98.2

2 13 (3.4) 83.9 100.0 92.3 92.3

3 2 (0.5) 100.0 100.0 100.0 100

Age adjusted Charlson’s 

comorbidity index

0 6 (1.6) 100.0

.396

100.0

.811

75.0

.865

100.0

.651

1 49 (12.9) 95.8 100.0 90.9 96.8

2 178 (46.7) 92.5 98.3 79.8 93.2

3 119 (31.2) 85.4 97.4 85.4 95.8

4 25 (6.6) 83.0 95.7 86.6 92.0

5 3 (0.8) 100.0 100.0 64.9 100.0

6 1 (0.3) 100.0 100.0 100.0 100.0

Nodal irradiaion No 84 (22.0) 80.2

.009.009

96.8

.288

87.7

.139

98.0

.204

Yes 297 (78.0) 92.9 98.4 82.4 93.5

Hypofracionaion No 127 (33.3) 84.0

.006.006

96.1

.033.033

83.2

.764

93.2

.533

Yes 254 (66.7) 93.6 99.2 83.6 95.2



Lymphadenectomy No 94 (24.7) 92.6

.098

98.6

.259

79.2

.464

95.9

.758< 15* 166 (43.6) 92.9 99.2 86.9 94.1

≥ 15* 121 (31.8) 84.4 96.0 83.0 93.9

EQD2 to the prostate bed

α/β3 (Gy)

≤ 68.3 226 (59.3) 91.1

.808

98.1

.973

84.2

.603

92.7

.120

> 68.3 155 (40.7) 89.3 98.2 83.2 97.0

Radiotherapy technique 3DCRT 94 (24.7) 82.6

.027.027

93.5

.002.002

83.4

.524

96.4

.692IMRT 273 (71.7) 93.2 100.0 83.1 93.2

VMAT 14 (3.7) 100.0 100.0 100.0 100.0

Image guidance EPID 351 (92.1) 90.0

.455

98.0

.556

82.4

.059

94.1

.319

CB 30 (7.9) 96.6 100.0 100.0 100.0

Previous abdominal or 

pelvic surgery

No 367 (96.3) 90.3

.914

98.1

.662

83.6

.718

94.3

.467

Yes 14 (3.7) 90.0 100.0 84.4 100.0

Adjuvant Hormone 

Therapy

No 127 (33.3) 89.2

.836

98.0

.829

85.9

.341

95.6

.267

Yes 254 (66.3) 91.0 98.2 82.3 93.9

EQD2 to the lymph 

node α/β3 (Gy)

No 84 (22.0) 80.2

.033.033

96.8

.329

87.7

.236

98.0

.121≤ 43.2 196 (51.4) 93.0 99.5 82.2 91.7

 ˃43.2 101 (26.5) 92.7 96.6 83.5 96.9

Acute GI toxicity G 0 162 (42.5) 91.3

.601

99.0

.442

NA NA NA NA

G 1 148 (38.8) 88.2 97.1 NA NA NA NA

G 2-3 71 (18.6) 92.5 98.3 NA NA NA NA

Acute GU toxicity G 0 150 (39.4) NA NA NA NA 90.7

.000.000

95.3

.390G 1 162 (42.5) NA NA NA NA 85.5 92.1

G 2-3 69 (18.1) NA NA NA NA 65.2 98.0

Legend: 3D-CRT: 3-dimensional conformal radiotherapy, CB: cone beam; EQD2: Equivalent Dose in 2 Gy/fracion; EPID: Electronic portal 
imaging device; G: Grade; GI: gastrointesinal; GU: genitourinary; NA: not assessed; No: Number; Pts: paients; *: number of resected lymph 
nodes.



Mulivariate analysis 

The mulivariable analysis of acute toxicity, conducted using binomial logisic regression, revealed a 

staisically signiicant associaion between older age and a reduced risk of Grade ≥ 2 GI acute toxicity (age 

analyzed as a dichotomous variable: OR: 0.569; 95% conidence interval [95%CI]: 0.329-0.973; p: 0.040). 

Apart from age, no other variable ited in the mulivariable logisic model for GI Grade ≥ 2 toxicity. 

Moreover, older age was signiicantly associated to a lower risk of Grade ≥ 2 GU acute toxicity (age 

analyzed as a coninuous variable: OR: 0.956; 95%CI: 0.918-0.996; p: 0.031). Regarding dichotomous 

variable GU Grade ≥ 2 acute toxicity, three variables were included in the mulivariable model, including 

age as a coninuous variable, ADT, and EQD2 a/b=10 to the prostate bed. While ADT and EQD2 enhanced 

the predicive model, they were not staisically signiicant (ADT: OR: 1.730, 95% CI: 0.966-3.234, p: 0.073; 

EQD2: OR: 1.0005, 95%CI: 0.9999-1.0010, p = 0.075). In contrast, the age variable remained staisically 

signiicant, with age showing an inverse associaion with toxicity (OR: 0.956, 95% CI: 0.918-0.996, p: 0.031). 

The mulivariable analysis of late toxicity conirmed only a lower risk of Grade ≥ 2 GI toxicity in paients 

undergoing hypofracionaion (OR: 0.38; 95% CI: 0.18-0.78; p: 0.008). (Table 3).

Table 3: Mulivariable analysis of late gastrointesinal and genitourinary toxicity

Gastrointesinal toxicity (Grade ≥ 2)Gastrointesinal toxicity (Grade ≥ 2)

VariableVariable ValueValue Hazard RaioHazard Raio 95%CI95%CI p=p=

Age CV 1.036 0.976-1.107 0.232

Charlson’s comorbidity index 0 Ref

> 0 1.678 0.953-2.955 0.073

Nodal irradiaion No Ref
0.802

Yes 0.974 0.593-1.498

Hypofracionaion No Ref
0.008

Yes 0.381 0.184-0.783

Lymphadenectomy No/sampling Ref
0.802

Yes (>15) 0.942 0.589-1.505

EQD2 to the prostate bed α/β3 (Gy) CV 1.000 0.998-1.002 0.936

Radiotherapy technique 3D-CRT Ref
0.929

IMRT/VMAT 0.945 0.275-3.251

Image guidance EPID Ref
0.267

Cone-beam CT 0.561 0.202-1.557

EQD2 to the lymph node α/β3 (Gy) CV 1.001 0.998-1.003 0.580



Genitourinary toxicity (Grade ≥ 2)Genitourinary toxicity (Grade ≥ 2)

VariableVariable ValueValue Hazard RaioHazard Raio 95%CI95%CI p=p=

Age CV 0.991 0.945-1.040 0.710

Charlson’s comorbidity index 0 Ref
0.468

> 0 0.807 0.452-1.440

Nodal irradiaion No Ref
0.890

Yes 0.744 0.110-4.894

Hypofracionaion No Ref
0.250

Yes 0.544 0.193-1.534

Lymphadenectomy No/sampling Ref
0.074

Yes (>15*) 0.724 0.508-1.031

EQD2 to the prostate bed α/β3 (Gy) CV 1.001 0.998-1.003 0.120

Radiotherapy technique 3D-CRT Ref
0.621

IMRT/VMAT 0.767 0.269-2.191

Image guidance EPID Ref
0.400

Cone-beam CT 0.803 0.606-1.365

EQD2 to the lymph node α/β3 (Gy) CV 1.000 0.999-1.001 0.972

Acute GU toxicity Grade 0-1 Ref
0.059

Grade 2-3 3.060 0.882-13.658

3D-CRT: 3-dimensional conformal radiotherapy; EQD2: Equivalent Dose in 2 Gy/fracion; EPID: Electronic portal 

imaging device; *: number of resected lymph nodes.



