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Objective: To report preliminary results of a cutting
edge extreme hypofractionated treatment with concom-
itant boost to the dominant lesion for patients with early
stage prostate cancer (PCa).

Methods: AIRC-IG-13218 is a prospective Phase Il trial
started in June 2015. Patients with low and interme-
diate risk PCa who met the inclusion criteria underwent
extreme hypofractionated radiotherapy to the prostate
(36.25Gy in 5 fractions) and a simultaneous integrated
boost to the dominant intraprostatic lesion (DIL) to
37.5Gy. The DIL was identified by a multiparamentric MRI
(mMpMRI) co-registered with planning CT. Toxicity was
assessed according to CTCAE v4.0 and RTOG/EORTC
criteria. The preliminary evaluation of the first 13 patients
was required to confirm the feasibility of the treatment
before completing the enrollment of 65 patients.

INTRODUCTION

Prostate cancer (PCa) is the most common tumor in Euro-
pean males. Nowadays though, due to improvement of
screening programs and diagnostic techniques, the majority
of patients are diagnosed in early stage (95% are non-met-
astatic). Treatment options for low and intermediate risk
diseases usually consist of active surveillance, surgery,

Results: The first 13 patients completed the treatment
between June 2015 and February 2016. With a median
clinical follow-up of 17 months (range 11-26), no Grade 3
or 4 early toxicity was reported.

Conclusions: Our preliminary data about early toxicity of
an extreme hypofractionated schedule with concomitant
boost on the DIL are encouraging. The higher number of
patients expected for the trial and a longer follow-up are
needed to confirm these results.

Advances in knowledge: The use of mpMRI to iden-
tify and boost the DIL is an innovative and interesting
approach to PCa. Our preliminary findings suggest that
dose escalation using DIL boost and extremely hypof-
ractionated radiotherapy regimens might be a safe
approach, allowing for short and effective treatment of
organ-confined PCa.

external beam radiation therapy and brachytherapyBRT).
Due to PCa peculiar radiobiological features, that is a very
low a/p ratio, in the past few years a great interest has been
focused on hypofractionated radiotherapy. This may lead to
an improvement of the therapeutic ratio, with higher prob-
ability of local control and decrease of toxicity. Moreover,
hypofractionated regimens are often a better choice both
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for the patient, who can be treated in few days, with better quality
of life and lower economic impact, and for the Center, which can
reduce waiting lists. Some studies have been performed and are
still ongoing with the aim of assessing feasibility, toxicity outcome
and effectiveness of extreme hypofractionated schedules, which
require advanced techniques and technologies. These trials have
been conducted using a stereotactic approach, delivering high
doses (6.7-10 Gy) in 5 fractions, pointing out the feasibility of
such regimens.

In parallel, dose escalation has been investigated, showing benefit
in terms of tumor control. The majority of dose escalation studies
include conventional fractionation regimes. Most recently, dose
escalation with boost to the dominant intraprostatic lesion (DIL)
within conventional fractionation has been studied.>”

The aim of this prospective Phase II is to assess the feasibility
of an extreme hypofractionated schedule with a simultaneous
integrated boost on the DIL. Our study combines dose escala-
tion (limited to DIL) and extreme hypofractionated radiotherapy
concepts. This is the report of the ad interim analysis planned
after treatment of the first 13 patients.

METHODS AND PATIENTS
Study design

The study protocol has been previously published,* so will be
briefly described.

The primary endpoint of the study is feasibility, in terms of inci-
dence of early effects, evaluated at the end of treatment and within
a month after, according to Radiotherapy Oncology Group/
European Organization for Research and Treatment of Cancer
(RTOG/EORTC) scale: every Grade 3 or 4 event is considered
as “failure”. Late toxicity, as a secondary endpoint, is evaluated
at 6, 12 and 24 months after treatment completion, according to
Common Terminology Criteria for Adverse Events (CTCAE)
v 4.0 and RTOG/EORTC scale. Cumulative toxicity is defined as
the worst event experienced by the patient.

