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Abstract
Purpose: This prospective registry study evaluated the feasibility of stereotactic magnetic resonance imaging (MRI)—guided radiation
therapy for the local treatment of isolated prostate cancer recurrence within the gland or prostate bed after primary radiation therapy.
Methods and Materials: Patients with isolated recurrence without any regional or distant extension after treatment by external
radiation therapy of the prostate gland/bed or by prostate brachytherapy were included. A 173-second Fast Imaging with Steady state
Precession (TrueFISP) sequence was used for MRI simulation, and the gross tumor volume was delineated using multimodal images.
The initial treatment plan varied from 27.5 Gy in 5 fractions to 38.7 Gy in 9 fractions and was adapted at each session, if necessary.
The primary endpoint was acute toxicities (according to the Common Terminology Criteria for Adverse Events v5.0 criteria).
Secondary endpoints were the effects of the adaptive treatment on target volume coverage, late toxicities, and oncologic events.
Results: Twenty patients were included. After a minimum follow-up of 6 months, grade 2 dysuria (from grade 1 at baseline; n = 1),
grade 2 polyuria (n = 1), grade 1 urinary incontinence (n = 1), grade 1 urinary pain (n = 2), and grade 1 diarrhea (n = 1) were reported.
All initial treatment plans met the tumor coverage objectives, with a mean 95% planning target volume value of 95.7%. No plan
exceeded the bladder and rectum dose constraints, but 8 exceeded the urethra dose constraints because of urethra proximity to the
planning target volume. The initial plan was adapted in 7 patients (35%). The tumor coverage improved by 3.7% compared with the
predicted plan (P = .0001) without increase in the dose to organs at risk. The biochemical control rate for the whole cohort was 75%
(15/20 patients) including the 4 patients who received androgen-deprivation therapy.

Sources of support: This work had no specific funding. Research data are stored in an institutional repository and will be
Disclosures: The authors declare that they do not have any con- shared upon request to the corresponding author.
flict of interest related to this work. D.A. is a cofounder of Nova- *Corresponding author: David Azria, MD, PhD; E-mail: david.
Gray but outside the submitted work. ViewRay Inc supports the azria@icm.unicancer.fr

Montpellier Cancer Institute with an institutional grant for research
and development.

https://doi.org/10.1016/j.adro.2021.100748
2452-1094/© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.adro.2021.100748&domain=pdf
mailto:david.azria@icm.unicancer.fr
mailto:david.azria@icm.unicancer.fr
https://doi.org/10.1016/j.adro.2021.100748
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adro.2021.100748

2 M. Michalet et al

Advances in Radiation Oncology: September—October 2021

Conclusions: MRI-guided reirradiation for isolated recurrence within the prostate or in the prostate bed appears to be safe with

excellent dosimetric results.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Prostate cancer is the most common cancer in men
in Europe.' Despite the many advances in the avail-
able treatment techniques (prostatectomy, brachyther-
apy, and external radiation therapy), recurrence
rates vary from 15% to 40% after primary external
beam radiation therapy (EBRT), depending on the
prognostic group.”” However, thanks to new prostate
imaging modalities, such as prostate magnetic reso-
nance imaging (MRI) and positron emission tomogra-
phy (PET) with choline or prostate-specific membrane
antigen (PSMA), 10% to 40% of recurrences are
detected locally and are considered as potentially cur-
able.® For many years, treatment of local recurrences
was mainly based on androgen deprivation therapy
(ADT).” Unfortunately, this treatment is only pallia-
tive, and can dramatically decrease the quality of life.®

