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Abstract
Background Moderate hypofractionated radiotherapy is a treatment option for the cure of localized prostate cancer (PCa) 
patients based on the results of randomized prospective trials, but there is a clinical concern about the relatively short length 
of follow-up, and real-world results on outcome and toxicity based on cutting-edge techniques are lacking. The objective of 
this study is to present the long-term results of a large multicentric series.
Materials and methods We retrospectively evaluated 1325 PCa patients treated with daily volumetric image-guided hypo-
fractionated radiotherapy between 2007 and 2020 in 16 Centers. For survival endpoints, we used Kaplan–Meier survival 
curves and fitted univariate and multivariable Cox’s proportional hazards regression models to study the association between 
the clinical variables and each survival type.
Results At the end of the follow-up, 11 patients died from PCa. The 15-year values of cancer-specific survival (CSS) and 
biochemical relapse-free survival (b-RFS) were 98.5% (95%CI 97.3–99.6%) and 85.5% (95%CI 81.9–89.4%), respectively. 
The multivariate analysis showed that baseline PSA, Gleason score, and the use of androgen deprivation therapy were sig-
nificant variables for all the outcomes. Acute gastrointestinal (GI) and genitourinary (GU) toxicities of grade ≥ 2 were 7.0% 
and 16.98%, respectively. The 15-year late grade ≥ 2 GI and GU toxicities were 5% (95%CI 4–6%) and 6% (95%CI 4–8%), 
respectively.
Conclusion Real-world long-term results of this multicentric study on cutting-edge techniques for the cure of localized PCa 
demonstrated an excellent biochemical-free survival rate of 85.5% at 15 years, and very low rates of ≥ G3 late GU and GI 
toxicity (1.6% and 0.9% respectively), strengthening the results of the available published trials.

Keywords Localized prostate cancer · Volumetric image-guided radiotherapy · Outcome · Toxicity

Introduction

External beam radiotherapy (EBRT) is a standard treatment 
option for the cure of localized prostate cancer (PCa) [1, 
2]. Based on differences in terms of radiosensitivity of the 
irradiated tissues (e.g., prostate tumor, rectum, bladder) 
[3], which is characterized by the α/β ratio, during the last 
15 years several prospective trials have been developed to 
compare conventional fractionation (74–80 Gy delivered 
as 37–40 fractions of 2 Gy, five fractions per week) with 

moderate hypofractionation (2.5–3.5 Gy daily fractions, five 
fractions per week, total dose of 60–72 Gy). The largest 
three, PROFIT, CHHiP, and NRG Oncology 0415 demon-
strated the non-inferiority of moderate hypofractionation in 
terms of outcomes and toxicity [4–6]. Despite the results 
of these studies, there is a clinical concern regarding the 
relatively short length of follow-up [1, 2]. Moreover, data 
on cutting-edge techniques in moderate hypofractionated 
radiotherapy are lacking. For instance, portal imaging at 
weekly intervals was used to verify treatment accuracy in 
the CHHiP trial [5], whereas in the PROFIT [4] and NRG 
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Oncology 0415 trial [6], intensity-modulated radiotherapy 
(IMRT) was not mandatory.

Here, we present the long-term analysis of toxicity and 
survival of a large multicentric retrospective study on 
moderate hypofractionated radiotherapy in localized PCa 
(IPOPROMISE) with daily volumetric image-guidance and 
intensity-modulated (IMRT) or volumetric modulated arc 
therapy (VMAT).

Patients and methods

We retrospectively collected data from 1325 clinically local-
ized PCa patients treated with moderately image-guided 
hypofractionated EBRT in 16 Italian Centers between 2007 
and 2020. Inclusion criteria were age > 18 yr; biopsy-proven 
adenocarcinoma of the prostate; Eastern Oncology Coop-
erative Group (ECOG) 0–1; staging computed tomography 
(CT) scans and/or bone scans for unfavorable-intermediate 
and high-risk disease. All patients provided informed con-
sent for this analysis. The protocol [Image-guided moder-
ately hyPO-fractionated radiotherapy for localized prostate 
cancer. A multicentric retrospective study (IPOPROMISE)] 
was approved by Ethical Committee—Regione Umbria 
(Approval N. 25991/22/ON, 26/10/2022).

