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ABSTRACT

Background and purpose: Inter-institutional studies highlighted correlation between consistent radiotherapy quality and improved overall patient survival. In
treatment planning automation has the potential to address differences due to user-experience and training, promoting standardisation. The aim of this study was to
evaluate implementation and clinical effect of a multicentre collaboratively-developed automated planning model for Intensity-Modulated Radiation Therapy/
Volumetric-Modulated Arc Therapy of prostate. The model was built using a variety of public institutions’ clinical plans, incorporating different contouring and dose
protocols, aiming at minimising their variation.

Methods and materials: A model using 110 clinically approved and treated prostate plans provided by different radiotherapy centres was built with RapidPlan (RP),
for use on intact and post-prostatectomy prostate cases. The model was validated, distributed and introduced into clinical practice in all institutions. To investigate its
impact a total of 126 patients, originally manually inverse planned (OP), were replanned using RP without additional planner manual intervention. Target and organ-
at-risk (OAR) metrics were statistically compared between original and automated plans.

Results: For all centres combined and individually, RP provided plans comparable or superior to OP for all dose metrics. Statistically significant reductions with RP
were found in bladder (V40Gy) and rectal (V50Gy) low doses (within 2.3% and 3.4% for combined and 4% and 10% individually). No clinically significant changes
were seen for the PTV, independently of seminal vesicle inclusion.

Conclusion: This project showed it is feasible to develop, share and implement RP models created with plans from different institutions treated with a variety of
techniques and dose protocols, with the potential of improving treatment planning results and/or efficiency despite the original variability.

1. Introduction

In recent years automated approaches have become popular in
radiotherapy with the aim of reducing variability in tasks which are still
heavily dependent on user-experience and training. With the wide-
spread use of inverse planning techniques, these tools have become
employed in Intensity-Modulated Radiation Therapy (IMRT) and
Volumetric-Modulated Arc Therapy (VMAT) treatment planning, due to
the development of dedicated algorithms [1-5], some of which have
been included in commercial treatment planning systems (TPS) [6-12].

These algorithms are based on different methods [1-4], however they
all aim to learn from previous site-specific treatment plans in order to
predict the optimal dose-volume constraints for organs-at-risk (OAR)
for a given prescribed dose in future patients treated with the same
anatomical target. There are a range of automated solutions available
for treatment planning, already shown by several groups to improve
efficiency and provide plans equivalent to those obtained by experi-
enced planners [6-9,11,13].

Institutions in Australia have focused on minimising variations in
radiotherapy quality, in line with the repeated finding that consistent
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radiotherapy is significantly and substantially tied to improved overall
patient survival [14-18]. As a critical step towards this objective, an
effort was made to reduce variability in treatment planning and im-
prove overall plan quality by introducing automation. These institu-
tions provided clinically approved treatment plans for a range of tu-
mour sites (prostate, head and neck and anal canal [19]), in order to
create heterogeneous training datasets, and models, with potential
benefits, as previously highlighted [20]. A similar initiative was pre-
viously promoted by Schubert et al. and Roach et al. [21,22], however
their models were created using data from a single institution, and then
distributed to other centres. Ueda et al. [23] instead looked at the
performance of a series of automated models created in different in-
stitutions using their local treatment plans, on the same two datasets
used by each centre independently.

This work presents the development and implementation of a
multicentre automated prostate cancer model across the range of par-
ticipating centres with different treatment approaches. Several series of
results for the use of automated models for prostate planning are
available [7,11,13,20,21,23,24], however, this project is unique as the
model and its validation combines contouring, planning experience,
protocols and fractionation regimens from different institutions. To
evaluate its performance, the results of the analysis conducted on the
dose distributions collected in the first months after its clinical im-
plementation are presented, looking at inter-centre and intra-centre
variability, along with the overall effect of introducing the same mul-
ticentre model across all participating centres.

