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Abstract
Objective The approach for treating high-risk prostate cancer still presents different unresolved issues. We report the safety
and efficacy of a radiation therapy strategy based on the combination of moderate hypofractioned simultaneous integrated
boost (SIB) and Image Guidance.
Materials and methods In this phase II trial of patients with high-risk prostate cancer, Image Guided SIB-IMRT plans
(Simultaneous Intensity Modulated - Intensity Modulated Radiotherapy) were delivered between 2009 and 2012. All patients
enrolled (41) received in 25 fractions a total dose of 67.5 Gy (2.7 Gy/fraction) to the prostatic volume, 56.25 Gy (2.25 Gy/
fraction) to the seminal vescicles, and 50 Gy (2.0 Gy/fraction) to the pelvic lymph nodes (LN) chains with concurrent
androgen deprivation therapy (ADT). The image-guided radiotherapy (IGRT) procedure was performed using three gold
seeds. RTOG late gastrointestinal and genitourinary toxicities and 6-year biochemical relapse-free survival (BRFS) were
assessed in combination of their statistical correlation with clinical factors and dosimetric parameters.
Results Rate of late genitourinary toxicity grade 2 was 9.8%, while rates of late gastrointestinal toxicity were 14.6% and
2.4%, for grade 1 and 2, respectively. Diabetes and maximum doses to rectum appeared to be statistically relevant risk
factors for late rectal toxicity. Five-year BRFS was 95.1%.
Conclusions In our study, we observed positive results in terms of toxicity and good efficacy in a cohort of high-risk prostate
cancer patients treated with a multimodality therapy approach comprising hypofractionation, irradiation of pelvic nodes
(common iliac nodes included), and concurrent ADT. These favorable results may merit further investigation in a phase III
randomized trial to confirm that whole pelvic radiation therapy (WPRT) combined with moderate hypofractionation and
ADT could be performed safely and effectively.

Introduction

Clinically localized high-risk prostate cancer (PCa) is rela-
ted to a substantial disease recurrence after the
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administration of local treatment with radical intent,
regarding more than 50% of patients within 10 years
post treatment [1, 2]. Due to the unavailability of suitable
randomized trials, the more appropriate therapeutic para-
digm is still a matter of debate. According to NCCN and
EAU guidelines recommendations, the standard of care is
represented by external beam radiation therapy (EBRT)
associated with long-term androgen deprivation therapy
(ADT).

Roach et al. [3] reported the results of the Radiation
Therapy Oncology Group 94-13 randomized trial, which
proven significantly better progression-free survival for
high-risk PCa treated with whole pelvic radiation therapy
(WPRT) compared with prostate-only radiation therapy
(PORT). In addition, recently emerging evidence [4] sup-
ports the use of elective nodal irradiation, with the invol-
vement of the common iliac nodes, to warrant the complete
coverage of micrometastatic disease.

The enhanced rate of radiation-related toxicity is the
most relevant consequence of adopting WPRT approach. In
fact, cute gastrointestinal (GI) and genitourinary (GU)
complications were most commonly occurred in patients
treated with WPRT than in those receiving PORT [5, 6].

On the other side, several planning studies showed [6–11]
that through the use of the modulated photon beams
(intensity-modulated radiation therapy, IMRT) acute GI [10]
and GU [11] were substantially diminished since restricted
parts of bladder and rectum received high value of dose.

Moreover, recently clinical investigations have revealed
that currently used dose fractionation schemes influence
significantly the PSA control [12, 13].

It is now largely accepted that PCa has a low alpha/beta
ratio (estimated in the range of 1–3 Gy [14, 15]), which
makes hypofractionation theoretically advantageous in
producing tumor cell death while reducing late toxicity in
healthy tissues.

In our phase II trial, we studied the toxicity and the
efficacy of marker-based image-guided (IG) concomitant
delivery of different levels of radiation dose within a single
treatment fraction (SIB, simultaneous intensity boost) to
prostate, vesicles, and whole pelvic nodal chains (including
common iliac nodes), combined with ADT.

Materials and methods

Study design and population

This was a single-institution prospective phase II clinical
trial. The research ethics board of the University Hospital of
Udine (ASUIUD) approved the study, and all the patients
enrolled signed an informed consensus, according to the
Helsinky Declaration.

Eligible patients had histologically confirmed prostate
cancer with at least one of the following high-risk features:
clinical stage T2c/T3 or PSA level ≥20 but <100 ng/mL or
Gleason score ≥8 [16].