Treatment

Prostate EBRT consisted of moderate hypofractionation 
(2.5–3.1 Gy per fraction, total dose of 60–72.8 Gy) and 
daily volumetric image guidance. The clinical target volume 
(CTV) included the prostate only for patients with low-risk 
disease and the prostate and proximal seminal vesicles (at 
least 1 cm) for those with intermediate- or high-risk PCa. 
The planning target volume (PTV) encompassed the clinical 
target volume with anisotropic margins of 4–8 mm. Rectum, 
bladder, penile bulb, and femurs were defined as organs at 
risk (OARs) on planning CT. Image-guided radiotherapy 
(IGRT) was Linac-based with daily cone-beam CT (CBCT) 
in 1122 (84.6%) patients and tomotherapy-based with daily 
Megavolt-CT (MVCT) in 203 (15.4%).

Follow‑up and statistics

The follow-up schedule, starting from the end of radiother-
apy, consisted of clinical and biochemical evaluation every 
3 months during the first 2 years and then every 6 months. 
Biochemical recurrence was defined as a rise in PSA by 2 
ng/ml or more above the nadir PSA (Phoenix definition) [7]. 
At biochemical recurrence, metastatic disease was defined 
as any image- or histologically-based diagnosis of PCa out-
side of the prostate. Cancer-specific mortality was defined 
as death directly related to PCa progression. Overall survival 

(OS), metastasis-free survival (MFS), cancer-specific sur-
vival (CSS), and biochemical relapse-free survival (b-RFS) 
were calculated from the end date of radiotherapy to the last 
follow-up. Toxicity was registered according to the Common 
Terminology Criteria for Adverse Events (CTCAE) v4.03. 
Acute (within 90 days from the start of radiotherapy) and 
late toxicity (>90 days from the start of radiotherapy) were 
registered.

For each of the four survival endpoints (OS, CSS, MFS, 
and b-RFS), we applied the Chi-square test to compare the 
distribution of several patients, tumor, and treatment-related 
variables, among patients who experienced versus those who 
did not experience the corresponding event of interest. We 
then used Kaplan–Meier survival curves (with log-rank test) 
and fitted univariate and multivariable Cox’s proportional 
hazards regression models to study the association between 
the aforementioned variables and each survival type. All 
statistical tests were two-sided and a p-value was considered 
significant when lower than 0.05.

Results

Patient and treatment features are reported in Table 1. The 
median age of PCa diagnosis was 74.6 years (interquartile 
[IQR], 70.8–77.6 years), the median PSA was 7.93 ng/
ml (IQR, 5.78–12 ng/ml), and 68.5% of the patients had 
a T1–T2 disease. The Gleason score was ≥ 8 in 278 (21%) 
patients. Based on NCCN risk grouping, 373 (28.1%) 
patients had low-risk, 492 (37.3%) intermediate risk, 419 
(31.6%) high-risk, and 41 (3%) very high-risk disease. The 
median EBRT total dose was 70.2 Gy (IQR, 62–70.2 Gy), 
and only 5.1% were treated with 3DCRT (Table 1), whereas 
all the others received IMRT (27.6%) or VMAT (67.3%). 
At the time of EBRT, 698 (52.7%) of the patients were on 
androgen deprivation therapy (ADT).

The median follow-up was 5.2 years (IQR 3.2–7.5). A 
total of 57 patients died (from any cause) during follow-up: 
the OS was 92.6% (95%CI 90.3–95.0%) and 90.8% (95%CI 
86.7–95.1%), at 10 and 15 years of follow-up, respectively 
(Fig. 1a), and the median OS was 17.3 years (IQR 17.3—not 
reached). Only 11 patients died from prostate cancer during 
follow-up: the median CSS was not reached, and the 10- 
and 15-year valueswere both 98.5% (95%CI 97.3–99.6%) 
(Fig. 1b). Distant metastases were detected during follow-up 
among 71 patients: the median MFS was not reached, and 
the rate of MFS was 90.5% both at 10 and at 15 years (95%CI 
87.2–93.9%) (Fig. 1c). Finally, b-RFS (median 17.1 years, 
IQR, 17.1—not reached) was 85.5% (95%CI 81.9–89.4%) at 
10 and 15 years, with a total of 107 patients experiencing a 
biochemical relapse during follow-up (Fig. 1d).

The Kaplan–Meier curves for the entire cohort and strati-
fied by risk group are reported in Fig. 2. All the survival 
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curves show a behavior concordant to their respective risk 
classes, associating higher risk classes to lower survival 
rates (with minor differences most likely attributable to the 
limited number of patients in each risk class). Moreover, 
the p-value from the log-rank test was below 0.05 for all the 
analyses, thus confirming that patients’ survival significantly 
differed across risk classes.