2. Methods and materials

Eight radiotherapy centres, treating over 10,000 patients per year,
were included in the project. These were all public radiotherapy centres
in the state of Victoria, the second most populous state of Australia, that
use the Eclipse treatment planning system (Varian Medical Systems,
Palo Alto). To facilitate this process, the Victorian Public Sector
RapidPlan Group (VPSRG) was formed. This group comprised oncolo-
gist, therapist and physicist representatives from participating institu-
tions.

Two out of the eight centres were involved in development, training
and validation of the prostate model, specifically:

® both centres developed an individual model using the same patient
data, which was then cross-validated by the other;
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e the most reliable and consistent of the models to achieve the lowest
OAR doses without compromising target coverage (Table 1) with a
single automated optimisation was selected as the final clinical
model;

e once validated and endorsed by the remaining six participating
centres, that model was approved by the VPSRG, published in
Eclipse, and introduced into clinical practice at all centres.

In addition to developing models, the VPSRG met monthly to
oversee the implementation process. The group was in charge of stan-
dardising dose-volume-histograms constraints for all centres (VPSRG-
DVH constraints Table 1), establishing structure naming conventions,
and discussing model validation and potential improvements.

2.1. Model development

The RapidPlan automated optimisation engine implemented in
Eclipse was used for the project. A description of the engine is presented
elsewhere [7,11]. The system works by using a statistical model which
mines a library of clinically approved plans using principal-component-
analysis to establish the optimal correlation between the geometrical
and dosimetric characteristics of the plans [11]. To build the VPSRG
prostate model, a total of 135 approved and treated training prostate
plans were submitted from five of the eight participating centres. Each
treatment plan was originally created according to the local centre’s
protocol, with either IMRT or VMAT using 6MV X-rays, and fulfilling
the VPSRG DVH constraints (Table 1). These plans were created for a
variety of fractionation regimes and were a combination of intact and
post-prostatectomy treatments (PPP) (Table Al-Appendix). These di-
verse inclusion criteria were used with the goal of developing a single
versatile model applicable to a wide range of prostate patients.

All training plans were anonymised at the centre of origin then re-
imported into the model developers’ TPS. The Eclipse Model
Configuration module was then used to build and train the model. The
statistical parameters estimated in Model Configuration, and the Model
Analytics tool, in addition to treatment plan review were used to ex-
clude plans indicated as outliers for one or more structures, as pre-
viously described [10,25-27]. A total of 110 training plans were re-
tained for the trained model: 77 IMRT and 33 VMAT. Due to the
differences in planning techniques between centres and plan avail-
ability, both treatment techniques were used in the model to represent
each centre’s practice.

Table 1
Optimisation Objectives used in the RP2 model. The far right column summarises the agreed OAR DVH constraints for the VPSRG prostate model.
Model structure  Optimisation Volume (%) Dose (% or Gy) Priority VPSRG
Objective DVH constraints
PTV-high Upper 0% 101.5% 120 Clinically acceptable parameters for each
Lower 100% 100% 140 centre
CTV Upper 0% 104% 120 Clinically acceptable parameters for each
Lower 100% 103% 120 centre
Bladder Upper 0% 100% Model generated V50Gy < 50%
Line (DVH as lines obtained in the objective Model generated Model generated Model generated V60Gy < 40%

generation phase [7])

Fem Heads L-R  Line Model generated
Penile Bulb Line Model generated
Rectum Upper 0%

Line Model generated

V65Gy < 35%
V70Gy =< 25%

Model generated Model generated V35Gy < 100%
V45Gy < 60%
V50Gy =< 50%
V60Gy < 30%

Model generated 25 Mean < 52.5Gy
100% 85 V40Gy < 65%
Model generated 85 V50Gy = 50%

V60Gy < 30%
V70Gy < 20%
V75Gy < 5%
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To understand the capability of automated planning, three separate
models were initially created by two developer centres: one for the
intact prostate, one for post-prostatectomy cases, and a combined one
with both sites. Local validation was performed on all three models in
the six remaining centres not involved in model building using pre-
viously approved treatment plans (> 15 per site), and comparing OAR
and Planning-Target-Volume (PTV) dose distributions. This process
resulted in the selection of a single combined model, which was dis-
tributed to participating centres for clinical use. After planning 30 new
patients, the model was modified to increase dose objectives on the
rectum, priority on PTV and smoothing parameters. The revised VPSRG
prostate model (called RP2) was subsequently disseminated as the
standard prostate model for all clinical cases treated at the VPSRG
centres. Optimisation objectives used in the model and VPSRG stan-
dardised constraints are shown in Table 1.