In recent years, local treatment with curative intent
has only been considered as an option for localized
recurrences. Radical prostatectomy,”’  cryotherapy,
and high-intensity focused ultrasound'”'' have been
evaluated for local recurrences, but their efficacy and
morbidity are not optimal. Salvage treatment with
EBRT or brachytherapy is now increasingly pro-
posed.'” MR-guided radiation therapy (MRgRT) is a
new radiation therapy modality.'’ Specifically, MRI-
dian Linac is a radiation therapy system developed by
Viewray in which a 0.35 Tesla MRI system is coupled
to a multileaf collimator-equipped linear accelerator.
The system allows increasing the prescribed dose
while sparing the organs at risk (OARs) by (1)
improving the tumor/OAR delineation accuracy thanks
to better soft-tissue MR contrast compared with com-
puter tomography (CT); (2) adapting treatments to the
daily anatomy, target volumes, and OAR positioning,
using an integrated treatment planning system (TPS);
and (3) tracking targets by continuous MRI acquisition
during irradiation. This technique might be interesting
for the treatment of local recurrences of prostate can-
cer after EBRT/brachytherapy because at each frac-
tion, it allows the accurate delivery of high dose by
continuously monitoring the neighboring sensitive
OARs. The objective of this monocenter prospective
registry was to evaluate the feasibility (safety and
dosimetric quality) of adaptive MRgRT for isolated
local recurrence in the prostate gland/bed after pri-
mary radiation therapy.

Methods and Materials

Inclusion criteria

Inclusion was prospectively proposed to all patients
with isolated recurrence within the prostate or in the pros-
tate bed after primary radiation therapy (EBRT or brachy-
therapy). PET with choline or PSMA was systematically
performed to confirm the absence of visible metastases.
No histology confirmation was required if strong evidence
suggested local prostatic cancer recurrence: prostate-spe-
cific antigen (PSA) increase confirmed by 2 consecutive
measurements, lesion with high evidence of tumor recur-
rence on prostate diffusion-weighted images—MRI, and
choline or PSMA avidity in prostate. Other inclusion crite-
ria were Eastern Cooperative Oncology Group perfor-
mance status = 0 or 1, no previous intestinal or
genitourinary radiation-induced toxicity of grade 3 or
higher, >12-month interval between the primary EBRT or
brachytherapy and adaptive MRgRT, no MRI contraindi-
cation (presence of non-MRI compatible implanted cardiac
devices, claustrophobia, psychiatric disorders, metal
objects), and absence of bilateral hip prostheses (that could
alter the treatment plan quality). This study was registered
in the French Health Data Hub (registration number:
#1802) and was approved by our local research committee
(ICM-ART 2020/01). All patients signed an informed con-
sent form before treatment.

Simulation

All patients underwent CT simulation directly fol-
lowed by MRI simulation using the MRIdian apparatus
to ensure reproducibility of the anatomic configuration.
MR and CT images were rigidly registered for target vol-
ume delineation, whereas only the MR images were used
for other organs. Furthermore, for dose calculation, CT to
MR image registration was performed using an elastic
registration algorithm. No contrast agent was needed
because soft tissue contrast in MR images was considered
sufficient. During the CT simulation, MRI dummy sur-
face coils with similar electron attenuation properties to
real MRI coils were placed on the custom immobilization
device. MRI images were acquired with a Fast Imaging
with Steady state Precession (TrueFISP) sequence (T1/
T2, free breathing, 173 seconds; resolution of 1.5 x 1.5
mm,; field of view of 45 x 30 x 36 cm).
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Treatment planning

The gross tumor volume (GTV) was delineated using
the data from the MRI simulation images without injection,
MRI diagnostic images (mainly with diffusion-weighted
images), and/or PET with choline (or PSMA) images,
when useful. An isotropic margin of 3 mm was used for
the planning target volume (PTV) extension. In all cases,
GTV corresponded to a volume smaller than the entire
prostate or the prostate bed area. Dose prescription and
OAR dose constraints were determined as described in the
Groupe d'Etude des tumeurs urogénitales Association
Frangaise d'Urologie (GETUG AFU) 31 protocol."* The
initial treatment plan varied from 27.5 Gy in 5 fractions to
38.7 Gy in 9 fractions and was adapted at each session, if
necessary. The considered OARs were rectum (V27 <2
cm®; V12 <20%), bladder (V27 <5 cm®; V12 <15%), ure-
thra (V36 <1 cm’, V24 urethra + 3 mm <30%), and femo-
ral heads. Treatment planning was done using the Viewray
TPS, with normalization on D50 (100% of the prescribed
dose covers 50% of the target volume), while ensuring
95% PTV coverage within the 95% isodose.

