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Abstract

Background: Unity Elekta is a unique magnetic resonance (MR)-linac that conjugates a 1.5 Tesla MR unit with a 7
MV flattening filter free accelerator.A prospective observational study for the clinical use of Elekta Unity is currently
ongoing in our department. Herein, we present our preliminary report on the feasibility, quality of life, and patient-
reported outcomes measures (PROMs) for localized prostate cancer (PC) treated with stereotactic body radiotherapy
(SBRT).

Methods: The SBRT protocol consisted of a 35 Gy schedule delivered in 5 fractions within 2 weeks. Toxicity and
quality of life (QoL) were assessed at baseline and after treatment using the Common Terminology Criteria for
Adverse Events v5.0, International Prostatic Symptoms Score (IPSS), ICIQ-SF, IIEF-5, and EORTC-QLQ-C30 and PR-25
questionnaires.

Results: Between October 2019 and January 2020, 25 patients with localized PC were recruited. The median age
was 68 years (range, 54–82); 4 were low risk, 11 favorable intermediate risk (IR) and 10 unfavorable IR. Median iPSA
was 6.8 ng/ml (range, 1–19), and 9 of these patients (36%) received concurrent androgen deprivation therapy.
Median prostate volume was 36 cc (range, 20–61); median baseline IPSS was 5 (range, 0–10). Median time for
fraction was 53 min (range, 34–86); adaptive strategy with daily critical structure and target re-contouring and daily
replanning (adapt to shape) was performed in all cases. No grade ≥ 3 adverse event was observed, three patients
(12%) reported grade 2 acute genitourinary toxicity (urinary frequency, urinary tract pain and urinary retention),
while only one patient reported mild rectal pain. No relevant deteriorations were reported in PROMs.
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Conclusion: To the best of our knowledge, this is the first experience reporting feasibility, clinician-reported outcome
measurements, and PROMs for 1.5 T MR-guided adaptive SBRT for localized prostate cancer. The preliminary data
collected here report optimal safety and excellent tolerability, as also confirmed by PROMs questionnaires. Moreover,
the data on technical feasibility and timing of online daily adapted planning and delivery are promising. More mature
data are warranted.

Trial registration: Date of approval April 2019 and numbered MRI/LINAC n°23,748.
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Introduction
In the case of localized prostate cancer (PC), active sur-
veillance, surgery and radiotherapy represent viable thera-
peutic options due to similar long-term oncologic
outcomes [1]. According to the treatment received, geni-
tourinary side effects are more pronounced after surgery,
whereas rectal toxicity represents the most common ad-
verse event after radical radiotherapy (RT). Finally, the ac-
tive monitoring can be affected by a higher incidence of
distant metastases compared to active therapies, although
lower rates of patient-reported harms are described [2].
Furthermore, the effects on quality of life among prosta-
tectomy, 3-dimensional conformal RT and active monitor-
ing were reported by the Protect Trial [1]. 3-dimensional
conformal RT has resulted in a limited negative impact on
patient reported outcomes (PROMs) of urinary contin-
ence, whereas late bowel function has been worse com-
pared to the other Protect Trial arms [3].
Clinical experiences in PC RT by means of intensity-

modulated and image-guided techniques (IMRT-IGRT)
have demonstrated a lower probability of RT-related ad-
verse events [4–6]. These RT-technological and tech-
nical advances have allowed clinicians to deliver higher
radiation doses to the target with similarly limited toxic-
ities. To date, moderate PC hypofractionation represents
the standard of care [7, 8]. Moreover, since 2014, the
National Comprehensive Cancer Network (NCCN)
Guidelines [9] have stated that, in centers with appropri-
ate technology and expertise, extreme hypofractionated
treatment could be considered as a potential option to
offer for selected localized PC. Since then, more robust
evidence and new technological platforms are consoli-
dating the role of extreme hypofractionation (also
known as stereotactic body radiotherapy - SBRT) for lo-
calized PC [10–12].
Elekta (Stockolm, Sweden) Unity is a unique magnetic res-

onance (MR)-linac that conjugates a 1.5 Tesla MR unit with
a 7 MV flattening filter free accelerator mounted on a rotat-
ing gantry system, enabling the daily verification of real-time
patient anatomy, and allowing daily treatment planning.
A prospective observational study for the clinical use of

Elekta Unity is currently ongoing in our department. Herein,
we present our preliminary report on the feasibility, quality

of life and patient-reported outcomes measures (PROMs) for
localized PC treated with stereotactic body radiotherapy
(SBRT).