On univariate analysis, increasing baseline PSA, higher 
Gleason score, increasing risk class, and increasing Interna-
tional Society of Urological Pathology (ISUP) grade were 
associated with worse b-RFS, MFS, and OS (Tables 2, 3). 
The multivariate analysis confirmed that baseline PSA and 
Gleason score were significant variables for all the out-
comes. Regarding the use of ADT, in both univariate and 
multivariate analysis there was an association with worse 
oncologic outcomes (Tables 2, 3).

The toxicity analysis showed that only 6 patients (0.45%) 
developed acute gastrointestinal (GI) grade 3 (G3) toxic-
ity (consisting of rectal bleeding [1 patient] and proctitis 
[5 patients]), and 93 (7.0%) patients a grade 2. Acute geni-
tourinary (GU) toxicity of grade ≥ 2 was registered in 225 
(16.98%), with only 12 (0.9%) having a G3 (consisting 
of hematuria [3 patient], cystitis [8 patients], and urinary 
obstruction [1 patient]). No patient experienced grade 4 GI 
and/or GU acute toxicity.

Late GI toxicity of grade ≥ 2 was registered in 54 (4%) 
patients, with 12 (0.9%) having a G3 (rectorrhagia 8, procti-
tis 4). The 5-, 10- and 15-year late grade ≥ 2 GI toxicity was 
5% (95%CI, 4–6%) since no patient developed high-grade 
GI toxicity between 5 and 15 years of follow-up (Fig. 3a).

Late GU toxicity of grade ≥ 2 was registered in 61 (4.6%), 
with 21 (1.6%) having a G3 (consisting of hematuria [5 
patients], cystitis [4 patients], and urinary obstruction [12 
patients]). The 5-year late grade ≥ 2 GU toxicity was 5% 
(95%CI, 4–7%), whereas the rate was 6% (95%CI, 4–8%) at 
10 and 15 years since no patient developed late grade  ≥ 2 
GU toxicity between 10 and 15 years of follow-up (Fig. 3b).

Discussion

Moderate hypofractionation (between 2.5 and 3.5 Gy per 
fraction) is a standard treatment option for patients affected 
by localized PCa based on several randomized controlled 
trials (RCTs) involving up to 3000 patients, with median 
follow-up ranging from 5 to 10 years, who received mainly 
three-dimensional conformal radiation therapy (3DCRT) 
without daily volumetric image guidance [4, 5, 8]. Com-
pared with 3DCRT, cutting-edge treatment planning, and 
delivery technologies have progressively been used in clini-
cal practice, allowing hypofractionation and minimizing the 
risk of toxicity [9]. To our knowledge, here we have reported 
the largest multicentric real-world series of daily volumetric 

Table 1  Patient (no 1325) and treatment features

Yr, years; PSA, prostate-specific antigen; ISUP, International Soci-
ety of Urological Pathology; ADT, androgen deprivation therapy; 
3DCRT, three-dimensional conformal radiation therapy; IMRT, 
intensity modulated radiation therapy; VMAT, volumetric modulated 
arc therapy