Exclusion criteria comprised lymph nodes involvement,
distant metastasis, a history of inflammatory bowel disease,
active collagen vascular disease, previous malignancy
within 5 years of prostate carcinoma diagnosis (except non-
melanomatous skin cancer), prior pelvic RT, hip prosthesis
(which would prevent electronic portal imaging, EPI, of the
implanted fiducial markers from a lateral direction), and
severe urinary symptoms based on the total IPSS score of
20–35. Elective pelvic nodal treatment was administered
according to a proposed >15% risk of occult nodal invol-
vement as calculated by the Roach formula [17].

IMRT treatment planning and delivery

Pre-treatment comprehensive clinical assessment foresaw,
staging investigations (whole body bone scan and computed
tomography (CT) of the abdomen and pelvis), and blood
work (including PSA determination, liver function tests, and
testosterone measurement).

Three gold markers for the image-guided radiotherapy
(IGRT) procedure were inserted into the prostate under
transrectal ultrasound guidance and 20 days before CT scan
dedicated for treatment planning. Their size was 1.2 mm
diameter and 3 mm length. Fiducial markers were used to
register treatment confirmation images with the corre-
sponding reference planning images to correct the daily
inter-fractional motion.

All patients underwent CT simulation in the supine
position after immobilization with COMBIFIX.

CT planning was performed with 0.3 cm spacing and 0.3
cm slice thickness from above the L4–L5 interspace
through the mid-femur. Patients were instructed to use a
Fleet enema the evening before and the morning of the
treatment simulation session. All patients underwent CT
scanning with an empty rectum and a moderately full
bladder. If rectal volume (including filling) exceeded 100
ml, we proceeded with re-scanning. Furthermore, patients
were instructed to achieve the same conditions (rectal
emptying and bladder “filling”), before each RT delivery
session.

The clinical target volume (CTV) relative to the prostate
was defined as the whole prostate proximal 1.5 cm of the
seminal vesicles and any visible tumor extension.

The prostate planning target volume (PTV) was gener-
ated by adding an isotropic 0.5 cm margin to the prostate
CTV. The CTV elective nodes contoured included those
within 0.7 cm around the pelvic blood vessels and excluded
muscle and bone from the volume [18]. The pelvic volume
treated in the current study included the common iliac
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lymph nodes as well. Nodal PTV was obtained expanding
the CTV nodes in all the directions by a 0.8 cm.

All patients received a total dose of 67.5 Gy in 25 frac-
tions (2.7 Gy/fraction) to the prostate PTV, at least 56.25 Gy
(2.25 Gy/fraction) to the seminal vesicles PTV and 50 Gy
(2.0 Gy/fraction) to the nodal PTV.

Step-and-Shoot IMRT plans (S-S IMRT) consisting in
five to seven 6-MV fields were calculated with Oncentra
treatment planning system (Oncentra Masterplan®, Elekta)
and delivered on Varian 600C linear accelerator (Varian
Medical Systems).

Regarding the target coverage, the purpose was to ensure
that prescribed dose was more than 95% of the volume of
each treatment site (prostate, seminal vesicles, and pelvic
lymph nodes). A maximum dose of 107% of the intended
dose was allowed to <2% of prostate PTV. For seminal
vesicles PTV and pelvic nodes PTV, we accepted a max-
imum dose of 110% of the respective dose values. The
organs at risk (OARs) considered were: rectum, bladder,
intestinal cavity, femoral heads, and penile bulb. We
derived the OAR dose constraints based on the conventional
3DCRT planning of our Institute and scaling them through
the linear quadratic model, to take into account the
unconventional dose fractionation. (The dose constraints are
summarized in supplementary Table 1).

During delivery fractions, patients were positioned
according to simulation setup and aligned to their three
skin tattoos referring to treatment room lasers. To correct
the interfraction changes and the treatment setup errors,
EPI was taken for daily IGRT. The practiced method
involved on-line comparison of an orthogonal EPIs pair
with the relative reference planning images (digitally
reconstructed radiographs: DRRs) using manual template
matching referred to the gold markers. If the resultant
discrepancy was greater than 2 mm but minor than 6 mm
(in any direction), a couch correction shift was
performed.

Since prostate could move independently of the vessels,
treatment was not delivered when errors resulted greater
than 6 mm.

Follow-up

Once a week during treatment, full blood work, physical
examination, and toxicity evaluation were performed.

Following the cessation of radiation therapy, in the first 2
years, patients were monitored with physical exam, urine
test, serum PSA, and renal function determination, on a
quarterly basis, in the first 2 years, and on a 6-month basis,
in the next 3 years; after which, the frequency of checks
became annual. Follow-up period took for the patients until
last observation or death.