Daily adaptive treatment workflow

Patients were positioned to target the dose to the pros-
tate gland or bed volume using the daily MR images (simi-
lar imaging protocol as the one used for simulation). After
rigid registration of the GTV, OAR contours were propa-
gated on the daily MR image using deformable image reg-
istration. If the OAR contours were not considered
optimal, online modifications were made by the physician.
The initial plan was then evaluated by the physician and
the physicist. If all dose constraints were met, no adapta-
tion was required (nonadapted fractions). If a decrease in
tumor coverage or inacceptable OAR dose constraints was
observed, the initial plan was optimized on the integrated
TPS (adapted fractions). The electron density map (trans-
ferred from the CT to the MR images) and the skin con-
tour were checked to ensure correct dose recalculation.
Quality assurance of the newly optimized plan was per-
formed by recalculating the plan with a secondary Monte
Carlo algorithm before irradiation. Tracking was ensured
by following a contrasted structure (usually the prostate)
on sagittal images obtained by cine MR. The beam was
turned off when more than 5% of the tracked structure
was outside the threshold of 3 mm from its initial position.

Clinical assessment, dosimetric evaluation,
and endpoints

The primary endpoint was acute toxicities. Secondary
endpoints were the effects of the adaptive treatment on
the target volume coverage, late toxicities, PSA response,
and death from any cause.

All toxicity events were reported according to
the Common Terminology Criteria for Adverse Events
v5.0 at each clinical examination. The International Pros-
tate Symptom Score (IPSS) was filled in at baseline (ie,
at inclusion) and every 6 months after MRgRT end. This
tool categorizes symptoms as mild (0-7), moderate (8-
19), or severe (20-35). Clinical outcomes and treatment-
related toxicity events were assessed and recorded before,
on the last day of treatment, and after MRgRT (6 weeks,
3 and 6 months). PSA was measured before and at 3 and
6 months after treatment.

For each adapted fraction delivery, the predicted plan
(initial plan on the daily image) and the delivered plan
(new plan on the daily image) were compared a posteriori
with the initial plan. PTV and GTV coverage values as
well as OAR maximum dose and volumetric doses were
recorded. Results were analyzed using the paired ¢ test
and the Prism software (« = .05).

Results

Patient and treatment characteristics at
inclusion

Twenty patients were included from October 21,
2019, to May 13, 2020. The baseline (ie, at inclusion)
patient and tumor characteristics are described in Table 1.
The median age was 76 years and all patients had a good
performance status (Eastern Cooperative Oncology
Group score 0 or 1). The median PSA level was
3.7 ng/mL (range, 0.34-34.7). Most patients had no dys-
uria (n = 16, 80%); 2 patients (10%) reported grade 1
and 2 patients (10%) grade 2 dysuria. The baseline
median IPSS score was 3 (1-33).

The primary treatment had been EBRT in 15 patients
(75%) with or without concomitant ADT, brachytherapy in 2
patients (10%), and EBRT after prostatectomy
due to increasing PSA in 3 patients (15%). The prescribed
dose (primary treatment) ranged from 66 to 80 Gy for EBRT
(median equivalent dose in 2-Gy fractions = 74 Gy) and 160
Gy for low dose rate (LDR) brachytherapy. The median
interval between EBRT/brachytherapy and MRgRT was
123.5 months (range, 21-252). Three patients (15%) had a
second treatment before inclusion in this trial: high-intensity
—focused ultrasound (n = 2) and ADT (n = 1). Four patients
(20%) received ADT during MRgRT.

The prescribed dose for MRgRT was 30 Gy in 5 frac-
tions (n = 12, 60%), 27.5 Gy in 5 fractions (n = 5, 25%),
30 Gy in 6 fractions (n = 2, 10%), or 38.7 Gy in 9 frac-
tions (n =1, 5%).