Parameter Result

Age at diagnosis (yr)
Median (IQR) 74.65(70.77–77.60)
Initial PSA (ng/ml)
Median (IQR) 7.93 (5.78–12.00)
Clinical stage, no (%)
T1 211 (16)
T2 695 (52.5)
T3 274 (20.7)
T4 5 (0.3)
Not reported 140 (10.5)
Biopsy Gleason score, no (%)
6 461 (34.8)
7 586 (44.2)
8 165 (12.5)
9 89 (6.7)
10 8 (0.6)
Not reported 16 (1.2)
Risk group, no (%)
Low 373 (28.1)
Favorable intermediate 289 (22)
Unfavorable intermediate 203 (15.3)
High 419 (31.6)
Very high 41 (3)
ISUP grading, no (%)
1 463 (34.9)
2 357 (26.9)
3 228 (17.2)
4 165 (12.5)
5 96 (7.2)
Not reported 16 (1.2)
ADT, no (%)
No 627 (47.3%)
Yes 698 (52.7%)
Patients in ADT based on risk class, no (%)
Low (no = 373) 75 (20.1)
Favorable intermediate (no = 289) 148 (51.2)
Unfavorable intermediate (no = 203) 128 (63)
High (no = 419) 308 (73.5)
Very high (no = 41) 39 (95.1)
Radiotherapy total dose (Gy)
Median (IQR) 70.2 (62–70.2)
Radiotherapy technique, no (%)
3DCRT 68 (5.1)
IMRT 365 (27.6)
VMAT 892 (67.3)
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image-guided moderately hypofractionated radiotherapy 
(IMRT and VMAT based) for localized PCa, with a median 
follow-up time of over 5 years. Our study adds information 
about the safety and efficacy of this treatment option for 
the cure of localized PCa patients and highly supports the 
use of this treatment for any risk class of the disease. Tak-
ing into account that about 50% of the patients were in the 
highest risk categories, the most interesting results are the 
very low rate of CSS at 10 and 15 years with only 11 (0.8%) 
patients dead from PCa at the end of follow-up, and only 
5.3% of the total cohort experiencing a metastatic disease. 
Analyzing the clinical features affecting outcomes, higher 
baseline PSA, higher Gleason score, and the use of ADT 
were all associated with worse survival and these results at 
multivariable analysis (Tables 2, 3) are consistent with those 
from other studies such as the one of Abu-Gheida et al. [10] 
who recently reported the 10-year analysis of a large mono-
institutional series of localized PCa treated with moderately 
hypofractionated IMRT. Long-term data from Abu-Gheida 
et al. [10] on grade ≥ 3 GU and GI toxicity evidenced a 
10-year cumulative incidence rate of 2% and 1%, respec-
tively. Accordingly, in our series, the rate of late grade ≥ 3 
toxicity at the end of follow-up was 1.6% for GU and 0.9% 
for GI, with no patient experiencing a G4 late toxicity.

Recently at the ASCO GU 2023 symposium, the 10-year 
results of the CHHiP trial were presented confirming the 
non-inferiority of the hypofractionation arm (60 Gy/20 
fractions) (HR = 0.84, 95%CI 0.72, 0.97) and a borderline 

significance for superiority (HR = 0.84, 95%CI 0.70, 1.00). 
The efficacy of this treatment schedule was confirmed in 
terms of biochemical failure-free survival (79.8%, 95%CI 
77.1–82.3), distant metastases-free survival (94.3%, 95%CI 
92.7–95.6), and overall survival (83%, 95%CI 80.5–81.5), 
with low rates of bladder and rectal toxicity [11].

Several randomized trials comparing conventional frac-
tionation with moderate hypofractionation did not show 
a significant difference in terms of toxicity [4, 5, 8, 12], 
although some others reported higher acute and late toxicity 
in the hypofractionation arm [6, 13]. In the range of dose per 
fraction and total dose of moderate hypofractionation, the 
biologically effective dose (BED) could help explain why 
there is evidence in some of the randomized trials [6, 13] 
of increased late effects. To reduce the risk of late toxicity 
compared with conventional fractionation, for an α/β ratio 
ranging from 1.5 to 2.5 Gy, it has been hypothesized that 
BEDs for moderate hypofractionation should not exceed 
a BED1.5Gy of 183 Gy 1.5 Gy or a BED2.5Gy of 136 
Gy2.5Gy [14]. This means that the radiation therapy sched-
ule should be comprised between 27 x 2.5 Gy (total dose, 
67.5 Gy) and 17 × 3.3 Gy (total dose, 56.1 Gy). In the pre-
sent series, the median total dose of 70.2 Gy (26 × 2.7 Gy) 
corresponds to 196.5 Gy1.5Gy which is above the set limit 
proposed by Brenner and Hall, but if we consider the toxic-
ity data we had a very low rate of grade 3 (0.9% for GI and 
1.6% for GU) and a 5-year late grade ≥ 2 GI and GU toxici-
ties of 5%, respectively. For instance, in the NRG Oncology 

Fig. 1  Survival curves. a Overall survival (OS). b Cancer-specific survival (CSS). c Metastasis-free survival (MFS). d Biochemical relapse-free 
survival (b-RFS)
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RTOG-0415 trial [6], where a total dose of 70 Gy (28 × 2.5 
Gy, corresponding to 186.7 Gy1.5Gy) was delivered to 545 
patients, the rate of late grade 2 GI and GU were 18.3% 
and 26.2%, with G3 late toxicity of 4.1% for GI and 3.5% 
for GU. To explain our favorable toxicity results despite the 
high BED of 196.5 Gy1.5Gy, we have to consider that we 

collected data from patients treated with modern techniques 
(IMRT and VMAT) with daily volumetric image guidance 
allowing smaller CTV to PTV expansion. The availability 
of cutting-edge image-guided high-conformality treatments 
allows the safe and effective delivery of moderate hypofrac-
tionated radiotherapy in clinical practice, and it is leading 