According to the Phoenix definition, biochemical recur-
rence (BR) was defined, as an increase in the PSA level of
2 ng/mL or more above the PSA nadir after RT [19]. All
patients with BR were treated with continuous ADT.

Study end points

Primary end point was toxicity. Acute toxicity was defined
as any new event occurring during RT or within 3 months
after RT, and late toxicity as any event persisting or
occurring more than 6 months after RT completion. The
degree of toxicity was prospectively recorded using the
Radiation Therapy Oncology Group (RTOG) morbidity
criteria. The maximal toxicity scores were reported.

To explore the correlation of doses received by normal
tissues with toxicity, we considered the final values of the
treatment planning parameters.

Secondary end point was efficacy. BRFS was determined
from the first day of RT until either the date of the last
follow-up or the date of death/relapse.

Statistical analysis

To determine the sample size, the method of Simon’s two-
stage optimal design was conducted [20]. Our study was
planned to evaluate rectal toxicity, considering as accep-
table, an acute grade ≥2 toxicity rate of ≤5%, and con-
sidering as unacceptable with a 90% power and a
significance level of 5%, an acute grade ≥2 toxicity rate of
≥25%. The stopping rules laid down by the investigation
were: grade ≥2 toxicity in ≥1 patient during the first stage
(21 patients) and in ≥4 patients in the second stage (41
patients).

Descriptive statistics were performed on categorical and
numerical variables. Frequency distributions were used for
categorical variables. Kolmogorov–Smirnov test was per-
formed for checking data distribution’s normality on
numerical variables.

The late toxicity or relapse and its standard error (SE)
were estimated with the cumulative incidence function, and
differences between groups were analyzed using the
homogeneity test developed by Gray. The relationship
between clinical and laboratory factors and late toxicity or
relapse was evaluated with the Fine and Gray’s [21]
extension of the Cox regression model. To investigate the
potential predictors for late toxicities, several factors were
considered: age, diabetes, ADT duration, hypertension,
anticoagulation therapy, use of drugs (anti-coagulant, anti-
hypertensive), and dose parameters.

Survival analysis was performed using the cumulative
incidence function and Gray’s test [22] for testing the
homogeneity of two or more cumulative incidence
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functions in competing risk data. Patients alive at the end of
the study without having experienced relapse or late toxicity
were censored, whereas those who died without relapse or
late toxicity were counted as competing risk events. SAS©
software, version 9.4 (SAS institute, Inc., Cary, NC, USA)
was employed to carry out all statistical analyses. P values
<0.05 denoted statistical significance.

Results

Between March 2009 and 2012, 41 patients were enrolled.
Patient characteristics are summarized in Table 1. Median
age was 72 years (range, 51–81 years). All patients pre-
sented an Eastern Cooperative Oncology Group perfor-
mance status 0 or 1. Median pre-treatment PSA level and
Gleason score were 10.5 ng/mL (range, 2.1–60 ng/mL)
and 8 (range, 7–9), respectively. Additionally, 12.2% of
patients had diabetes, 24.4% were on anti-coagulant
therapy and about one-half suffered from hypertension.
All patients received ADT (luteinizing hormone-releasing
hormone agonist only), which started 3–6 months before
RT and continued for a total duration of ≥12 months.
Median duration of ADT was 12 months (range,
12–24 months).

The median time to testosterone recovery was
11.4 months after treatment with ADT, and 7.3% of the
patients failed to normalize their testosterone.

Median follow-up duration was 65.35 months (range,
6.05–92.69 months).

The intended dose coverage was satisfied for all the
PTVs and the near-maximum absorbed doses (D2%) were
within the acceptable limits.

Rectal mean dose value was 38.6 Gy (range, 33.2–42.6
Gy); mean values of V45, V50 were 26.9% (range,
20–31.8%), 16.1% (range, 11.4–20.7 %), respectively,
with maximum dose values between 59.8 and 70.9 Gy
(mean value, 66.3 Gy). Bladder mean dose was 45.4 Gy
(range, 40.6-–53.6 Gy); mean values of V50, V60 were
26.1% (range, 11.7–55.8%), 9.5% (range, 2.3–19.4%),
respectively. Regarding the dose distribution received by
the intestinal cavity, the mean value of the parameter V40
was 23.9% (range, 5.3–59%) and the mean value of
maximum dose was 49.1 Gy (range, 44.8–56.7 Gy). The
mean penile bulb dose resulted 16.2 Gy (range, 4.7–52.8
Gy).

An example of the IMRT dose distribution (in sagittal
and coronal reconstructed slices) is shown in the supple-
mentary Fig. 1.