Initial treatment plans

The tumor coverage and OAR dose constraints for
each patient are summarized in Table EIl. The



4 M. Michalet et al

Advances in Radiation Oncology: September—October 2021

Table 1 Baseline patient and treatment characteristics

Characteristics N=20 %
Age
Median (range), in years 76 (66-83)
ISUP group before the primary treatment
1 5 25
2 6 30
3 3 15
4 3 15
5 2 10
Unknown 1 5
Primary treatment
EBRT or EBRT + ADT 15 75
Brachytherapy 2 10
Prostatectomy + EBRT 3 15
Irradiation dose (Gy) delivered during the primary treatment
66 2 10
70 1 5
74 8 40
76 1 5
78 2 10
80 4 20
160 (LDR brachytherapy) 2 10
Primary irradiation areas
Prostate alone 12 60
Prostate + pelvis 5 25
Prostate bed alone 1 5
Prostate bed + pelvis 2 10
Median interval between primary treatment and MRgRT (range), in months 123.5 (21-252)
ECOG score before MRgRT
0 11 55
1 9 45
PSA concentration (xg/mL) before MRgRT
Median (range) 3.7 (0.34-34.7)
Dysuria before MRgRT
Grade 0 16 80
Grade 1 2 10
Grade 2 2 10
IPSS score and symptom groups before MRgRT
Median score (range) 3(1-33) 70
Mild (1-7) 14 20
Moderate (8-19) 4 10
Severe (20-35) 2
Dose prescription for MRgRT
27.5 Gy/S fractions 5 25
30 Gy/5 fractions 12 60
30 Gy/6 fractions 2 10
38.7 Gy/9 fractions 1 5
Concomitant ADT during MRgRT
Yes 4 20
No 16 80

Abbreviations: ADT = androgen deprivation therapy; EBRT = external beam radiation therapy; ECOG = Eastern Cooperative Oncology Group;
IPSS = international prostate symptom score; ISUP = international society of urologic pathology; LDR = low-dose rate; MRgRT = magnetic reso-
nance-guided adaptive radiation therapy; PSA = prostate-specific antigen.
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prescription dose was calculated relative to the D50%
(50% of the PTV received 100% of the prescription dose)
while ensuring PTV V95% >95% (95% of the PTV
received at least 95% of the dose prescription). The
median GTV volume was 3.5 cm® (range, 0.88-20.20).
All patients met the tumor coverage objectives, with a
median PTV V95% of 95.7% (range, 95.0-98.6). The
median PTV V100% was 50% (range, 50%-94.2%)
because for some patients, the normalization had to be
adapted to respect the PTV coverage.

All plans met the rectum and bladder dose con-
straints. Nine plans (45%) exceeded the urethra dose
constraints because of its proximity with the PTV. In
10 patients (50%), the urethra dose constraints were
obtained retrospectively (not delineated on the initial
plan and considered as a minor deviation of our proto-
col). The other dose parameters are reported in
Tables E2 through E4. All patients included were

entirely treated and no treatment interruption was
required. The mean time of treatment by fraction was
43 minutes (33-95).

Acute toxicities

At baseline (ie, at inclusion, before MRgRT), 10
patients (50%) reported grade <2 genitourinary toxicities
(n = 6 polyuria; n = 3 urinary incontinence, n = 4 dysuria)
but no gastrointestinal toxicity (Table 2).

MRgRT was well tolerated with no grade >2 acute
toxicity. At the treatment end, only 1 patient reported an
increase of dysuria severity (grade 2 vs grade 1 at base-
line), and another patient grade 1 urinary incontinence
not present before treatment. Two patients presented
grade 1 urinary pain, and 1 patient grade 1 diarrhea
(Table 2).

Table 2  Genitourinary and gastrointestinal toxicities according to the CTCAE v5.0 criteria
Before MRgRT, Last day of MRgRT,
number of number of 3 months after MRgRT, 6 months after MRgRT,

Toxicity patients (%) patients (%) number of patients (%) number of patients (%)
Dysuria

20 16 (80%) 15 (75%) 16 (80%) 16 (80%)

gl 2 (10%) 2 (10%) 3 (15%) 3 (15%)

g2 2 (10%) 3 (15%) 1 (5%) 1 (5%)
Hematuria

g0 20 (0%) 20 (0%) 19 (95%) 20 (0%)

gl 0 (0%) 0 (0%) 0 (0%) 0 (0%)

g2 0 (0%) 0 (0%) 1 (5%) 0 (0%)
Urinary incontinence

g0 17 (85%) 16 (80%) 17 (85%) 15 (75%)

gl 2 (10%) 3 (15%) 3 (15%) 5 (25%)