Discussion

Adjuvant RT has been associated with an increased risk of side efects compared to surgery alone (4) and 

early salvage RT (7–9). However, it is important to note that, in selected high-risk PCa paients, adjuvant RT 

ofers a higher chance of cure compared to surgery alone. Our mulicenter observaional study conirms 

that severe acute toxicity is rare in this seing. The rates of acute Grade ≥ 3 GI and GU toxicity were only 

0.5% and 1.3%, respecively, and the 5-year actuarial cumulaive incidence of late Grade ≥ 3 GI and GU 

toxicity rates were 1.9% and 5.5%, respecively. 

Furthermore, our analysis demonstrated lower rates of GI acute toxicity in older paients. This unexpected 

result may arise from the fact that elderly paients may be more likely to have pre-exising symptoms or 

discomfort due to age-related health issues or comorbidiies. As a result, they might be less inclined to 

report or atribute certain side efects to RT, especially if these side efects are mild or non-serious. The 

phenomenon of underreporing or downplaying side efects in elderly paients is known as “response shit” 

or “response shit bias” (23). 

Other studies have reported an increased risk of GI early adverse efects in paients with higher mean 

rectal dose (16) or larger irradiated bowel volumes (24), those receiving PNI (25, 26), individuals with 

previous abdominal surgery (24), and those under anicoagulant or aniplatelet therapy (16). Addiionally, 

Fiorino et al. observed reduced toxicity rates in paients receiving IMRT (24), although this efect was not 

observed in our cohort or in the study by Flores-Balcazar et al. (27). 

Furthermore, our study demonstrated a reduced risk of GU acute toxicity in older paients, while Marinez-

Arribas et al. reported higher GU acute toxicity rates in paients with urinary symptoms before RT. 

Addiionally, similar to our indings, FloresBalcazar et al. (27) and Deville et al. (26) did not observe a 

signiicant impact of IMRT/VMAT and PNI, respecively. 

Moreover, our analysis revealed a reduced risk of GI late toxicity in paients treated with hypofracionated 

RT. Another study observed a higher risk of late GI adverse efects in subjects with higher body mass index 

values and those treated with higher RT doses (17). Furthermore, Flores-Balcazar et al. did not ind a 

signiicant impact of IMRT/VMAT, in line with our indings, while Goenka et al. reported signiicantly 

reduced toxicity in paients treated with IMRT (28). Similarly, Deville et al. did not ind diferent toxicity 

rates in subjects treated with PNI (26). **. 

In our analysis, no parameter was signiicantly correlated with late GU toxicity. However, other studies 

have reported a signiicant correlaion between higher toxicity rates and older age and receiving > 70 Gy to 

larger bladder volumes (17), hypofracionated RT (15), and Grade > 2 acute GU toxicity (13, 15). 

Interesingly, IMRT did not show an impact on late GU toxicity in two studies (27, 28), consistent with our 

analysis. Waldstein et al. reported increased toxicity rates in paients treated with PNI (25), while Deville et 

al. did not observe this correlaion (26), similar to our series. 

In conclusion, the results of available evidence conlict regarding: i) the impact of modulated RT techniques 

on acute GU toxicity and late GI side efects, and ii) the impact of PNI on late GU toxicity. Moreover, there 

is limited evidence available regarding parameters predicing acute GU side efects. 

The use of hypofracionaion in the adjuvant RT seing of PCa remains a controversial topic. Moderately 

hypofracionated regimens are considered preferable in paients undergoing exclusive RT (NCCN 2022) but 

not in the adjuvant seing. According to the NCCN guidelines, the recommended standard fracionaion 



dose for adjuvant/salvage RT is 64-72 Gy (NCCN 2022). However, the data available on this topic are very 

heterogeneous. For instance, a systemaic review on hypofracionated postoperaive RT reported rates of 

Grade ≥ 2 late GU toxicity ranging between 0% and 66% (29). 

The results of our analysis did not indicate a worse toxicity proile in paients undergoing hypofracionated 

RT. Furthermore, the mulivariable analysis revealed a reduced rate of late GI toxicity ater RT delivered 

with > 2 Gy per fracion. In contrast, Cozzarini et al. reported a signiicant increase in the rate of Grade ≥ 3 

GU toxicity in paients receiving hypofracionated regimens compared to convenional fracionaion (5-

year risk: 18.1% versus 6.9%). This diference can be explained by comparing the equivalent doses 

delivered in our study and Cozzarini’s et al. study. Assuming an a/b raio of 3 Gy for late efects, paients 

undergoing hypofracionaion in our study received a median dose of 68.7 Gy, while in Cozzarini’s et al. 

study, the range was 68.4-80.8 Gy. Moreover, in Cozzarini’s et al. study, the EQD2 was > 70 Gy in 79.8% of 

paients and > 79 Gy in 32.4% of subjects. Addiionally, the EQD2 for PNI was 43.2 Gy in our series and 50.2 

Gy in Cozzarini’s et al. series. Even when using an a/b raio of 5, as done by Cozzarini et al., our median 

EQD2 (67.0 Gy) was lower compared to their analysis (median: 70.4 Gy, IQR: 70.4-79.2 Gy). 

Taken together, the results from the two studies suggest a possible associaion between dose and late 

urological toxicity in this seing, highlighing the need for further invesigaion. It is also worth noing that 

the safety of hypofracionaion observed in our data is consistent with recent analyses (30–32). Probably, 

the lower incidence of late toxicity recorded in paients treated with hypofracionaion in our study, 

despite a signiicantly higher EQD2a/b=3 value, may derive from the delivery of RT in more recent imes, 

and therefore with more precise techniques. 

The paradoxical result of our analysis, of reduced late gastrointesinal toxicity in paients undergoing PNI, 

remains to be explained. The only interpretaion we can propose is that paients with beter general 

condiions and fewer comorbidiies (paricularly at the intesinal level) were more frequently referred to 

PNI. 