Table 1 Patient characteristics (n= 41)

Characteristic Value

Age, yr

Mean ± DS 71.83 ± 6.14

Median 72

Range (min–max) 51–81

IQR 6

Clinical T stage, N

T1–T2b 27

T2c–T3 14

Gleason score

Range (min–max) 7–9

7, N 3

8, N 33

≥9, N 6

Biopsy core positivity (%)

Median 50

Range (min–max) 15–100

Baseline PSA, ng/ml

Median 10.45

Range (min–max) 2.13–60

IQR 12.33

<10, N 10

≥10 but <20, N 18

≥20, N 13

Androgen suppression, mo

Median 12

Range (min–max) 12–24

Recovery testosterone, mo

Median 11.4

No recovery, N (%) 3 (7)

Follow-up, mo

Median 65.35

Range (min–max) 6.05–92.68

IQR 20.57

With diabetes, N (%) 5 (12)

With hypertension, N (%) 22 (54)

With oral anti-coagulant, N (%) 10 (24)

SD standard deviation, IQR interquartile range, PSA prostate-specific
antigen, ECOG Eastern Cooperative Oncology Group, Yr years, mo
months, N (%) number of patients with percentages in parentheses

Table 2 Acute and late toxicities

Toxicity Grade 1 Grade 2 Grade 3 Total

N (%) N (%) N (%) N (%)

Acute GI 13 (32) 2 (4) 0 15 (36)

Acute GU 12 (29) 4 (10) 0 16 (39)

Late GI 6 (14.63) 1 (2.44) 0 7 (17.07)

Late GU 2 (4.88) 4 (9.76) 0 6 (14.63)

Late rectal 5 (12.20) 0 0 5 (12.20)

GI gastrointestinal, GU genitourinary
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Toxicity data

The number of patients with acute and late toxicities and
their grades are listed in Table 2.

No severe toxicity was observed and in general, radiation
therapy was well tolerated. Acute GI and GU toxicities of
any grades were observed in 36 and 39% of patients. The
only grade 2 GI toxicity was diarrhea requiring medication.
The only acute grade 2 GU toxicity was pollakiuria whose
medication was necessary until the end of radiation therapy.
None of the patients experienced grade 3 acute toxicity. The
incidence rates of late GI and GU toxicity of any grade were
17.1% and 14.6%, respectively. Concerning GI toxicity, the
rate of late grade 2 was 2.4%. None of the patients
experienced late grade ≥2 toxicity. GU toxicity rate of late
grade 2 was 9.76% (Fig. 1). None of the patients presented
grade ≥3 late toxicity.

The results regarding the main predictors of late toxicity
are shown in Tables 3 and 4. Between the clinical factors
and the planning parameters, only the diabetes and the
maximum of rectal dose distribution (D1%) appeared to be
statistically significant risk factors for the increase of

probability of late rectal toxicity. All other risk factors were
not statistically significant predictors for late toxicity.

Efficacy data

After a median follow-up of 56 months, two patients (4.9%)
experienced BR. Five-year BRFS was 95.1% (Fig. 2). Both
patients had no radiologically documented local or regional
recurrence, and received continuous ADT with a luteinizing
hormone-releasing hormone agonist only. Three months
after ADT, both patients achieved a PSA level of ≤1 ng/ml.

Discussion

The Italian phase 3 trial on hypofractionation radiation
therapy reported by Arcangeli et al. [23] showed a sig-
nificant benefit of hypofractionation PORT in high-risk PCa
patients. In such high-risk patients, there is still considerable
controversy in the literature regarding the role of pelvic
node irradiation. The rationale for pelvic irradiation is that a
nontrivial proportion of clinically localized high-risk PCa

Fig. 1 Cumulative incidence curve for late bladder (a), gastrointestinal (b), and rectal (c) toxicity
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patients have micrometastatic nodal disease that is not
otherwise apparent [17].

The RTOG 94-13 study [24–26] included patients with
an estimated ≥15% chance of LN involvement based on the

Roach formula [17]. In this study, patients were randomized
to PORT or WPRT. Patients were also randomized to total
4 months of neoadjuvant and concurrent ADT or 4 months
of adjuvant ADT. In patients treated with neoadjuvant/
concurrent ADT, the use of WPRT improved progression-
free survival as well as biochemical control. However, in
patients treated with adjuvant ADT, outcomes were
equivalent irrespective of ADT timing. In order to address
the remaining questions, RTOG 09–24 is currently accruing
patients to further examine the impact of pelvic nodal
radiation in a two-arm design. These patients will be treated
by current standards, with high-dose radiation (45 Gy to the
pelvis followed by boost to the prostate to 79.2 Gy) as well
as long-term ADT (32 months).