Materials and methods
The present study depicts the PC subgroup of the on-
going prospective observational study, which had re-
ceived approval from the local Ethical Committee on
April 2019 (MRI/LINAC n°23,748).
The inclusion criteria of the present study were: age >

18 years, Karnofsky index > 70% (Eastern Cooperative
Oncology Group (ECOG) Performance Status ≤2), PSA <
20 ng/ml, histologically proven prostate adenocarcin-
oma, cT1-T2 stage, no pathological lymph nodes on
computed tomography (CT) and magnetic resonance
imaging (MRI), no distant metastases, no previous pros-
tate surgery other than transurethral resection of the
prostate (at least a 6-week interval before the initiation
of RT), no malignant tumors in the last 5 years, Inter-
national Prostate Symptom Score (IPSS) 0–15, combined
androgen deprivation therapy (ADT) according to risk
category.
The exclusion criteria were: prostate size greater than

80 cc, clinically positive nodes or a lymph node involve-
ment risk > 15%, previous transurethral resection of the
prostate (TURP) less than 6 months before RT, previous
prostate surgery other than TURP, previous pelvic ir-
radiation, MRI contraindications (electronic devices such
as pacemakers, defibrillators, deep brain stimulators,
cochlear implants or foreign metal bodies or aneurysm
clips or severe claustrophobia), the inability to obtain
written informed consent. For each patient, specific in-
formed consent was collected.

1.5 T MR-guided radiotherapy
Before simulation (planning CT and MRI) and each frac-
tion, patients were instructed to have their bladder half
full (500 cc of water 15–20min before the session) and an
empty rectum. After consultation, all patients underwent
a CT simulation scan with a slice thickness of 3-mm for
dose calculation purposes, followed by a high-resolution
MR scan acquired by Elekta Unity. A T2-weighted MR
scan was acquired during simulation and prior to each
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fraction. In the case of low-risk PC, the clinical target vol-
ume (CTV) was the prostate gland only, whereas in the
case of intermediate-risk PC, the entirety of the seminal
vesicles (SV) was included. The planning target volume
(PTV) consisted of CTV + 5mm margins in each direc-
tion, except 3 mm posteriorly, according to previously
published experiences [12]. As organs at risk, the rectum,
bladder, penile bulb, urethra, and femoral heads were
delineated.
The SBRT schedule consisted of five fractions of 7 Gy

(total prescription dose, Dp, equal to 35 Gy) for all pa-
tients delivered on 5 consecutive days, corresponding to
normalized total doses of 2 Gy per fraction (NTD2) be-
tween 70 and 85 Gy for an α/β estimated between 3 and
1.5 Gy for PC.
The dose distribution was normalized to assure that at

least 95% of the PTV received at least 95% of Dp (33.2
Gy), while less than 2% of the PTV received 107% of Dp
(37.5 Gy). By considering that less than 1 cm3 of the
PTV overlapping the rectum, bladder, and urethral
planning-risk-volume (i.e., 3 mm isotropic expansion
from the urethra) had to receive Dp, no less than 95%
Dp (33.2 Gy) had to be assured to 95% of the PTV-
minus-any-overlap with the rectum, bladder, or urethral
PRV. However, 98% of any of such three overlapping
volumes needed to receive at least 32 Gy [6].
Baseline treatment plans were generated using static

field intensity modulated radiotherapy (IMRT) delivered
with 16 beams.
Constraints for planning approval were the following:

(1) for the rectum: V18 Gy ≤ 35%, V28 Gy ≤ 10%, V32
Gy ≤ 5%, Dmax ≤35 Gy; (2) for the bladder: Dmax ≤35
Gy; (3) for the urethral PRV Dmax ≤35 Gy. Dmax was
always referred to the hottest 1 cm3 of the conceived
organ at risk.
The two treatment plan “adaptive” strategies available

for Elekta Unity are ‘adapt-to-position’ (ATP) and
‘adapt-to-shape’ (ATS). For ATP, daily delineation is nei-
ther needed nor possible, and only the (isocenter) pos-
ition is modified in the pre-treatment CT. In the case of
ATS, the daily MRI is re-contoured to adapt the treat-
ment plan of the day [13].
In the PC SBRT patients group presented here, ATS

was performed for all patients in every session [13]. In
detail, prior to each fraction, a new T2-weighted MRI se-
quence (preMRi) was performed and rigidly registered to
the simulation MR.
Through deformable registration, the original set of

contours was projected onto the daily preMRi and hence
edited, as necessary, by the physician. A full re-
optimization, such as starting from fluence, was per-
formed by the physicist and, within the second
optimization phase (i.e. the segmentation phase), a second
verification MRI scan was acquired to test whether the

deformations of the bladder and/or rectum were negli-
gible. If not, the patient was prepared again (by oenema
and/or drinking), and only after this repositioned for treat-
ment. If yes, the treatment was delivered with patient
monitoring by cineMRi, typically acquired on two coronal
and sagittal planes. At the end of the delivery, a further
post-MRi scan was performed, to estimate the intra-
fraction organ motion.

Study endpoints and statistical analysis
The primary endpoint of the present analysis was a quality
of life (QoL) evaluation based on PROMs. The secondary
endpoint was clinician-reported toxicity measured at the
last treatment session. Toxicity was assessed according to
the Common Terminology Criteria for Adverse Events
(CTCAE) scale, v5.0.

Table 1 Baseline patients’ and treatment characteristics

Age:

- Median (years) 68

- Range (years) 54–82

PSA:

- Median (ng/ml) 6.8

- Range (ng/ml) 1–19

Class of Risk:

- Low 4 (16%)

- Favorable Intermediate 11 (44%)

- Unfavorable Intermediate 10 (40%)

Androgen deprivation therapy:

- Yes 9 (36%)

- No 16 (64%)

Prostate Volume:

- Median (cc) 36

- Range (cc) 20–61

IPSS score:

- Median 5

- Range 0–15

Overall Treatment Time:

- Median (minutes) 41

- Range (minutes) 20–61

Table 2 Acute Toxicity Rates (CTCAE v.5)

Genitourinary (frequency, urgency, pain)

G2: 3 (12%)

G1: 6 (24%)

Gastrointestinal (rectal pain)

G2: 1 (4%)

G1: 2 (8%)
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PROMs and QoL were investigated with the following
questionnaires:

– International Prostatic Symptoms Score (IPSS)
– EORTC Quality of Life Questionnaire-Core 30

(EORTC QLQ-C30) and EORTC QLQ-PR25
– Expanded Prostate Cancer Index Composite-26

(EPIC-26)
– International Consultation on Incontinence

Questionnaire- Short Form (ICIQ-SF)
– International Index of Erectile Function – 5 (IIEF-5)

IPSS scores at subsequent time points were classified
into three groups as defined by the American Urological
Association classification, i.e. ‘mild’ (IPSS 0–7), ‘moder-
ate’ (IPSS 8–19), or ‘severe’ (IPSS 20–35) symptoms.
The QLQ-C30 includes functional scales and single-item
questions. All scales and single-item scores range from 0
to 100. A high functional scale score represents a healthy
level of functioning; a high score for the global health
status represents a high QoL, while a high score for a
symptom scale, bowel score or urinary score represents
a high level of symptomatology [14]. The European
Organization for the Research and Treatment of Cancer
Quality of Life Questionnaire–Prostate 25 (EORTC
QLQ-PR25) is complementary to the general cancer
EORTC QLQ30 questionnaire and is designed for PC
patients. This questionnaire has 25 items examining
urinary and bowel symptoms, sexual activity and func-
tion, and treatment-related symptoms, using a 4-point
Likert response scale [15].
The Expanded Prostate Cancer Index-Composite