Our study has certain limitaions. The scales used to score acute and late toxicity are outdated, and an 

assessment of the treatment impact on quality of life is lacking. Furthermore, despite eforts to include as 

many parameters as possible in the analysis, some were missing from our database. Among these, several 

factors have shown a signiicant impact on toxicity rates in previous studies, such as baseline symptoms 

(16) drug therapy during RT (16), planning dose/volume indices (14, 17), body mass index (17), and tobacco 

history (17). 

On the other hand, the strengths of this study lie in the large number of cases analyzed and the 

comprehensive inclusion of numerous parameters related to both paients and treatments, as well as RT 

techniques in the analysis. 

In conclusion, the results of our analysis demonstrate that although adjuvant RT signiicantly increases the 

overall rate of adverse events in PCa paients, the risk of severe toxicity is low. Addiionally, acute toxicity 

rates were higher in younger paients, while a protecive efect of hypofracionaion was observed in terms 

of late GI toxicity.

To minimize the negaive impact of adjuvant RT, further studies are warranted. These analyses should aim 

to: i) develop predicive models of toxicity combined with the risk of recurrence based on a comprehensive 

range of clinical, geneic-molecular, and treatment-related parameters, to guide the careful selecion of 

paients for immediate adjuvant RT; ii) analyze toxicity rates in paients undergoing tailored/intensiied 



adjuvant RT. For example, studies have shown that biochemical relapse-free survival can be improved by 

modulaing postoperaive RT, such as adjusing the dose based on surgical margin status, delivering PNI in 

selected cases, and administering ADT based on the risk of treatment failure (33–36); iii) clarify the impact 

of hypofracionaion on late GU toxicity, given the conlicing evidence in the literature (29).
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Salvage radiotherapy in prostate cancer: the role of 

prophylacic nodal irradiaion.

Analysis of prognosic factors and development of a risk straiicaion 

system.

Abstract

Background

The aim of this study was to analyze the prognosic impact on outcome and toxicity of paients with 

prostate cancer (PCa) treated with salvage radiotherapy (RT) based on a comprehensive analysis of 

parameters related to tumor, paients, and treatment characterisics. Furthermore, we aimed to develop a 

simple risk straiicaion system based on real life data from a large paient populaion.

Material and methods

A retrospecive analysis of 454 paients enrolled in an observaional study was performed. Endpoints of the 

study in terms of clinical outcomes were biochemical relapse-free survival (bRFS), local control (LC), 

regional control (RC), metastasis-free survival (MFS), disease-free survival (DFS), and overall survival (OS). 

In terms of toxicity both acute and late toxicity were assessed. Survival esimates were calculated by the 

Kaplan-Meier product-limit method and compared with the log-rank test. Variables with P value less than 

0.05 or with a trend (p < 0.1) at univariate analysis were entered into a mulivariate Cox’s regression 

model. P < 0.05 value was considered staisically signiicant. Acute toxicity was assessed by RTOG scale 

while late toxicity was evaluated with the RTOG/EORTC scale.

Results

Mulivariate analysis showed a higher bRFS rates in paients with pN0 stage, lower Gleason score (GS) and 

treated with prophylacic nodal irradiaion (PNI).  Moreover, it showed improved LC in paients treated 

with hypofracionated regimens. In terms of RC, mulivariate analysis showed beter results in paients 

with lower GS and worse results in paients with negaive surgical margins, treated with IMRT/VMAT 

technique and not receiving PNI. The analysis on MFS showed a beter outcome in pN0 and low GS paients 

and a higher failure risk in paients receiving adjuvant ADT. Higher DFS rates were conirmed in paients 

with pN0 or low GS or low PSA levels at salvage treatment as well as in paients treated with cone-beam CT. 

Furthermore, mulivariate analysis showed beter DFS rates in paients receiving PNI. The mulivariate 

analysis on OS conirmed the posiive impact of IMRT/VMAT techniques. No parameter signiicantly 

predicted toxicity at mulivariate analysis. We designed a prognosic model using 4 Gleason score 

categories, 2 nodal stage categories, and 2 nodal irradiaion categories to deine 16 diferent groups of 

paients. These 16 groups were arranged in only 4 categories based on 5-year bRFS values: group 1: low-

risk (bRFS > 80%), group 2: intermediate risk (bRFS: 60-80%), group 3: high risk (bRFS: 40-< 59.9%), and 

group 4: very high risk (bRFS: < 40%).  



Conclusions

This systemaic analysis of a large paients series showed improved bRFS, RC and DFS in Paients receiving 

PNI.

Introducion

Prostate cancer (PCa) represents the second and ith cancer in terms of incidence and mortality in the 

male populaion, respecively (1). Radical prostatectomy (RP) is one of the main therapeuic opions of 

PCa. However, in paients treated with RP the 5-year biochemical Relapse Free Survival (bRFS) is around 

50% (2-4). 

However, if post-operaive RT is able to improve the clinical outcomes, it is also true that the same 

produces increased rates of side efects (2-4). Therefore, it has been proposed, at least in some clinical 

situaions, only to monitor paients ater RP with delayed salvage RT in case of biochemical recurrence (5). 

As for the other RT seings of PCa (curaive and adjuvant), salvage RT can be modulated in terms of 

prostaic bed RT dose, eventual prophylacic nodal irradiaion, and possible integraion with adjuvant 

hormone therapy. In fact, the eicacy of the later has been demonstrated by two randomized studies 

although its usefulness in all paients undergoing salvage RT is not completely clear (6,7). 

For an efecive treatment modulaion able to adapt the intensity and characterisics of the therapy to 

those of the recurrent disease, the availability of predicive models for risks would be obviously useful. 

Some of these have been proposed in the past (Stephenson 2005, Pollack 2004). However, a subsequent 

analysis showed their limits in terms of predicive power (Simon 2006). Therefore, further studies are 

needed to develop efecive models that can predict the prognosis of these paients by adaping the 

treatment to the speciic clinical situaion.

Based on this background, in this study we performed an analysis of the prognosic impact on clinical 

outcomes and toxicity based on a comprehensive analysis of parameters related to tumor, paients, and 

treatment characterisics. Furthermore, we developed a simple risk straiicaion system based on real life 

data from a large paient populaion.

Material and methods

Study design and endpoints

This is a retrospecive analysis of paients enrolled in an observaional study. Endpoints of the study in 

terms of outcomes were biochemical relapse-free survival (bRFS), local control (LC), deined as control of 

tumor control in prostate bed, regional control (RC), deined as control of the disease in the prostate bed 

and pelvic nodes, metastasis-free survival (MFS), disease-free survival (DFS), and overall survival (OS). In 

terms of toxicity both acute and late toxicity were assessed.