Fig. 2  Kaplan–Meier curves stratified by risk class (low: green; 
favorable-intermediate: red; unfavorable-intermediate: light blue; 
high: yellow-green; very-high: purple). a Overall survival (OS). b 

Cancer-specific survival (CSS). c Metastasis-free survival (MFS). d 
biochemical relapse-free survival (b-RFS)
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to the use of stereotactic body radiotherapy (SBRT) as an 
option for the cure of patients affected by localized PCa [15]. 
Even though SBRT (1 -5 total fractions with a dose per frac-
tion ≥ 5 Gy) is becoming more and more administered for 
the treatment of localized PCa, moderate hypofractionation 
is currently the standard treatment option due to the optimal 
long-term outcome and toxicity results. The results of the 

ongoing PACE-C trial, a randomized study directly com-
paring SBRT and moderate hypofractionated RT, and many 
more other trials, are eagerly awaited.

The strengths of our study are the real-world data on a 
very large number of patients with long-term follow-up 
and the multicentric nature of the study.

Fig. 2  (continued)
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Conclusions

Long-term results of the current study on 1325 PCa patients 
treated with moderate hypofractionated radiotherapy with 
daily volumetric image-guidance and IMRT or VMAT 

technique demonstrated excellent biochemical-free survival 
rate of 85.5% at 10 and 15 years, and very low rates of ≥ 
G3 late GU and GI toxicity (1.6 % and 0.9 %, respectively), 
strengthening the results of the available published RCTs.

Table 3  Univariate and 
multivariate logistic regression 
analysis for overall survival 
(1325 patients)

HR, hazard ratio; CI, confidence interval; yr, years; PSA, prostate-specific antigen; ISUP, International 
Society of Urological Pathology; ADT, androgen deprivation therapy
*Significant value

Variable Overall survival

log-rank test Univariate Cox regression Multivariate Cox regression

p-value HR (95%CI) p-value HR (95%CI) p-value

Age at diagnosis (yr)
 ≤ 69.5 0.62 1.00 1.00
 > 69.5 and ≤ 73.3 0.96 (0.41–2.26) 0.921 0.83 (0.34–2.03) 0.688
 > 73.3 and ≤ 75.9 1.06 (0.46–2.45) 0.890 0.98 (0.42–2.28) 0.967
 > 75.9 and ≤ 78.2 1.00 (0.42–2.37) 0.994 0.78 (0.32–1.91) 0.590
 > 78.2 1.65 (0.74–3.64) 0.218 1.29 (0.56–2.96) 0.549
Initial PSA (ng/mL)
 < 10  < 0.004* 1.00 1.00
 ≥ 10 and < 20 2.48 (1.39–4.41) 0.002* 1.96 (1.06–3.61) 0.031*
 > 20 2.02 (0.94–4.36) 0.073 1.38 (0.60–3.17) 0.454
Tumor stage
T1 0.114 1.00
T2 1.26 (0.55–2.93) 0.584
T3-T4 2.13 (0.89–5.09) 0.090
Gleason score
6 0.013* 1.00 1.00
7 1.95 (1.01–3.77) 0.046* 1.31 (0.66–2.63) 0.438
8 1.67 (0.64–4.38) 0.298 0.97 (0.35–2.68) 0.954
9–10 3.99 (1.66–9.60) 0.002* 2.26 (0.86–5.93) 0.098
Risk class
Low 0.050* 1.00
Favorable intermediate 1.35 (0.49–3.67) 0.560
Unfavorable intermediate 1.65 (0.69–3.93) 0.257
High 2.55 (1.26–5.19) 0.009*
Very high 3.61 (1.00–13.07) 0.050*
ISUP grading
1 0.036* 1.00
2 1.92 (0.95–3.87) 0.069
3 1.48 (0.62–3.51) 0.377
4 1.56 (0.60–4.07) 0.358
5 3.75 (1.58–8.91) 0.003*
ADT
No 1.00 1.00
Yes 0.002* 2.38 (1.35–4.22) 0.003* 1.96 (1.01–3.81) 0.047*
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