(EPIC) is a PROM developed to monitor health-
related QoL outcomes among PC patients. The 26-
item version of EPIC, also known as EPIC Short
Form or EPIC-26, contains five symptom domains

(urinary incontinence, urinary irritative/obstructive,
sexual, bowel, hormonal), scored from 0 (worst) to
100 (best), tracked over time to understand symptom
burden, functional outcomes and the impact of side
effect management strategies [16].
The International Index of Erectile Function – 5 (IIEF-

5) questionnaire consists of only five questions and each
IIEF-5 item is scored on a five-point ordinal scale where
lower values represent poorer sexual function. The pos-
sible scores for the IIEF-5 range from 1 to 25, and a
score above 21 was considered as normal erectile
function.
The International Consultation on Incontinence Ques-

tionnaire Short Form (ICIQ-SF) is a brief PROM for
evaluating the frequency, severity and impact on QoL of
urinary incontinence, scored on a scale from 0 to 21.
Data analysis was performed with SPSS (version 20.0;

IBM, Armonk, USA). The Wilcoxon signed rank test
was applied. Significance was noted for p-values ≤0.05.

Results
Between October 2019 and January 2020, 25 consecutive pa-
tients affected by low or intermediate-risk PC were treated at
the Advanced Radiation Oncology Department of the IRCCS
Sacro Cuore Don Calabria Hospital in Negrar, Verona, by
means of 1.5 T MR-guided adaptive SBRT.
Four patients (16%) were affected by low risk PC, with

the remaining 21 (84%) by favourable intermediate (11)
and unfavourable intermediate (10) risk PC.
Six-months of androgen deprivation therapy was concomi-

tantly administered in 9 (36%) unfavourable intermediate risk

Fig. 1 International Prostate Symptom Score (IPSS)

Table 3 International Prostate Symptom Score (IPSS)

Baseline (Mean ± SD) Post-RT (Mean ± SD) p

IPSS score 5.4 ± 3.7 7 ± 4.5 0,07
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PC cases. One patient affected by unfavourable intermediate
risk refused androgen deprivation therapy. No treatment
interruption occurred.
In Table 1, the baseline patients and treatment charac-

teristics are reported.
For all patients analyzed herein, clinician-reported out-

come measurements and PROMs were collected at the
end of treatment.

Clinician-reported outcome measurements
Early toxicity scored by clinicians according to the
CTCAE scale v5.0 is shown in Table 2.
No grade 3 or higher acute toxicity measured by any

symptom at any study time point was observed. Three
patients (12%) suffered grade 2 acute genitourinary tox-
icity (one with urinary frequency, another with urinary

tract pain, and the last with urinary retention), registered
at the end of treatment. One out of these three patients
had poor baseline IPSS with mild urinary tract obstruc-
tion symptoms. Only one patient (4%) experienced acute
grade 2 GI at the last session of radiotherapy.

Patient-reported outcome measurements
Patients completed the questionnaires on the first and
last day of radiotherapy. All patients completed the IPSS,
EORTC QLQ-C30 and QLQ-PR25, EPIC-26, ICIQ-SF
and IIEF-5 questionnaires. The questionnaire had been
translated into Italian according to the translation pro-
cedure of the EORTC QL Study Group.
With regard to the IPSS scores, it is notable that 35%

of patients already reported moderate symptoms (IPSS
7–10) at baseline. Median IPSS scores were 5 both at

Fig. 2 Quality of Life Questionnaire for Patients with Prostate Cancer (EORTC QLQ-PR25)

Fig. 3 Expanded Prostate Cancer Index Composite-26 (EPIC-26)
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baseline and at the end of MR-guided adaptive SBRT,
while mean IPSS scores were 5.4 and 7, respectively
(p = 0.0005) (Fig. 1; Table 3).
The low incidence of early grade ≥ 2 GI clinician-

reported toxicity was confirmed by low bowel scores de-
rived from the QLQ-PR25 questionnaire. The most
common patient-reported GI symptom was G1 rectal
pain at the end of treatment. The bowel scores derived
from the QLQ-PR25 questionnaire showed no signifi-
cant increase at the end of MR-guided adaptive SBRT.
Patient-reported urinary toxicity, assessed using the