g2 1 (5%) 1 (5%) 0 (0%) 0 (0%)
Polyuria

20 14 (70%) 14 (70%) 16 (80%) 15 (75%)

gl 5 (25%) 5 (25%) 3 (15%) 3 (15%)

g2 1 (5%) 1 (5%) 1 (5%) 2 (10%)
Urinary pain

g0 20 (100%) 18 (90%) 20 (100%) 19 (95%)

gl 0 (0%) 2 (10%) 0 (0%) 0 (0%)

g2 0 (0%) 0 (0%) 0 (0%) 1 (5%)
Diarrhea

g0 20 (100%) 19 (95%) 18 (90%) 18 (90%)

gl 0 (0%) 1 (5%) 2 (10%) 2 (10%)

g2 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Rectal bleeding

20 20 (100%) 20 (100%) 19 (95%) 19 (95%)

gl 0 (0%) 0 (0%) 1 (5%) 1 (5%)

g2 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Rectal pain

20 20 (100%) 20 (100%) 19 (95%) 19 (95%)

gl 0 (0%) 0 (0%) 1 (5%) 1 (5%)

g2 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Abbreviations: CTCAE = Common Terminology Criteria for Adverse Events; g = grade; MRgRT = magnetic resonance-guided radiation therapy.
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Three months after MRgRT end, no additional urinary
toxicity was described, and dysuria and polyuria were
reduced compared with baseline. Only 1 additional
patient reported grade 1 diarrhea with grade 1 rectal
bleeding and rectal pain.

Six months after treatment, 4 additional patients
reported genitourinary toxicities (n = 2 grade 1 urinary
incontinence; n = 1 grade 2 polyuria; n = 1 grade 2 uri-
nary pain). One patient had grade 1 rectal bleeding. No
grade >2 toxicity was observed.

The median IPSS score increased from 3 (at baseline)
to 9 at 6 months posttreatment. Seven patients changed
IPSS symptom group: 5 (25%) moved from the mild to
the moderate symptom group, 1 (5%) from the mild to
the severe symptom group, and 1 (5%) from the moderate
to the severe symptom group.

Dosimetric benefits of adaptive MRgRT

The initial treatment plans were adapted for 7 patients
(35%). Thirty-two fractions (91% of all fractions of these
plans) were adapted (only 1 fraction was adapted for 3
patients). In these patients, the mean dosimetric parame-
ters (for all fractions) of the predicted fractions (initial
plan based on the daily anatomy) and adapted fractions
(new plan based on the daily anatomy) were compared
(Table 3). Six patients (patient #5, #10, #12, #16, #19,
and #20) received adapted treatments because of insuffi-
cient tumor coverage (PTV V95%) (example in Fig 1).
PTV coverage was improved in the adapted plans and
compared with the predicted plans for 6/7 patients (mean
PTV V95% increase of 3.67%, [—0.58% to 6.90%],
P =.0001) (Fig 2) without excessive doses to the OARs
(Fig 3). One patient (patient #17) received adapted
MRgRT because of excessive dose to the rectum (pre-
dicted V12 Gy of 20.8%). After adaptation, the rectal
V12 Gy decreased below the dose constraints (V12 rec-
tum <20%), and the PTV V95% decreased from 93.5%
t0 92.9%.

Biochemical response

At month 3 posttreatment, PSA concentration was
decreased in 13 of the 16 patients (81%) who did not
receive concomitant ADT (median value: 2.75 ng/mL vs
4.20 ng/mL at baseline) and also in the 4 patients with
concomitant ADT (median value: 0.34 ng/mL vs
1.2 ng/mL at baseline).

PSA concentration increased in 3 patients (15%)
(15.6 ng/mL vs 2.04 ng/mL; 1.66 ng/mL vs 1.44 ng/mL;
and 29.98 ng/mL vs 11.37 ng/mL). Choline-based PET
imaging at 3 months showed that in these 3 patients,
disease was limited within the irradiated site without
extraprostatic spread.
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Fig. 1 Example of differences between predicted and adapted plans. In this patient, planning target volume (PTV) coverage by the
predicted fraction (baseline plan on the daily anatomy, left magnetic resonance [MR] image) was insufficient (PTV V95% = 71.70%).
The isodose 95% (green line) did not correctly encompass the PTV (red volume). After adaptation (adapted plan on the daily anatomy,
right MR image), PTV coverage was improved (PTV V95% = 96.13%) and the isodose 95% (green line) encompassed the PTV, as

planned (red volume).