Inclusion criteria 

The following inclusion criteria were used: 1) paients with prostaic adenocarcinoma who underwent 

previous RP, 2) absence of distant metastases, 3) postoperaive PSA > 0.2 ng/ml or rise of PSA with almost 

two increments and a value > 0.2 ng/ml, 4) RT delivered with external beams techniques using photons 

beams. Exclusion criteria were as follows: 1) macroscopic recurrent residual disease at biochemical relapse, 

2) previous RT on the pelvic region, 3) contraindicaion to RT (acive inlammatory bowel diseases, pelvic 

abscesses or istulas, 4) previous salvage therapy of biochemical recurrence with Androgen Deprivaion 

Therapy (ADT).

Staisical analysis

The IBM SPSS Version 22.0 sotware package was used for staisical computaion (IBM Corp, Armonk, NY, 

USA). Survival esimates were calculated by the Kaplan-Meier product-limit method (11) and compared 

with the log-rank test (12). Variables with P value less than 0.05 or a trend in the univariate analysis were 

entered into a mulivariate Cox regression model (13). P < 0.05 value was considered staisically 

signiicant. Acute toxicity was assessed by RTOG scale while late toxicity was evaluated with the 

RTOG/EORTC scale (14).

Results

Paients’ characterisics

A total of 454 paients were included in this analysis. Table 1 shows the paients and tumor characterisics 

and Table 2 presents the general characterisics of the treatment. Table 3 shows the speciic characterisics 

of RT technique, data on fracionaion, RT dose and EQD2. 

Univariate analysis

Biochemical and clinical outcomes

Higher rates of bRFS were recorded in paients with lower GS values and pathological tumor and nodal 

stage, and in paients in lower risk categories according to the NCCN straiicaion system (Table 1). Worse 

bRFS results were observed in paients undergoing RP with roboic technique, not receiving prophylacic 

nodal irradiaion (Table 2 – Appendix 1), and irradiated with cone-beam CT veriicaion technique or with 

higher EQD2 on lymph nodes or with hypofracionated RT (Table 3).

LC was signiicantly higher in paients with lower GS values (Table 1) and receiving prophylacic nodal 

irradiaion while LC was worse in paients who underwent RP with roboic technique (Table 2).



RC was beter in paients with lower GS values (Table 1) and receiving adjuvant ADT (Table 2) while it was 

worse in paients irradiated with cone-beam CT veriicaion technique or with lower EQD2 to regional 

nodes (Table 3).

MFS rates were higher in paients with lower Gleason score values, lower pathological tumor stage, 

negaive pathological nodal stage and lower risk category according to NCCN (Table 1). MFS was reduced in 

paients receiving adjuvant ADT (Table 2).

DFS was beter in paients with lower GS values, lower pathological tumor stage, negaive pathological 

nodal stage, lower risk category according to NCCN, lower PSA levels at salvage treatment (Table 1) and 

treated with cone-beam CT technique and lower EQD2 on lymph nodes (Table 3). 

OS rates were higher in paients with lower PSA levels at salvage treatment (Table 1), receiving 

prophylacic nodal irradiaion (Table 2 – Appendix 2) or treated with hypofracionated regimen or with 

IMRT/VMAT techniques (Table 3). OS was worse in paients undergoing RP with roboic technique (Table 2) 

or receiving higher EQD2 on the nodes (Table 3).

Table 1. Paient characterisics of the analyzed cohort with the number of paients and percentage of the total 
number of paients [%] and survival diferences 

Variable Value
No of
paients [%]

bRFS 
[%]

P
LC 
[%]

P
RC 
[%]

P
MFS 
[%]

P
DFS 
[%]

p
OS 
[%]

p

Age
Median 
(range)

68 (45-82)

Age category

< 63 
years

92 (20.3) 50.2

.898

88.9

.522

95.2

.247

80.1

.684

67.3

.265

91.5

.892
≥ 63 
years

362 (79.7) 48.9 91.9 84.5 84.8 58.4 93.1

CCI

0 321 (70.7) 46.6

.120

90.7

.900

85.4

.335

82.8

.731

60.7

.084

92.8

.748

1 68 (15.0) 43.6 91.0 86.6 83.7 46.0 88.8

2 56 (12.3) 65.1 94.5 92.3 89.1 70.8 96.2

3 7 (1.5) 100.0 100.0 100.0 100.0 100.0 100.0

4 2 (0.4) 50.0 100.0 50.0 50.0 50.0 100.0

CCI cat
0 321 (70.7) 46.6

.408
90.7

.807
85.4

.294
82.8

.869
60.7

.589
92.8

.576
≥ 1 133 (29.3) 55.3 93.1 89.6 86.1 59.0 92.6

PSA preop 
(ng/mL)

Median 
(range)

10.42 (3.0-129.0)

PSA preop 
category

< 10 226 (49.8) 52.4 .537 91.3 .370 84.5 .182 85.4 .448 64.8 .420 94.3 .472

10-20 139 (30.6) 51.8 92.4 86.0 85.3 59.8 93.7

> 20 89 (19.6) 39.6 89.3 92.7 79.1 50.3 88.9

PSA postop 
ng/mL)

Median 
(range)

0.77 (0.08-56.0)

PSA at 
treatment 
category

≤ 0.39 115 (25.3) 56.5 .117 91.7 .165 93.2 .126 90.1 .217 66.1 .008 97.9 .035

0.391-
0.769

112 (24.7) 50.6 95.1 91.6 85.5 71.1 97.0

0.77 – 
2.0

115 (25.3) 45.5 92.1 81.0 83.5 55.8 84.8

> 2.0 112 (24.7) 43.3 86.1 81.4 75.9 46.5 91.9



Gleason score 
new
(ISUP grade)

≤ 6 77 (17.0) 66.3

.000

95.2

.040

93.8

.041

96.6

.000

75.2

.000

93.0

.453

7 (3+4) 83 (18.3) 65.2 100.0 97.2 94.2 77.2 95.2

7 (4+3) 117 (25.8) 49.5 86.2 83.2 90.9 60.7 97.3

8 86 (18.9) 51.5 88.0 86.9 84.2 65.6 90.9

9-10 91 (20.0) 22.8 91.0 76.8 58.6 31.7 87.2

Pathological 
tumor stage 

1-2 187 (41.2) 57.1
.004

88.5
.826

86.3
.420

91.2
.008

66.5
.009

93.9
.974

3-4 267 (57.8) 44.5 93.2 87.0 79.3 56.1 92.0

Pathological 
nodal stage

No 392 (86.3) 52.1
.000

91.0
.528

86.8
.664

89.0
.000

62.5
.000

93.8
.837

Yes 62 (13.7) 32.4 93.7 85.7 54.0 45.1 87.1

Table 2. Treatment characterisics with number of paients [%] and survival diferences

Variable Value
No of
paients [%]

bRFS 
[%]

P
LC 
[%]

P RC [%] P
MFS 
[%]