2.2. Plan evaluation

To investigate the effect of introducing RP2 into participating cen-
tres, analysis was performed assessing variations in the entire cohort of
patients, and between centres. The methodology was as follows: all
centres (designated A to H) submitted validation treatment plan data,
not included in the training set, representing a sample of their prostate
patients (Table 2). These original plans (OP) were all approved by ra-
diation oncologists and originally created using “manual” inverse op-
timisation following each centre’s protocol with 6MV X-ray beams. The
validation plans were then re-optimised using the RP2 model. No
planner intervention was used on the RP2 plan and no additional dose
control structures were added for optimisation. Identical field setup as
in the OP was used in the RP2 plan. Overall plan metrics from 126
patients were accrued for analysis. For all centres the calculation was
performed with the Analytical Anisotropic Algorithm, except for one
site which used the AcurosXB algorithm (dose-to-water).

All centres OAR metrics for bladder and rectum were studied
(Bladder: V70Gy, V65Gy, V60Gy and V50Gy, Rectum: V70Gy, V60Gy,
V50Gy, V40Gy). For the PTV D98%, D2%, V95%, conformity (CI [28])
and heterogeneity (HI) indices (as (D2%-D98%)/D50%) were eval-
uated. Information on monitor units (MU) and PTV seminal vesicle (SV)
involvement was also obtained. Seminal vesicles inclusion was based on
each centre’s institutional prostate protocol. Left and right femoral
heads, and penile bulb parameters (Table 1), for the centres that rou-
tinely include it in the contouring (A, D) were also compared.

Firstly, results were studied for the combined cohort of patients
from all centres. Due to the variety of prescription doses used, metrics
were grouped into three cohorts according to prescription levels with a
similar biological-effective-dose: 66-70 Gy, 74-76 Gy and 77-78 Gy in
approximately 2 Gy per fraction. For this part of the analysis 37 (34 PPP
and 3 intact prostate, 17 of which had seminal vesicle involvement
(SV)), 40 (all intact prostate, 36 SV) and 39 patients (all intact prostate,
11 SV) were evaluated, respectively. A group with lower doses
(46-60 Gy in 2 Gy fractions) was excluded as patients were treated with

Table 2
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a combined brachytherapy boost. Secondly, the results were studied for
each centre separately, to identify any individual trends and inter-
centre differences, to assess if introducing automation could reduce
inter-centre variability.

2.3. Statistics

Descriptive statistics and sample numbers informed from the lit-
erature were used. Paired-samples t-test (a = 0.05-two-tail-test) was
used to highlight the statistical significance of the differences between
metrics obtained with the original and RP2 plans. Normality of the data
was tested prior to the analysis with the Anderson-Darling test. Seminal
vesicle involvement in the PTV and OAR doses was evaluated using a
point-biserial-correlation of the difference between the OP and RP2
analysed dose metrics (for example DeltaV70Gy for the rectum), and
the presence or not of seminal vesicles (binary variable) for each patient
for the dose groups used in the combined analysis (Minitab 17.2.1).

3. Results

During the validation stage, it became evident that the combined
model produced plans that were either dosimetrically equivalent or
superior to those obtained with the intact and post-prostatectomy
models. One developer centre found average decreases in rectum, and
bladder metrics of up to 13% and 1% respectively for the combined
model compared to the post-prostatectomy model, and found equiva-
lent doses (within 1%) between the combined and intact model. Similar
findings were reported by the other validation sites so the combined
model was selected to maximise flexibility of the final model.