Further secondary endpoints, investigating efficacy, include
biochemical response (through 3-monthly prostatic specific
antigen evaluation), time to biochemical failure, disease-free
survival (both local and distant), cause-specific survival and
overall survival.

Treatment-related quality of life, according to EORTC question-
naires QLQ-C30 and QLQ-PR25, International Prostatic Symp-
toms Score (IPSS) and International Index of Erectile Function
(IEEF-5), is also evaluated.

Furthermore, we decided to examine the role of multiparametric
MRI (mp-MRI) in identifying the tumor and in guiding treat-
ment planning, given the increasing use of MRI in PCa staging
before treatments.

The last part of our work is addressed to the identification of
molecular prognostic factors for aggressive PCa, through the
implementation of MRI-guided biopsy of intraprostatic lesions.

Timon et al

Table 1. Inclusion and exclusion criteria

Histologically confirmed prostate adenocarcinoma

Very low, low and intermediate NCCN risk
categories

Age >18 years

Good performance status (ECOG <2)

Inclusion criteria No previous pelvic radiotherapy

No previous prostatectomy

Good urinary flow (peak flow >10 mls™")

Ability to complete questionnaires about quality
of life

Written informed consent signed

Extracapsular tumor or locally advanced disease
(cT3-cT4)

Nodal involvement or distant metastasis (cN1 or
cM1)

IPSS questionnaire score >20

Concomitant inflammatory bowel diseases

Important systemic diseases or oral anticoagulant

Exclusion criteria therapy ongoing

Non-conformity to dose constraints at the
treatment planning

Previous invasive cancer (apart from non-
melanoma skin), unless the patient has been free
from disease for at least 3 years

Mental diseases that cannot ensure a valid
informed consent

ECOG, Eastern Cooperative Oncology Group; IPSS, International
Prostatic Symptoms Score; NCCN, National Comprehensive Cancer
Network.

Inclusion and exclusion criteria are reported in Table 1.

Ethical aspects
The study has been approved by the Ethical Committee of the
Institute and registered at Clinical Trials.gov.

Treatment planning

The DIL was identified by using all images available in the
mp-MRI of the prostate: high spatial resolution small field of
view T, weighted images on three planes (axial, sagittal, coronal),
diffusion weighted images with high b value and ADC maps, as
well as dynamic contrast-enhanced images.

The mp-MRI protocol was PI-RADS compliant and involved:
sagittal, coronal and axial T, weighted images, axial diffusion
weighted and pre-contrast T; weighted images, and a dynamic
series of axial T} weighted images obtained before, during and
after injection of gadopentetate dimeglumine (Magnevist, Bayer
HealthCare, Berlin, Germany). The contrast agent was adminis-
tered with a 0.1 mmol kg" injection through a peripheral vein at
a flow rate of 3 ml s, followed by a 10 ml bolus of saline at the
same flow rate, using a mechanical injector (Spectris MR Injec-
tion System, Medrad, Leverkusen, Germany).
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Figure 1. Color wash dose distribution in sagittal plane.

The mp-MRI was then co-registered with the planning CT for
the treatment planning: the high spatial resolution small field of
view T, weighted images on the axial plane were used for the
delineation of the DIL, representing the gross tumor volume
(GTV).

The clinical target volume (CTV) was represented by the whole
prostate, identified on co-registered imaging, and the proximal
third of the seminal vesicles in intermediate risk PCa. A margin
of 3 mm posteriorly and 5 mm in all the other directions was
added to create the planning target volume for the prostate
(PTV-P) and 3 mm in all directions for the DIL (PTV-DIL). The
planning dose to PTV-P was 36.25 Gy in 5 fractions of 7.25 Gy
each, while the PTV-DIL received 37.5 Gy in 7.5 Gy per fraction
as a simultaneous integrated boost. PTVs had to be covered at
least by 95% of the prescription dose (D95% = 95% for PTV-P
and D95% = 98% for PTV-DIL); maximum dose (up to 110%)
had to be inside the DIL. The treatment has been delivered every
other day, with a total treatment time of 10 days. Figures 1 and 2
show an example of the dose distribution.