QLQ-PR25 urinary symptom scale, showed a similar
pattern as the clinician-reported outcome scores with no
significant increase at the end of MR-guided adaptive
SBRT (Fig. 2, Table 3). Increased urinary frequency and
urge symptoms were the most common early toxicity
symptoms, whereas urinary incontinence was uncom-
mon, as shown in EPIC-26 questionnaire (Fig. 3,
Table 4).
A similar trend was observed for the QoL results de-

rived from the EORTC QLQ-C30 questionnaire (Fig. 4).
None of the functional scales showed a clinically rele-
vant difference (i.e. difference of 10 points or more) at
any of the study time points with the exception of phys-
ical functioning, which decreased from 94.5% ± 10.4% at

baseline to 91.6% ± 12.6% at the end of MR-guided adap-
tive SBRT.
Only items regarding insomnia and constipation wors-

ened at the end of treatment compared to baseline
values. Global health status values were 72.5 and 72.1%
at baseline and at the end of treatment, with no statisti-
cally significant difference (Table 5).
IIEF-5 and ICIQ-SF questionnaires showed no statisti-

cally significant worsening of erectile function and urin-
ary incontinence at the end of radiation treatment when
compared to baseline values (Fig. 5, Tables 6 and 7).

Discussion
In the management of localized PC, the use of SBRT as pri-
mary treatment is steadily increasing. Crucial components
to improve this therapeutic approach in daily clinical prac-
tice are the proper selection of patients in terms of pre-RT
genitourinary functioning, adequate technological equip-
ment, and dedicated radiation oncologists [17].
In the context of SBRT for PC, a five session schedule

has been extensively investigated by several authors [17].
Few differences exist in QoL among the RT modalities,
with SBRT using 35–40 Gy/5 fractions and resulting in
lesser bowel QoL impact, whereas brachytherapy has a
greater impact on urinary obstruction [17].

Table 4 Quality of Life Questionnaire for Patients with Prostate Cancer (EORTC QLQ-PR25)

EORTC QLQ-PR25 Baseline (Mean ± SD) Post-Rt (Mean ± SD) p

Urinary Symptoms 10.2 ± 3.1 10.3 ± 3 0.21

Incontinent Aid 1.1 ± 0.5 1.1 ± 0.5 1

Bowel Symptoms 4.3 ± 0.6 4.5 ± 1.8 0.33

Hormonal-treated Related Symptoms 6.9 ± 1 6.8 ± 1.2 0.19

Sexual Activity 3.2 ± 1.7 3.2 ± 1.5 0.71

Sexual Functioning 7.2 ± 4 6.3 ± 3.4 0.76

Fig. 4 EORTC Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30)

Alongi et al. Radiation Oncology           (2020) 15:69 Page 6 of 9



Elekta Unity is an innovative system for RT that conju-
gates 1.5 Tesla MRI with 7 MV FFF linac. After the in-
stallation phase in our Advanced Radiation Oncology
Department, the first patient affected by localized PC
was treated in October 2019. Herein, we report prelim-
inary data in terms of clinician-reported outcome mea-
surements and PROMs in a series of 25 localized PC
patients treated by means of 1.5 T MRI-Guided adaptive
SBRT using ATS workflow. Briefly, ATS (daily recon-
touring of structures of interest and daily adapted re-
planning) allows clinicians to reshape the dose based on
daily changes in the shape, size and position of target
volume and OARs, enabling daily accurate dose delivery
with real-time visualization of the patient’s anatomy [13,
18]. Early assessment of clinician-reported outcome
measurements and PROMs does not permit drawing de-
finitive conclusions. Despite being preliminary, these
data may be of great interest to the scientific commu-
nity. First of all, Elekta Unity represents a new system
for the oncologic community with limited worldwide dif-
fusion, and implies new challenges for both users and
patients. It is known that MRI-scanning could increase
claustrophobia and anxiety in oncologic patients, affect-
ing their quality of life [19]. Furthermore, treatment
compliance and acceptance among patients could be
negatively influenced by the overall fraction time. In fact,
the session time is longer using adaptive MRI-guided RT
compared to other devices adopted in PC RT. In our ex-
perience, the median fraction time was 56min (range,