3.1. Plan evaluation: structures and dose levels

For all patients combined, all dose parameters tended to be either
equivalent or lower when RP2 was used. In general, there was a larger
statistically significant improvement in bladder metrics for the lower
dose parameters, such as V50Gy, which decreased on average by 2.3%
(20.5%-OP vs. 18.2%-RP2) and 1.4% (33.2%-OP vs. 31.8%-RP2) re-
spectively for the 77-78 Gy and the 66-70 Gy dose group. A similar
trend was observed for rectal doses, except for the highest dose group
(77-78 Gy), which showed a dose increase in the V40Gy metric of 1.2%
(30.3%-OP vs. 31.5%-RP2), as shown in Table 3 and Fig. 1.

For the PTV statistically non-significant differences were observed
for D2% and D98% for the 77-78 Gy and the 74-76 Gy groups while a
small statistically significant average dose decrease of 0.5% (102.8%-
OP vs. 102.3%-RP2) was found for D2% for the lower dose group
(Table 3), which was not found for D98%. For V95% statistically sig-
nificant improvement in PTV coverage of 0.8% (98.9% vs. 99.6%)
(p < 0.001) was found for the 74-76 Gy group when RP2 was used
(Fig. 2).

CI and HI analysis showed that plans obtained with RP2 were as
conformal as the original plans (1.1 vs. 1.08, 1.09 vs. 1.12 and 1.04 vs.

Characteristics of the validation patient plans analysed. The number of intact or post-prostatectomy (PPP) patients and those with PTV seminal vesicles involvement

(SV) are shown.