The following structures were contoured as organs at risk
(OARs): urinary bladder, rectum, posterior rectal wall, anal

Figure 2. Color wash dose distribution of the DIL in axial
plane. DIL, dominant intraprostatic lesion.

((!3%!)

canal, urethra, peritoneal cavity/bowel bag, penile bulb, penis,
testicles, femoral heads and necks, and cauda equina.

Dose-volume histograms were calculated for GTV/CTVs, PTVs
and OARs, in order to evaluate the feasibility of the treatment
plan, according to dose constraints."”

Treatment delivery

The treatment was delivered by Trilogy™ with RapidArc” tech-
nology (Varian Medical Systems, Palo Alto, CA). Before each
treatment delivery, a cone beam CT (CBCT) was acquired in
order to ensure treatment precision despite possible intra-frac-
tion errors. Patients were trained to have empty rectum and
full bladder at each treatment fraction. The use of a—1 blockers
and low doses of steroids was recommended to lower the risk of
urinary obstruction and minimize inflammatory effects.

Statistical methods

Being early toxicity the primary endpoint of the trial, a rate of
success (patients with no cumulative early toxicity grade > 3) of
95% has been considered sufficient to warrant further investiga-
tion, whereas a rate of success of 85% or less (or even one event
of rectal/urinary bladder necrosis) would have been considered
unacceptable. To test this hypothesis, the initial stage of the study
required 13 patients: the treatment schedule would have been
rejected and the study prematurely closed if 2 or more Grade 3
or 4 early events (or one necrosis) occurred in this first stage,
otherwise the trial would have proceeded with the recruitment
to a total of 65 patients.

RESULTS

Between June 2015 and January 2016, 13 consecutive patients
who fulfilled the inclusion criteria were treated in our Institu-
tion; 11 further patients were initially enrolled but then excluded
mainly due to mp-MRI findings (T3 tumors), unsatisfactory
urofluximetry or unfeasible CT-MRI fusion. The patients’ char-
acteristics are listed in Table 2. Median clinical follow-up is 17
months (range 11-26).

Dosimetric aspects

The planning goals were achieved, and dose-constraints for
OARs were respected: Table 3 shows dosimetrical data obtained
in our treatment plans. Regarding dose distribution and target
coverage, median D95% of the PTV-P, D95% of the PTV-DIL
and D98% of the GTV were 97.7%, 99.2 and 101.7%, respectively.

Toxicity

Early toxicity, the primary endpoint of the study, was assessed
at the end of treatment and 1 month later for all 13 patients: no
Grade 3 or 4 events occurred. Toxicity included increased urinary
frequency, mild incontinence, urgency, nocturia, dysuria, mild
proctitis and occasional rectal bleeding. Furthermore, no >Grade
2 events were reported within 6 months.

Early toxicity profile of the first 13 patients is reported in Table 4.

Following the results of our preliminary analysis of the first 13
patients, the study has continued. To date (December 2017), the
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Table 2. Patients’ and disease’s characteristics
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Table 3. Dose-constraints established for the current study
and dosimetrical data of our treatment plans (median and