GETUG-01 was a French randomized trial that did not
show a benefit in overall survival or progression-free sur-
vival with WPRT, though the radiation dose (mean total
dose of 68 Gy) was low by modern standards [27]. In
contrast, Aizer et al. retrospectively demonstrated sig-
nificant improvement in biochemical control with pelvic RT
with use of higher dose (mean 75.6 Gy); however, longer
follow-up is needed [28]. A recent National Cancer Data
Base analysis [29] of more than 14,000 high-risk patients
suggested that there was no overall survival advantage with
WPRT compared to PORT, though there are inherent lim-
itations to such a retrospective analysis.

Our study was designed when little literature data was
available on toxicity and efficacy of complete pelvic irra-
diation (i.e., iliac nodes included).

Our results seem to show a good tolerability. The lower
rates of side effects that we observed, compared to the
prospective studies reporting late toxicity of prostate
hypofractionation combined with WPRT [30–32] were
likely attributed to the robustness of our planning (in terms
of severe DVH constraints for OARs and quality of dose
distribution), to an accurate daily preparation phase of the
patients to minimize the impact of the organ movement and
to permit a reliable on-line IGRT strategy.

Concerning the secondary end point, the good results
compared to the prospective studies regarding high-risk

Table 3 p value for each independent variable for late rectal toxicity with Gray’s test and HR (95% CI) and p value with Fine and Gray modified
Cox regression model

Outcome IV Gray’s test Cox regression

p HR (95% CI) p

Late rectal toxicity Diabetes 0.0398 5.89 (1.07–32.58) 0.042

Late rectal toxicity Anti-coagulant therapy 0.8515 0.81 (0.09–7.45) 0.85

Late rectal toxicity Hypertension 0.5344 0.57 (0.10–3.30) 0.53

Late rectal toxicity ADT duration 0.3296a 1.09 (0.93–1.28) 0.28

IV indipendent variable
aWilcoxon rank sum test

Table 4 p value for each independent dosimetric variable for late
toxicity

Outcome IV Cox regression

p HR (95% CI)

Bladder toxicity V50 0.95 1.00 (0.94–1.07)

Bladder toxicity V60 0.48 1.08 (0.88–1.33)

Rectal toxicity V45 0.26 1.16 (0.89–1.50)

Rectal toxicity V50 0.28 1.18 (0.88–1.58)

Rectal toxicity D1% 0.024 1.43 (1.05–1.95)

Rectal toxicitya D1% 0.07 5.00 (0.89–28.19)

Diabetes 0.035 1.36 (1.02–1.82)

Gastrointestinal toxicity V40 0.42 1.06 (0.92–1.20)

Gastrointestinal toxicity D1% 0.54 1.28 (0.80–1.61)

Bulb toxicity Dmean 0.96b

IV independent variable
aMVA Fine and Gray modified Cox regression model
bWilcoxon rank sum test

Fig. 2 Cumulative incidence curve for biochemical relapse (Cox
regression model)
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prostate patients treated with ADT and IMRT-SIB [30–32]
might have been related to the adequacy of pelvic LN
coverage, as explained by Spratt et al. [4]. Although
encouraging results need to be interpreted with caution due
to the design of our investigation.

Our study has some shortcomings. First is the delivery
technique.

An unquestioned beneficial of volumetric-modulated arc
therapy (VMAT) over fixed-gantry IMRT is represented by
the greater efficiency of delivery [33–36]. In fact, the
shorter treatment delivery time could minimize intra-
fraction organ motion impact [37, 38]. Whereas the poten-
tial of the delivery efficiency and the comparable plan
quality with regard to the static IMRT, VMAT may be
considered the elective technique for WPRT.

Second is the IGRT strategy itself. As a matter of fact, to
estimate the prostate motion relative to the pelvic bone, a
two-step image registration is necessary, implying the
acquisition of a cone beam CT (CBCT) prior to each
treatment. This technology was implemented later in our
Institute, so we could apply the more adequate dual regis-
tration strategy starting from 2013 onward. Finally, the
RTOG alone may not be an adequate way to evaluate
toxicity patient, with a validated instrument for patient-
reported outcomes is preferable.

A more comprehensive measurement system may be able
to assess more subtle but still clinically relevant morbidity
associated with each treatment [39].

Conclusions

We reported the toxicity and efficacy results of a phase II
trial regarding the high-risk prostate cancer patients treat-
ment paradigm combining dose hypofractionation, irradia-
tion of pelvic nodes (common iliac nodes included), and
concurrent ADT. Overall, low level of toxicities and good
effectiveness were measured.

This treatment strategy may merit further investigation in
a phase III randomized trial to confirm its safe efficacy and
effectively.
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