Centre No of patients Prescription Dose Fractions Technique intact PPP SV
A 20 46, 64, 66 and 74 Gy 23, 32, 33 and 37 IMRT 13 7 18
B 20 70 and 78 Gy 35 and 39 IMRT 10 10 0
C 30 67.5, 70, 75.6, 76 and 77 Gy 27, 28, 36, 38 and 35 VMAT 30 0 28
D 11 50, 68, 74 and 78 Gy 25, 34, 37 and 39 VMAT 7 4 11
E 6 66, 70 and 78 Gy 33, 35 and 39 IMRT/VMAT 1 5 6
F 13 70 and 78 Gy 35 and 39 IMRT 10 3 0
G 16 70 and 78 Gy 35 and 39 IMRT 10 6 1
H 10 60, 70 and 78 Gy 30, 35 and 39 VMAT 8 2 8
Total 126 89 37 72
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.éc o8 1.05 for the 66-70 Gy, 74-76 Gy, 77-78 Gy respectively, OP vs. RP2,
2z &|ces p > 0.05). Dose distributions generated with RP2 tended to be either
% 5 2 :: :' equally or more homogenous than those for the OP plans (77-78 Gy
_.‘g ol ee° group p = 0.001, 0.06 vs. 0.05, and p > 0.05 for all the other groups).
2 For the MUs there was a small statistically non-significant average in-
%’ §8¢ crease in MUs when RP2 was used (928 vs. 935, 688 vs. 696 and 850 vs.
32 2l & : j ‘: 870 from the smaller to the larger dose group for OP vs. RP2). Looking
= Al el eao at the seminal vesicle involvement, for all dose metrics studied for
E i TT° OARs and for the PTV V95%, the point-biserial-correlation coefficient
2 (r) was, in absolute value, lower than 0.22 (Supplementary Table S1)
=2 SIS and the two-tailed test of significance (p) was always larger than 0.05,
> .| ©°0° indicating that the inclusion of seminal vesicles in the PTV made no
Z‘E § ::I : E significant difference to the RP2 model’s ability to achieve PTV cov-
§ ,[:' S erage and OAR sparing.
g — 3.2. Plan evaluation: variation across centres
S
= e
-‘.Z’ % Similarly to the combined analysis for the bladder metrics, for each
g & centre, the use of RP2 either reduced, or at least provided dose para-
b E £<% meters equivalent to the original plan for all but V65Gy for centre D for
.g =2 2832 which the average dose increased by 0.6% (11.9% vs. 12.5%) (Table 4
2 and Supplementary Table S2). Statistically significant dose reductions
g NORS were seen for many institutions and dose metrics; most notably, for
g .| 8888 centre B there was a consistent reduction on average doses for all me-
g S I trics, between 3.6% (24.6% vs. 21%) for V50Gy and 0.7% (15.2% vs.
& gl°°~¢ 14.5%) for V65Gy.
o g Similar results were obtained for the rectum. For centre A, there was
E; % B0y consistent and statistically significant reduction in average dose para-
f; g § o - -3 meters between 4% for V60Gy (19% vs. 15%) and 9.9% V40Gy (41%
236 1|2 :_' ;‘ :o' i} vs. 31.1%). For each centre, results did not show any standard deviation
T E &= T|ecdss reduction of average OAR metrics obtained by using the RP2 model
L: & = ! (Table 4 and Supplementary Table S2). Additionally, evaluating the
~b50 Eo oo« OAR metrics minimum and maximum values when comparing all
5 ;, Sz 32 centres there were still differences in the range of doses obtained by
2 ‘:‘5 & | 4444 each centre with RP2. This indicates that introducing an automated
5 3 Rl o 28 model in this case did not promote planning DVH uniformity between
g g R ! centres (for example for the bladder V50Gy centre A still ranged be-
= ‘g tween 0% and 73.2%, while centre B between 3.3% and 40%) (Sup-
fﬂg 8| 8 plementary Table S2).
E @ g For the left and right femoral heads the OP plan already provided on
£ 5 average dose parameters lower than 3% for all centres, which were
= -2 ?g 555 equivalent or lower when RP2 was used, and well within the VPSRG
L: ol - SRER constraints (Table 1). For the two centres contouring the penile bulb (A,
s 8| < >>5>5 S s e .
g = D) there were statistically non-significant differences when RP2 was
o . s used (A: 19.9 Gy vs. 18.6 Gy and D: 48.7 Gy vs. 51.4 Gy) (Supplemen-
§ g g3 tary Table S2). PTV results confirmed the trend found in the combined
= &0 § HoH A H groups with average changes within 1.5% (Table 4). A consistent
8 g E rTodg change for all centres was not found, for example for centre C coverage
§ Y © : was statistically improved, with V95% increasing on average by 1.3%
g S (98.4%-0P vs.99.7%-RP2), while for H it decreased by 1.1% (95.8%-OP
Ef 3985 vs. 94.7%-RP2).
g § é § HoH H
Sg|lE N |nxax 4. Discussion
2 g This study demonstrated a feasible and reasonable workflow to
g 2 LRI develop and implement a multicentre automated planning model. This
B § § fl j j fl was particularly notable because of the heterogeneity of the institu-
'::cg 2 '[I o< e tional planning processes, and patient populations provided by eight
é % N N==o institutions with different contouring and dose protocols. Follow-up
2 5 and refinement of the final version of the model was obtained utilising a
£ % S consortium of experienced staff from each centre, who achieved stan-
E é" g dardising the data included in the model such as naming convention
5 ol 5 and OAR dose-constraints over all centres. This group validated model
o £ g E 28 E performance and provided feedback to the final clinical version. Our
% iﬁ o 2 § § § E experience showed that a collaboration of this type has the potential to
=< develop models faster since, as previously been highlighted,

37



V. Panettieri, et al.

40

BLADDER| e 77-78Gy
35 | i B 7476y
5 - * & 66-70Gy
¥ O 77-78GyRP
30 - - T 74-76Gy RP
1 <& 66-70Gy RP
< E ¢ {
E 2% I 3
E L ¢l
s 20 - ? ]
> [ " 3{ ]
15 - . o . .
10 - L % ; % ]
5 [ -
ol
V50Gy V60Gy V65Gy V70Gy

Physics and Imaging in Radiation Oncology 11 (2019) 34-40

40 -
; { RECTUM| e 77-78Gy
s W 74-76Gy
5 - & 66-70Gy
r % O 77-78GyRP
30 - § + [] 74-76Gy RP
[ $ & 66-70Gy RP
% 25 - z ]
£ : 4
E] [ P
15 - L ]
b o E
10 - -
5 - ]
z ®
0 *
V40Gy V50Gy V60Gy V70Gy

Fig. 1. Bladder and rectal mean doses for the original (full symbols) and RP2 plans (RP-empty symbols) and associated standard errors for all centres combined data,
grouped according to the three different dose groups (66-70 Gy (diamonds), 74-76 Gy (squares) and 77-78 Gy (circles)).

development can be time-consuming [27], and more robustly due to the
prompt availability and diversity of the plans included in the model
training [20]. It was not previously shown that such a heterogeneous
input population can be used to create uniform models in a diverse plan
environment.