P
DFS 
[%]

p
OS 
[%]

p

Surgical technique

Open 184 (40.5) 62.7

.000

86.6

.119

93.2

.000

84.2

.857

65.8

.107

95.9

.008Laparoscopic 216 (47.6) 40.1 95.1 84.8 84.1 58.2 89.9

Roboic 54 (11.9) 27.0 97.7 61.7 78.9 38.6 88.9

Nodal irradiaion
No 184 (40.5) 35.1

.000
93.5

.273
76.3

.000
86.7

.902
55.2

.213
89.8

.025
Yes 270 (59.5) 58.3 90.2 93.5 82.2 63.5 94.5

Lymphadenectomy

No 178 (39.2) 52.6

.504

91.5

.999

85.0

.224

85.0

.797

59.7

.476

91.8

.443< 15 nodes 137 (30.2) 51.4 89.3 92.6 84.9 64.5 94.0

≥ 15 nodes 139 (30.5) 43.8 93.0 83.7 81.8 57.0 93.1

Margin status
R0 212 (46.7) 55.2

.098
93.1

.175
85.7

.355
85.5

.298
61.5

.762
94.0

.122
R1 242 (53.3) 44.7 90.1 87.7 82.5 59.3 91.9

Previous abd-pelvic 
surgery

No 417 (91.9) 49.7
.177

91.1
.756

86.4
.684

83.5
.325

60.1
.302

91.9
.399

Yes 37 (8.1) 42.8 93.5 88.4 87.5 60.5 100.0

Previous Onco 
histology

No 430 (94.7) 49.3
.812

91.3
.387

86.5
.693

84.2
.501

60.0
.682

92.5
.763

Yes 24 (5.3) 55.9 95.2 92.3 76.0 70.2 100.0

Adjuvant hormone 
therapy

No 163 (35.9) 48.1
.333

96.1
.064

78.4
.010

93.7
.001

61.8
.660

96.1
.122

Yes 291 (64.1) 50.1 88.8 91.9 78.4 59.4 91.0

Type of hormone

Not 
prescribed

163 (35.9) 48.1

.348

96.1

.132

78.4

.020

93.7

.002

61.8

.903

96.1

.286LHRH 215 (47.4) 44.4 89.6 89.9 77.7 57.7 89.5

Bicalutamide 76 (16.7) 61.0 86.5 96.3 78.7 61.5 93.6

Actual duraion of 
Hormone therapy 
(months)

not 
prescribed

163 (35.9) 48.1

.114

96.1

.169

78.4

.145

93.7

.010

61.8

.255

96.1

.051

≤ 6 60 (13.2) 29.8 90.9 91.1 64.0 43.9 89.7

< 12 33 (7.3) 51.5 90.5 100.0 90.2 62.7 95.0

12-24 138 (30.4) 54.3 89.1 89.8 78.0 65.2 88.6

25-36 34 (7.5) 59.0 80.1 85.8 90.2 62.9 96.2

> 36 26 (5.7) 52.0 90.1 100.0 76.5 54.6 94.1



Appendix 1: Biochemical relapse-free survival (bRFS) and Prophylacic Nodal Irradiaion

PNI Total number of cases bRFS (%)

No 184 35.1

Yes 270 58.3

Global comparisons

Chi-quadrato gl Sign.

Log Rank (Mantel-Cox) 17,474 1 <,001

Breslow (Generalized 

Wilcoxon)

14,733 1 <,001

Test of equality of survival distributions for different levels of PNI.

Biochemical relapse-free survival and Prophylactic Nodal Irradiation.

0: No PNI, 1: Yes PNI



Appendix 2: Overall survival and Prophylacic Nodal Irradiaion

PNI Total number of cases OS (%)

No 184 89.8

Yes 270 94.5

  

Global comparisons

Chi-quadrato gl Sign.

Log Rank (Mantel-Cox) 5,053 1 ,025

Breslow (Generalized 

Wilcoxon)

2,121 1 ,145

Tarone-Ware 3,288 1 ,070

Test of equality of survival distributions for different levels of PNI.

Overall survival and Prophylactic Nodal Irradiation.

0: No PNI, 1: Yes PNI



Table 3. Dose characterisics with number of paients [%] and 5-year survival 

Variable Value

Number 
of
paients 
[%]

bRFS 
[%]

P
LC 
[%]

P
RC 
[%]

P
MFS 
[%]

P
DFS 
[%]

p
OS 
[%]

p

Hypofracionaion

No
154 (33.9)

46.6

.211

97.6

.029

88.2

.802

81.3

.222

56.8

.212

89.
1

.001

Yes
300 (66.1)

51.2 86.9 87.0 86.1 63.6
96.
7

RT technique

3D-CRT 119 (26.2) 46.7

.257

98.0

.071

89.4

.373

81.5

.267

56.1

.232

89.
2

.001

IMRT/VMAT 335 (73.8) 50.1 88.0 86.2 85.4 62.6
95.
8

Image guidance
EPID 367 (80.8) 52.3

.000

90.8

.401

87.9

.010

83.7

.438

56.6

.004

94.
0

.263

Cone Beam 87 (19.2) 31.0 96.1 78.7 87.5 87.4
83.
0

.EQD2 to the 
prostate α/β1.5 (Gy)

< 71.4 182 (40.1) 43.6

.157

94.9

.059

81.8

.064

85.5

.778

55.2

.084

90.
8

.235

≥ 71.4 272 (59.9) 54.4 88.9 91.0 82.6 64.7
94.
3

EQD2 to the lymph 
nodes α/β1.5 (Gy)

not 
prescribed

184 (40.5) 35.1

.000

93.5

.218

76.3

.000

86.7

.908

55.2

.038

89.
8

.012≤ 42.4 179 (39.4) 63.6 87.0 95.1 83.9 66.2
95.
9

 ˃42.4 91 (20.0) 45.7 98.2 89.6 78.3 58.4
91.
0

EQD2 to the lymph 
nodes α/β1.5 (Gy)

≤ 42.4 179 (39.4) 63.6 .000 87.0 .222 95.1 .028 83.9 .686 66.2 .016 95.
9

.034

 ˃42.4 91 (20.0) 45.7 98.2 89.6 78.3 58.4 91.
0



Treatment ields

The ields of radiaion treatment change a lot depending on whether exclusively the prostaic lodge or 

prostaic lodge and pelvic lymph nodes are treated (Fig. 1). 

Consequently, toxicity to organs at risk can also vary depending on the size of the radiaion treatment ield, 

RT techniques and dose distribuion (Fig.2).

Fig. 1: RT treatment ields. 

In green: prostaic lodge, in red: prostaic lodge + pelvic lymph nodes.
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Figure 2: RT Dose distribuion and organ at risks

Toxicity

In our analysis, the majority of paients did not present signiicant acute genitourinary, gastrointesinal or skin 

toxicity. Only four Paients (0.9%) reported G3 GI toxicity and three Paients (0.7%) genitourinary toxicity 

(Table 4).
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Table 4: Acute toxicity

0 1 2 3

Gastrointesinal 215 (47.4) 140 (30.8) 95 (20.9)0. 4 (0.9)

Genitourinary 213 (46.9) 164 (36.1) 74 (16.3) 3 (0.7)

Skin 367 (82.6) 60 (13.2) 19 (4.2) 0 (0.0)

No signiicant correlaions were recorded between grade > 2 acute toxicity and the analyzed parameters 

(Table 5). 