34–86min). As previously reported, the ATS workflow
is longer than the ATP strategy, resulting in more ad-
vanced plan adaptations that meet the clinical dose cri-
teria [13].
To the best of our knowledge, this is the first report

evaluating QoL and PROMs during 1.5 T MR-guided
SBRT for prostate cancer. Similarly, Bruynzeel et al. [20]
recently published an early toxicity report using a different
MRI-guided SBRT (0.35 T MR, MRIdian system - View-
Ray Inc.) in a large prostate cancer sample size. Regarding
the PROMs, Bruynzeel et al. [20] recorded a significant
worsening of the role-functioning domain.
Concerning the preliminary findings reported here, the

EORTC QLQ-C30 questionnaire showed no difference
from baseline to the end of treatment. More specifically,
the functional scales, including emotional and role-
functioning domains, were not affected by the patient’s
anxiety potentially related to such complex radiation
treatment procedures. Conversely, a slight impairment
of the physical functioning item was noted. This domain
decreased by approximately 3.1% from baseline to the
end of treatment. This functional decline for prostate
cancer patients is not new in active therapy. In fact, a
prospective longitudinal cohort study [21] documented
that, for men with newly diagnosed localised PC, phys-
ical distress was significantly more common following
surgery and radiotherapy than active surveillance.
Bruynzeel et al. [20] observed low incidence of early

GI and GU toxicities using 0.35 T MRI-guided SBRT for

Table 5 Expanded Prostate Cancer Index Composite-26 (EPIC-26)

EPIC-26 Baseline (Mean ± SD) Post-Rt (Mean ± SD) p

Urinary Incontinence 91.4 ± 16 87.1 ± 20.3 0.18

Urinary/ irritative/Obstructive 83 ± 15.2 78.9 ± 21.3 0.25

Bowel 91.4 ± 9.6 91 ± 14.7 0.90

Sexual 43.5 ± 25.7 36.7 ± 22.4 0.12

Hormonal 88.8 ± 12 89.2 ± 14.4 0.84

Fig. 5 Panel left: International Index of Erectile Function – 5 (IIEF-5). Panel right: International Consultation on Incontinence Questionnaire- Short
Form (ICIQ-SF)
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prostate cancer, both in clinician- and patient-reported
outcome measurements. Specifically, the maximum cu-
mulative grade ≥ 2 early GU and GI toxicity was 23.8
and 5.0%, respectively. In our study population, the
grade ≤ 2 GU and GI toxicities were 12 and 4%, respect-
ively. No grade 3 or higher acute toxicity was observed.
In the present analysis, the QLQ-PR25 urinary symp-

tom scale showed a similar pattern compared to
clinician-reported outcome measurement scores with no
significant increase at the end of treatment. Moreover,
increased urinary frequency and urgency symptoms were
the most common early toxicities, whereas urinary in-
continence was uncommon, as shown in the EPIC-26
questionnaire. The median IPSS scores were 5 both at
baseline and at the end of MR-guided adaptive SBRT,
while mean IPSS scores were 5.4 and 7, respectively
(p = 0.0005).
Moreover, IIEF-5 and ICIQ-SF questionnaires showed

no statistically significant worsening of erectile function
and urinary incontinence at the end of radiation treat-
ment. In regard to prostate SBRT, a previous study
showed promising results about erectile function with-
out significant difference from other radiotherapy tech-
niques, evaluated by the sexual items of the EPIC-26
instrument [22].

Conclusion
To the best of our knowledge, this is the first investiga-
tion reporting clinician-reported outcome measurements
and PROMs for 1.5 T MR-guided adaptive SBRT for lo-
calized PC. The preliminary data collected here report
optimal safety and tolerability, as also confirmed by
PROMs questionnaires. Long-term data are warranted.
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