At month 6 posttreatment, the biochemical control rate
for the whole cohort was 75% (15/20 patients). PSA con-
centration was decreased in 11 of the 16 patients (69%)
who did not receive concomitant ADT (median value:
1.77 ng/mL vs 4.20 ng/mL at baseline) and also in all
4 patients with concomitant ADT (median value:
0.25 ng/mL vs 1.2 ng/mL at baseline).

PSA concentration increased in 5 patients, among
whom 2 had a metastatic progression, another an intra-
prostatic recurrence (outside the reirradiation field), and
2 had no sign of disease recurrence by choline-based PET
analysis. In all patients, disease was controlled at the reir-
radiated site.

rectum V12

Discussion

In the present study, we confirmed the dosimetric
feasibility of MRgRT (~30 Gy in 5 fractions) for local
relapse of prostate cancer. All patients met the pre-
scription objective (PTV V95% >95%), and none of
them received rectum or bladder excessive doses.
Moreover, treatment was well tolerated with no grade
>3 genitourinary and gastrointestinal toxicities. Six
months after MRgRT end, 5 patients (25%) presented
grade 1 to 2 polyuria and 5 (25%) grade 1 urinary
incontinence.
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Fig. 2 Comparison of planning target volume (PTV) coverage in the predicted fractions (baseline plan on the daily anatomy images)

and delivered fractions (new plan on the daily anatomy images).
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Fig. 3 Comparison of the dose to organs at risk in the predicted fractions (baseline plan on the daily anatomy images) and delivered

fractions (new plan on the daily anatomy images).

To our knowledge, this is the first study on MRgRT
for locally recurrent prostate cancer after primary EBRT
or brachytherapy. Some studies described the results of
salvage irradiation using stereotactic body radiation ther-
apy or brachytherapy for this indication.'” The prescribed
dose varied between 100 and 145 Gy with LDR brachy-
therapy, 19 and 36 Gy (1-5 fractions) with high-dose-rate
(HDR) brachytherapy, and between 25 and 36 Gy (5-6
fractions) with hypofractionated EBRT. At the time of
the study, the GETUG AFU 31 trial (phase I/II) was the
only protocol considered as the “standard” in France by
the ethical committees. Therefore, we decided to start
with ~30 Gy in 5 fractions because this schedule was con-
sidered “acceptable” on the basis of the interim analysis
results. We could not include our patients in the GETUG-
AFU 31 trial because MRIdian Linac-based treatments
were not permitted. Therefore, we decided to wait to
have a longer follow-up for our first patients before pro-
posing a dose escalation.

Overall, acute toxicities were rare (25% of grade 1-2
polyuria at 6 months), although the presence of baseline
symptoms rendered it more difficult to evaluate the real
effect of the second radiation treatment. Only 2 patients
(10%) presented acute grade 1 urinary pain at MRgRT
end. These results are consistent with other studies on sal-
vage radiation therapy using 30 Gy in 5 fractions or 36 Gy
in 6 fractions delivered with other techniques (RapidArc,
VERO, and Cyberknife).'”"” All reported no or few grade
3 toxicities and approximately 20% of acute grade 1 to 2
genitourinary toxicities. In studies that used brachytherapy
as salvage treatment for local prostate cancer recurrence,lx’
> acute toxicities were slightly higher than in the present
study. Specifically, 29% of patients experienced grade 1 to

2 acute genitourinary toxicities when 30 Gy were delivered
in 3 fractions of HDR brachytherapy.'® Acute grade 2 geni-
tourinary toxicities varied between 13% and 93% in the
other studies using this technique.'””” Salvage LDR
brachytherapy showed similar rates of grade 1 to 2 genito-
urinary toxicities.””” The low toxicity rate observed in our
study could also be explained by the reduced volume and
lower total dose delivered compared with protocols where
the entire prostate received higher doses.”