Table 5: Acute gastrointesinal and genitourinary toxicity Grade ≥ 2 and Grade ≥ 3

Gastrointesinal Genitourinary

G ≥ 2 (%) p G ≥ 3 (%) p G ≥ 2 (%) p G ≥ 3 (%) P

Nodal irradiaion
No 34 (18.9)

.096
0 (0.0)

.124
23 (12.5)

.024
2 (1.1)

.534
Yes 49 (24.1) 4 (1.5) 54 (20.0) 2 (0.7)

Hypofracionaion
No 34 (22.1)

.505
1 (0.6)

.582
28 (18.2)

.355
1 (0.6)

.582
Yes 65 (21.7) 3 (1.0) 49 (16.3) 3 (1.0)

Lymphadenectomy

No 40 (21.1)

.869

0 (0.0)

.282

27 (15.6)

.636

3 (1.7)

.261< 15 nodes 29 (21.2) 2 (1.5) 22 (16.1) 1 (0.7)

≥ 15 nodes 29 (20.9) 2 (1.4) 27 (19.4) 0 (0.0)

EQD2 to the pro 10
< 68.3 Gy 36 (19.8)

.231
1 (0.5)

.473
32 (17.6)

.434
2 (1.1)

.527
≥ 68.3 Gy 63 (23.2) 3 (1.1) 45 (16.5) 2 (0.7)

EQD2 to the LN 10
≤ 44.3 Gy 45 (25.1)

.339
4 (2.2)

.191
42 (23.5)

.031
2 (1.1)

.439
 ˃44.3 Gy 20 (22.0) 0 (0.0) 12 (13.2) 0 (0.0)

Radiotherapy technique
3D-CRT 25 (21.0)

.458
1 (0.8)

.718
15 (12.6)

.089
1 (0.8)

.718
IMRT/VMAT 74 (22.1) 3 (0.9) 62 (18.5) 3 (0.9)

Image guidance EPID 78 (21.3)
.325

4 (1.1)
.426

66 (18.0)
.150

4 (1.1)
.426

Cone Beam 21 (24.2) 0 (0.0) 11 (12.6) 0 (0.0)

Previous abd-pelvic surgery
No 94 (22.5)

.142
4 (1.0)

.711
74 (17.4)

.096
4 (1.0)

.711
Yes 5 (13.5) 0 (0.0) 3 (0.7) 0 (0.0)

Adjuvant hormone therapy
No 28 (17.2)

.046
0 (0.0)

.168
23 (14.7)

.207
1 (0.6)

.547
Yes 71 (24.4) 4 (1.4) 53 (18.2) 3 (1.0)

Type of hormone therapy
LHRH 49 (22.8)

.179
4 (1.9)

.296
41 (19.1)

.327
2 (0.0)

.598
Bicalutamide 22 (40.7) 0 (0.0) 12 (15.8) 1 (1.3)
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Considering late grade > 2 late toxicity, the only signiicant correlaion was a reducion of gastrointesinal 

complicaions in paients treated with hypofracionated regimen or IMRT/VMAT techniques (Table 6). 

Table 6: Five-year late gastrointesinal and genitourinary toxicity Grade ≥ 2 and Grade ≥ 3 free survival

Number of
paients [%]

Gastrointesinal Genitourinary

G ≥ 2 (%) p G ≥ 3 (%) p
G ≥ 2 
(%)

p
G ≥ 3 
(%)

P

Nodal irradiaion
No 154 (33.9) 93.8

.144
98.1

.428
79.7

.482
96.4

.565
Yes 300 (66.1) 90.2 97.0 82.9 94.7

Hypofracionaion
No 154 (33.9) 86.9

.035
94.1

.002
82.5

.845
94.6

.196
Yes 300 (66.1) 94.2 99.3 80.2 95.0

Lymphadenectomy

No 178 (39.2) 90.1

.767

95.3

.124

85.2

.290

93.8

.511< 15 nodes 137 (30.2) 92.7 98.6 75.1 96.1

≥ 15 nodes 139 (30.5) 92.5 99.1 83.6 96.7

EQD2 to the prostate 
α/β3.0 (Gy)

< 68.3 203 (44.7) 92.9
.956

98.0
.678

77.7
.256

91.3
.114

≥  68.3 251 (55.3) 90.8 97.0 84.3 98.0

RT technique
3D-CRT 119 (26.2) 85.7

.032
93.6

.004
85.1

.645
94.4

.466
IMRT/VMAT 335 (73.8) 94.2 99.0 79.4 95.2

Image guidance EPID 367 (80.8) 91.3
.083

97.0
.235

80.8
.220

94.7
.578

Cone Beam 87 (19.2) 95.0 100.0 84.5 100.0

Previous abd-pelvic 
surgery

No 212 (46.7) 92.1
.757

97.6
.764

80.8
.485

95.1
.823

Yes 242 (53.3) 88.0 95.8 88.9 96.8

Adjuvant hormone 
therapy

No 163 (35.9) 93.7
.226

98.9
.154

82.5
.842

96.2
.903

Yes 291 (64.1) 90.3 96.6 81.0 94.8

EQD2 to the lymph 
nodeα/β1.5 (Gy)

No 184 (40.5) 93.8

.258

98.1

.501

79.7

.610

96.4

.369≤ 43.2 179 (39.4) 90.4 96.6 83.3 92.5

 ˃43.2 91 (20.0) 89.4 97.6 81.8 100.0

Mulivariate analysis

Biochemical and clinical outcomes

Mulivariate analysis conirmed the higher bRFS rates in paients with pN0 stage, lower GS and treated with 

prophylacic nodal irradiaion. Moreover, it showed improved LC in paients treated with hypofracionated 

regimens. In terms of RC, mulivariate analysis conirmed the beter results in paients with lower GS and 

showed worse results in paients with negaive surgical margins, treated with IMRT/VMAT technique and not 

receiving prophylacic nodal irradiaion. The analysis on MFS conirmed the beter outcomes in pN0 and low GS 

paients and the higher risk in paients receiving adjuvant ADT. Higher DFS rates were conirmed in pN0 or low 

GS or low PSA levels at salvage treatment paients as well as in paients treated with cone-beam CT. 