Characteristic Value range)
Median age (range) [years] 75.4 (62.7-79.9) Dose/volume
Median initial PSA (range) [ng ml™'] 5.8 (4.3-17) OAR limits Median Range
Gleason Score Visay < 50% % 17.90 7.0-28.2
3+3 8 Vag Gy < 20% % 4.80 0.7-10.5
St 4 Visay < 10% % 1.40 0.02-23.0
i ! Rectum Visay < 5% % 0 0-16
Clinical stage (according to mp-MRI) Posterior
T2a NO 5 rectal wall D; <16 Gy Gy 15.20 10.30-15.80
T2b NO 2 Anal canal Dipean <15 Gy Gy 9.45 1.6-14.90
T2c NO 6 Posterior
. . anal canal
Risk (according to NCCN): wall Do < 16 Gy Gy 12.10 8.40-14.90
Low 3 Vi6Gy< 10% % 0.50 0-1.50
Intermediate 10 _ Vigay < 5 cm’® cm® 1.20 0.01-4.50
Medi tate volume (range) [cm’] 41.50 (24.70-61.90) prinary
edian prostate volume (range) lem : U bladder Vigay < 40% % 12.80 3.90-36.00
Number of DIL(s) Vig gy < 50% % 20.15 0.001-4.50
lesion 1 Urethra D ppax < 40 Gy Gy 36.85 36.00-38.50
2 lesi 2
cetons Hip joint
Median DIL(s) volume (range) [cm”] 1.18 (0.20-5.40) (left) Visay <5% % 0 0-1.70
Median distance of DIL from urethra (range) Hip joint
[mm] 5.9 (0.2-10.7) (right) Visy < 5% % 0 0
DIL location® Viogy <1 cm® cm’® 0 0
Peripheral zone - intermediate/cranial + apex 7 Dinean <5.4 Gy % 0.30 0.10-1.70
Peritoneal
Peripheral zone - intermediate/cranial 3 cavity Vizgy <195 cm?® cm’ 0 0-0.1
Peripheral zone - apex 3 Penile bulb Vg Gy < 50% % 0 0-6.60
Transition zone 2 Penis Visgy <1 em’ cm’® 0.01 0-0.60
Androgen deprivation therapy 1 Testicles Dy < 2 Gy Gy 0.30 0.20-0.50
DIL, dominant intraprostatic lesion; mp-MRI, multiparametric MRI; Cauda
NCCN, National Comprehensive Cancer Network; PSA, prostatic equina Dinax <19 Gy Gy 0.50 0.40-0.60

specific antigen;
?Data from 15 DILs.

enrollment of the 65 patients have been completed: they all have
been evaluated for early toxicity, and none experienced grade >3
events.

DISCUSSION

Our prospective study, including patients affected by early stage
PCa undergoing extreme hypofractionated radiotherapy with
simultaneous boost on the DIL, showed a good toxicity profile.

Since PCa is a common disease with a generally good outcome,
the pursuit of new effective, safe and affordable treatment options
should be mandatory. This is the reason why in the last decade
hypofractionated radiotherapy for localized PCa has been a
central topic and a widely investigated strategy. The possibility
to decrease treatment duration from 7 to 8 weeks to 10 days is
appealing and convenient both for patients and radiotherapy
facilities.

From a radiobiological point of view, the low a/p ratio of PCa, as
well as its resulting sensitivity to higher fraction doses compared
to surrounding normal tissues, should allow a more hypofrac-
tionated treatment, as long as OAR constraints are respected, in
order to increase therapeutic ratio.® Furthermore, the delivery of
the dose in a short time (<2 weeks) should favorably impact on
the treatment efficacy.

The dose escalation to the DIL represents the most innovative
aspect of our trial. Conventionally, the target of our treatments
has always been the whole prostate, indiscriminately. The fact
that we are now identifying and irradiating to higher dose the
actual disease could further improve the already good outcomes
of patients with early stage PCa. Few similar experiences have
been conducted using IMRT or a combination of external
beam radiation therapy and brachytherapy.”® A recent system-
atic review found that a boost to the DIL is a feasible option for
increasing the radiation dose: with an EQD, to the DIL > 80 Gy,
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Table 4. Early toxicity (median follow-up of 12 months)