The 2 benefits of MRgRT compared with other modal-
ities are (1) the possibility of adaptation to the daily anat-
omy and (2) the tracking of the target (ie, prostate). Both
features allow reducing the PTV margins. Therefore, the
physician can decide to adapt the dosimetric plan in
response to the daily dosimetric results. This decision is
based on the comparison of the PTV coverage and OAR
dose constraints in the initial and daily plans. Seven
patients (35%) received 35 adaptable fractions and 32
(91%) were truly adapted (finally, 3 fractions were deliv-
ered according to the initial plan). The adapted plan was
chosen when an increase in tumor coverage and/or a
decrease in OAR dose was needed. The average tumor
coverage increase (PTV V95%) was 3.7% with no exces-
sive increase in OAR dose. The benefit of adapted
MRgRT has been dosimetrically demonstrated for differ-
ent clinical indications.”’”’ Adaptation procedures
reduce the dose to the bowel,”’ improve lung tumor
coverage,28 and are beneficial in 66% of fractions
(244/371) in miscellaneous treatments.”® In our study,
only 1 patient presented a decrease of the mean PTV
coverage (PTV V95%) after adaptation. For this
patient, adaptation was based on the rectal dose con-
straints (V12 >20%). However, the priority given to
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this constraint did not drastically alter the tumor cov-
erage (PTV V95% from 93.5% to 92.9%).

A longer follow-up is needed to evaluate late toxicities
and the potential effect on the quality of life. Recent
reports show 10% to 20% of late grade >2 genitourinary
toxicities and 1% to 5% of grade >2 gastrointestinal tox-
icities.'™"~*> Most of these genitourinary toxicities are
probably related to the urethra dose that resulted in close
surveillance of our patients due to potentially more
related toxicities over time. Indeed, 1 patient received a
high dose to the urethra (V24 urethra + 3 mm = 49.7%),
but the decision was to prioritize the PTV coverage. This
patient did not report any acute urinary toxicity at the last
follow-up visit. Moreover, we decided not to follow the
GETUG AFU31 guidelines because we think that the
delineation of the urethra in the prostate path better
reflects the potential clinical urinary consequences than
the delineation on the MR image from the bladder to
2 cm below the prostatic apex. This may also explain the
many cases of exceeded dose constraints in our study.

Besides safety, the effect on the disease is another
important goal when a new radiation therapy approach is
proposed to patients with local prostate cancer recur-
rence. We evaluated the biochemical response as second-
ary endpoint. In 85% of our patients, PSA level was
decreased at the 3-month follow-up visit, and this PSA
reduction was more pronounced at 6 months (in 75% of
patients). This result is directly related to MRgRT
because only 4 patients concomitantly received ADT.
Despite the short follow-up, these preliminary results
encourage us to continue patient inclusion for the efficacy
study. Nevertheless, we think that reirradiation can
improve relapse-free survival with lower toxicity com-
pared with salvage prostatectomy, as recently confirmed
by the systematic review and meta-analysis of local sal-
vage therapies after radiation therapy for prostate cancer
meta-analysis of local salvage therapies after radiation
therapy for prostate cancer that included 150 studies (5-
year relapse-free survival rate of 60% after HDR brachy-
therapy and stereotactic body radiation therapy).””

Our study presents some limitations. First, the small
size of our sample limits the generalization of our results.
Second, the follow-up was not long enough to reach con-
clusions on the safety and efficacy of this protocol, but the
results are quite reassuring concerning acute toxicities.
Third, this single-center study needs to be expanded to
other centers to increase the sample size and the follow-
up. Finally, heterogeneity of patients, prior treatments, use
of ADT, and the reirradiation doses have to be considered
for further interpretations of the current results.

Conclusions

MRgRT is feasible for locally recurrent prostate can-
cer after primary radiation therapy. However, a strict

selection of patients is mandatory (MRI, choline-based
PET, PSA kinetics +/- biopsy) to avoid unnecessary local
treatment in patients with systemic progressive disease.
MRgRT offers adaptive possibilities that allow good
daily tumor coverage while sparing OARs, and with
acceptable acute side effects. A longer follow-up is
needed to evaluate the clinical results and late genitouri-
nary and gastrointestinal toxicities.
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