Furthermore, mulivariate analysis showed beter DFS rates in paients receiving prophylacic nodal 

irradiaion. 
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Predicive model

We designed a prognosic model of the biochemical outcome according to the following modaliies. The 

parameters signiicantly correlated to bRFS at mulivariate analysis were considered (GS, pathological nodal 

stage and prophylacic nodal irradiaion). Then, we used the Gleason score categories, the 2 nodal stage 

categories, and the two nodal irradiaion categories to deine 20 diferent groups of paients (Table 8). At this 

point we arranged these groups in only 4 categories based on 5-year bRFS values: group 1: low-risk (bRFS > 

80%), group 2: intermediate risk (bRFS: 60-80%), group 3: high risk (bRFS: 40-< 59.9%), and group 4: very high 

risk (bRFS: < 40%) (Table 9).  
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Table 7: Mulivariate analysis 

Variable value bRFS

pN stage
No 1.00 (Ref)

Yes 1.91 1.29-2.83 .001

Gleason score new
(ISUP grade)

6 1.00 (Ref) .000

7 (3+4) 1.05 0.54-2.04 .884

7 (4+3) 2.37 1.34-4.19 .003

8 2.09 1.16-3.79 .014

9-10 3.99 2.28-7.01 .000

Nodal irradiaion
No 1.00 (Ref)

Yes 0.44 0.32-0.61 .000



Table 8: Predicion of 5-year biochemical Relapse-Free Survival (%) according to the variables included in the 
model

5-year biochemical Relapse-Free Survival

Variables pN0 pN1

PNI No PNI PNI No PNI

Gleason Score (ISUP Grade)

6
81.3 ± 8.7
[35]

55.4 ± 11.2
[38]

50.0 ± 35.4
[4]

-
[0]

7 (3+4)
66.5 ± 9.8
[44]

50.2 ± 18.1
[34]

100.0
[5]

-
[0]

7 (4+3)
60.9 ± 8.5
[55]

33.3 ± 9.9
[53]

100.0
[5]

NR
[4]

8
71.5 ± 9.5
[42]

35.4 ± 11.3
[29]

30.8 ± 16.8
[12]

33.3 ± 27.2
[3]

9-10
43.0 ± 10.9
[43]

9.5 ± 8.3
[19]

17.2 ± 9.9
[25]

NR
[4]

Legend: PNI= prophylacic nodal irradiaion

Table 9: risk categorizaion (5-year biochemical Relapse–Free Survival)

pN0 pN1

PNI No PNI PNI

Gleason

(ISUP Grade)

6 Low (>80%)

High (40-60%)
Very high 

(<40%)
7 (3+4)

Intermediate 

(60-80%)
7 (4+3)

Very high (<40%)8

9-10 High

PNI: prophylacic nodal irradiaion
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AUTHORS/ 
YEAR

CENTRE/ 
TRIAL

INCLUSIO
N 
CRITERIA

STUDY 
DESIGN

NUMBER 
OF 
PATIENTS

MAIN 
RESULTS

NOTES

POLLACK A. 
ET AL (2022)

RTOG 0534 
(SPPORT) trial.

Post-RP that 
had a 
persistently 
detectable or 
an initially 
undetectable 
and rising 
PSA of 
between 0.1 
and 2.0 
ng/mL. 

randomized, 
phase 3 trial

1792:
Arm 1:592 
PBRT alone, 
Arm 2:602 
PBRT plus 
short-term 
ADT,
Arm 3:598 
PLNRT plus 
PBRT plus 
short-term 
ADT.
76 patients 
were 
excluded, 
thus, the final 
patient 
population 
was 1716 
patients.

Compared with 
PBRT alone, 
PLNRT+ADT 
was associated 
with significantly 
better five-year 
freedom from 
progression (5y-
FFP), a lower risk 
of distant 
metastases (DM), 
and fewer 
prostate cancer-
specific deaths 
(PCaSD). 
However, when 
compared with 
PBRT+ADT, 
there was only a 
trend toward the 
benefit of PLNRT 
that was not 
statistically 
significant for 5y-
FFP, risk of DM 
or PCaSD.

No 
significant 
difference 
between arm 
2 vs. arm 3.

SONG C. ET 
AL (2019)

Seoul National 
University College 
of Medicine

Post-RP with 
newly rising 
PSA.
Exclusion 
criteria: 
patients with 
LN met at the 
time of RP, 
adjuvant RT, 
ADT initiated 
either prior to 
RP or >6 
months prior 
to SRT, a 
Roach score 
≤15% for the 
risk of LN 
involvement, 
and clinical 
follow-up 
period less 
than 1 year, 
pts that did 
not receive 

Retrospective 191 pts.
108 WPRT.
83 PBRT.

The 5-year bRFS 
of the WPRT 
group was 
significantly 
higher than that 
of the PBRT 
group.

The benefit 
of WPRT on 
bRFS was 
maintained in 
subgroup 
analyses, 
especially in 
patients with 
preoperative 
PSA level 
≤20 ng/mL or 
pre-SRT PSA 
level ≥0.4 
ng/mL.
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PLND, or if 
they received 
either WPRT 
or PBRT 
discordant 
with the 
institution’s 
preference.

RAMEY S J. 
ET AL (2018)

University of 
Miami Miller 
School of 
Medicine/Sylvester 
Comprehensive 
Cancer Center

Pts post-RP 
with
PSA >0.01 
ng/ml; pT1-4, 
Nx/0, cM0; 
and GS ≥7 
treated 
between 1987 
and 2013.

Retrospective 1861 pts.
1366 PBRT,
176 WPRT,
250 
PBRT+ADT,
69 
WPRT+ADT.

Overall, WPRT 
was associated 
with a 
significantly 
higher 5-yr FFBF 
versus PBRT. No 
significant 
differences in 
DM cumulative 
incidence were 
found.

BYUN S J. ET 
AL (2018)

Dongsan Medical 
Center, Keimyung 
University School 
of Medicine.

Patients with 
high-risk PCa 
who received 
SRT for 
biochemical 
recurrence 
following 
prostatectom
y

Retrospective 170 pts 
receiving 
WPRT.

The 5-year 
BCPFS was 
38.6%, which 
seems to be 
inferior to that 
reported in 
previous studies. 
However, the 
other studies had 
different factors 
such as more 
favorable GS, 
initial PSA, and T 
stage, or 
conversely, 
additive use of 
ADT therapy.

PreSRT PSA 
was the only 
controllable 
prognostic 
factor, 
suggesting 
the benefit of 
early SRT.

EMMETT L. 
ET AL (2017)

St. Vincent's 
Public Hospital, 
The Garvan 
Institute of 
Medical 
Research/The 
Kinghorn Cancer 
Centre, 
University of New 
South Wales.

Men post-RP 
that were 
diagnosed 
with PSA 
≥0.05 and
<1.0 ng/mL, 
suitable for 
SRT.

RCT 140:
60/140 had a 
negative and 
80/140 a 
positive 
PSMA 
PET/CT scan.

44% 
(n=27/60) of 
patients with a 
negative 
PSMA 
underwent 
SRT. 85% 
(n=23/27) 
demonstrated 
a treatment 
response.