Toxicity and
follow-up Type of
time toxicity Grade | Occurrences
0 12
Gastrointestinal 1 0
Early—end of 2 1
treatment 0 9
Genitourinary 1 4
2 0
0 11
Gastrointestinal 1 2
Early—at 1 2 0
month 0 9
Genitourinary 1 4
2 0

as in our study, a 10-year disease-free survival rate of 98% can
be reached.®

The use of mp-MRI is essential when performing this kind of
high-precision treatment, both in the diagnostic and in the treat-
ment planning setting. This tool, with the partnership of a dedi-
cated radiologist, allows the identification of the DIL, which can
be outlined as GTV, and a more accurate definition of the whole
prostate, since CT can overestimate prostate volume up to 30%.’
Unfortunately, it is not always possible to perform an acceptable
CT-MRI rigid fusion: even if patients undergo the two examina-
tions in a short period of time, at least 30-40 min usually pass
between planning CT scan and planning MRI, due to logistic
reasons. In this amount of time, bladder filling may change, and
so the rectum. Since the status of these two organs has a strong
impact on prostate imaging, in some cases the changes prevented
us from performing a suitable co-registration. A correct CT-MRI
fusion is mandatory to identify and correctly delineate the DIL
to safely deliver the higher dose to it, so patients whose imaging
fusion was not acceptable were excluded from the study. The
imaging fusion issue and its clinical implications have already
been studied in literature.'® Other patients had to be excluded
due to mp-MRI findings not matching the inclusion criteria (e.g.
¢T3 tumors) or to an unsatisfactory urinary flow.

Most experiences with prostate stereotactic radiotherapy have
been conducted using Cyberknife, intensity modulated radio-
therapy or Tomotherapy, usually with the implant of fiducials.'>2
A recent study used a volumetric modulated arc therapy system
and a CBCT for image guidance, instead of fiducials."® This less
invasive approach is endorsed by our Institution, in order to
avoid the implant of markers. Performing a suitable image guid-
ance without the need for implantation might be more comfort-
able for the patients, less time consuming and may prevent any
procedure-related complication.

When a high dose per fraction is delivered, an important issue
is to control intra-fraction motion, since geographical miss can
lead both to an increase of toxicity and a decrease of tumor
control. Although some tracking systems have been developed
and used to minimize this limitation, the short beam-on time
allowed by RapidArc” technology (usually less than 4 min in our
experience) should not require to check intra-fraction errors or
organ motion.

In recent literature, toxicity of extreme hypofractionated radio-
therapy is reported to be quite low, with no Grade 3 or 4 early
events."*'® Hannan et al observed that doses up to 47.5 Gy in 5
fractions resulted in high control with acceptable toxicity, while
50 Gy in 5 fractions were associated with an increase in late
high grade toxicity."” In our experience no Grade 3 or 4 events
were recorded within 1 month after treatment completion or at
6 months. We observed few mild urinary events at the end of
treatment, such as increased urinary frequency, mild inconti-
nence, urgency, nocturia, and dysuria, not different from usual
radiotherapy-related early toxicity. Similarly, only mild proctitis
and occasional rectal bleeding were reported regarding gastroin-
testinal early events.

These are preliminary but encouraging results, and allowed us to
complete the enrollment: to date, all 65 patients have been safely
treated.

CONCLUSION

To the best of our knowledge this is the first prospective study
on the DIL-dose escalation using extreme hypopfractionation.
Preliminary data of our pilot study including 13 patients with
organ confined PCa undergoing extreme hypofractionated dose
escalation using concomitant boost to mp-MRI-identified DIL
showed no limiting toxicity, so the study have been completed to
the enrollment of 65 patients. Furthermore, we started a biolog-
ical substudy, performing mp-MRI-guided biopsies of the DIL in
order to establish the potential role of some molecular markers
(PTEN, Ki-67) as prognostic factors.

We believe that the actual goal for specialists dealing with PCa
should be to identify a treatment which is equally or more effec-
tive than current treatments, better tolerated, shorter in order
to improve the patients’ quality of life, and also convenient for
both the patients and the facilities. If the results in terms of effi-
cacy and toxicity of our trial, like other ongoing studies, will be
confirmed after the evaluation of all the patients enrolled and a
longer follow-up, extreme hypofractionated radiotherapy could
be considered as the treatment fulfilling our expectations.
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