This study shows 
that PSMA-PET 
effectively 
stratifies men in 
the cohort of 
salvage fossa RT 
into those with a 
high versus low 
response to 
salvage radiation 
treatment.

High 
treatment 
responders: 
with negative 
PSMA PET 
or with 
disease 
confined to 
the fossa.
Low 
responders: 
PSMA 
avidity in 
nodes or 
distantly.
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SONG C. ET 
AL (2015)

Seoul National 
University College 
of Medicine.

Men 
undergoing 
SRT post-RP 
with 
persistently 
elevated 
PSA≥0.1 
ng/mL or an 
elevation of 
serum PSA 
levels ≥0.1 
ng/mL after 
achieving 
<0.1. 
Exclusion 
criteria: no 
LN met at 
time of RP, 
no SRT for 
palliation.

Retrospective 163 after 
exclusion.
29 received 
WPRT.
134 PBRT.

The 4-year bRFS 
of the WPRT 
group was 
significantly 
higher compared 
to the PBRT 
group. 

Subgroup 
analysis 
showed that 
the bRFS of 
patients who 
had two or 
more risk 
factors 
(seminal 
vesicle 
invasion, 
Roach score 
for lymph 
node invasion 
≥ 45%, and 
number of 
harvested 
lymph nodes 
≤ 5) and were 
treated with 
WPRT was 
significantly 
improved 
compared to 
those who 
received 
PBRT. 

MOGHANAK
I D. ET AL 
(2012)

Virginia 
Commonwealth 
University

Patients were 
excluded if 
they had 
either clinical 
or pathologic 
LN 
involvement, 
if they 
received 
ADT at any 
time before 
post-SRT 
biochemical 
progression 
or if they 
received 
either WPRT 
or PBRT 
discordant 
with the 
institution’s 
preference.

International 
retrospective 
cohort study

247. 
112 who 
received 
WPRT, and 
135 who 
received 
PBRT.

This report fails 
to demonstrate a 
clear benefit from 
WPRT in all men 
who received 
postprostatectom
y SRT for 
biochemical 
failure.

A benefit for 
WPRT may 
exist for 
patients who 
have pre-SRT 
PSA levels 
≥0.4 ng/mL. 
However, no 
OS benefit 
was 
demonstrated.

SPIOTTO M 
T. ET AL 
(2007)

Stanford 
University School 
of Medicine

Pts post-RP 
undergoing 
SRT or 
adjuvant RT 
(RT was 
defined as 
adjuvant if 

Retrospective 160 pts.
97 WPRT
63 PBRT
Risk 
stratification:
114 pts.
72 WPRT

WPRT resulted in 
improved bRFS 
compared with 
PBRT for patients 
at high risk of 
nodal 
involvement who 

High risk of 
nodal 
involvement: 
GS  ≥8, a 
preoperative 
PSA level 
>20 ng/mL, 
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given within 
6 months of 
RP and a 
postoperative 
PSA level 
was 
detectable)

42 PBRT were treated with 
adjuvant or 
salvage RT after 
RP.

pT3, or 
pathologic 
lymph node 
involvement

KIM B S. ET 
AL (2004)

University of 
California Los 
Angeles Medical 
Center

Post-RP pts 
with 
biochemical 
relapse who 
received 
EBRT to the 
pelvis for 
salvage intent 
from 1987 to 
1999.
Exclusion:
Hormone 
therapy prior 
to\during RT.
Gross tumor 
recurrence.
Lost to 
follow-up.

Retrospective Out of 68 
patients, 46 
patients were 
retrospectivel
y reviewed 
due to 
exclusion 
criteria.
They were 
divided into 2 
groups:
21 received 
extended 
fields (EF) 
RT, which 
include 
prostatic fossa 
and pelvic 
lymph nodes.
25 received 
limited fields 
(LF) RT, 
which include 
prostatic fossa 
only.

Overall, no 
significant 
influence on 
biochemical DFS, 
DMFS, and OS 
by increasing the 
radiation 
treatment volume 
was documented. 
However, results 
suggest that EF 
radiation with 
coverage of 
pelvic lymphatics 
shows better PSA 
control in those 
patients with 
adverse 
pathologic 
features, although 
statistical 
significance was 
not achieved.
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Discussion

Retrospecively reviewing a large series of PCa paients treated with salvage external beam RT, an analysis of 

the potenial predictors of biochemical-clinical outcome and acute-late toxicity was performed. Mulivariate 

analysis showed a higher bRFS rates in paients with pN0 stage, lower GS and treated with prophylacic nodal 

irradiaion. No parameter was signiicantly correlated with acute or late toxicity. On the basis of this 

mulivariate analysis, a simple risk straiicaion system was designed to straify paients with diferent 

probability of biochemical recurrence. 

Our study has obvious limitaions and in paricular the use of a relaively simple staisical analysis methods. 

Therefore, we are planning to repeat this analysis with more advanced staisical methods such as the use of 

neural networks. Furthermore, some parameters with known prognosic impact, such as PSA doubling ime at 

recurrence and interval between RP and biochemical relapse, have not been considered. However, this aspect 

will probably facilitate the use of this system, given its simplicity, and a future validaion of the model. 

Furthermore, compared to other risk straiicaion systems, our model not only allows to deine the risk class 

but also to quanify the risk percentage. This aspect could favor paient counseling when choosing treatment 

type and modality. 

Univariate analysis showed several signiicant correlaions both on outcomes and toxicity. In part these 

correlaions can be simply explained as an efect of chance. Some of these, in paricular, present rather 

paradoxical aspects for example, the worse bRFS in paients operated with roboic technique, irradiated with 

cone-beam CT, with higher EQD2 on lymph nodes and hypofracionated regimen. It is likely that many of these 

unexpected results are due to the impact of confounding factors.

 However, it is more diicult to explain some rather surprising results of mulivariate analysis. In fact, RC was 

worse in paients with negaive surgical margin, treated with IMRT/VMAT. We can only imagine that paients 

with negaive margins have had a lower risk of relapse in the prostate bed and that therefore, in most cases, 

relapses have occurred at the lymph node level. As for the negaive impact of the modulated techniques, we 

can hypothesize that the higher conformality of these techniques compared to 3D-conformal RT has caused 

cases of geographical miss at the level of the pelvic lymph nodes. Moreover, this result contradicts the 

improved OS in paients undergoing IMRT/VMAT. The worse MFS in paients receiving adjuvant ADT can only 

be explained by the worse prognosic proile of paients receiving hormonal therapy.

The general feeling about these unexpected results is that the method used for mulivariate analysis was not 

completely able to eliminate the impact of confounding factors or that in our analysis some relevant 

parameters are missing from the database. On the other hand, it is considered an advantage of systemaic 

analysis of large databases the possibility to idenify unforeseen correlaions that can generate new 

hypotheses. 

This aspect jusiies further analysis of large series of paients with PCa treated with postoperaive RT, possibly 

performed with advanced methods of staisical analysis.
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