The initial model testing confirmed that it was not necessary to
separate the intact and post-prostatectomy cases, as the results of the
model composed of both cases provided superior plans to a post-pros-
tatectomy only model, and were equal to the intact one. Similarly, the
model performed equally well regardless of whether or not seminal
vesicles were included in the PTV.

Overall the data analysis showed that plans calculated with RP2
achieved OAR doses that were, on average, either equivalent or reduced
with respect to the original manually optimised plans. For individual
centres OAR reductions were up to 10% for the rectum, and importantly
these results were obtained using the RP2 model generated plan
without any additional planner intervention, representing a consider-
able saving in planning time. Dose reductions were consistent for some
centres in all parameters, such as centre B for the bladder and A for the
rectum (Table 4), providing consistent overall improvement of their
dose distributions. The variable improvement amongst centres high-
lights the differences in local practice prior to the introduction of Ra-
pidPlan. In the combined analysis it was noteworthy that, for the
bladder (Table 3), the improvement in OAR sparing was generally
larger for lower dose parameters (such as V50Gy), indicating that in the
original plans, each centre was focusing mainly on directing the

optimiser results toward limiting the higher doses. However, using
RapidPlan it appeared there were no additional constraints to limiting
the lower doses being applied. This represents a further potential ben-
efit of automated models which impose optimisation constraints to all
organ volume dose levels by using line objectives [7], without a plan-
ning time penalty.

While the OAR dose parameters fulfilled the initial constraints es-
tablished by the VPSRG consortium, there was no uniform reduction in
the OAR variation between centres or within each centre itself, as
hoped when introducing identical models and objectives (Tables 4 and
Supplementary Table S2). This finding is similar to other published
work [11,13,21], and it could be explained by the fact that each centre
applied its own contouring protocol, fractionation regime and beam
arrangement. Different dose schedules should be easily handled by
RapidPlan due to the availability in the dose evaluation module of re-
scaling the optimisation objectives, and the range of doses used in our
analysis showed this to be so. However, contouring and beam ar-
rangement are still dependent on the experience and training of the
person performing it, and could affect the results of the optimisation,
due to the way RapidPlan handles the overlap between OAR and target
volume [4,21]. Our results suggest that to further reduce plan varia-
bility across different centres, or within a centre, it may be necessary to
include strict contouring and/or beam arrangement guidelines along
with the model description. The VPSRG consortium aims to analyse the
results of other anatomical sites in order to understand if these findings
are specific to prostate cases, or more generalisable, as shown in

106 . 106 106 _
a S Fir;zl b S szl 7c S E};’ZI
104 } 104 104
102 R \ ~ 102
g g
100 - i 2 100 - } I .
98 ~ 98
% - L L . B A L ]
&\\\\\ L ._‘_‘_‘_L\\\ \{ AN A\ L \\\\\\\ \ L \
66-70 Gy 74-76 Gy 77-78 Gy 66-70 Gy 74-76 Gy 66-70 Gy 7476 Gy 7778 Gy

Fig. 2. PTV D2% (a), D98% (b), V95% (c) differences between the OP and RP2 plan for all centres divided by prescription doses. The column represents the mean

dose and the error bars show the standard deviation.
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Table 4

Physics and Imaging in Radiation Oncology 11 (2019) 34-40

Absolute difference in bladder, rectal and PTV mean doses calculated with the original and RP2 plans (OP-RP2) with associated standard errors for each centre’s
cohort. Positive values show reductions obtained using RP2, while negative values represent an increase in dose using RP2. Values in bold represent statistically

significant differences.

BLADDER RECTUM PTV

Centre  V50Gy (%) V60Gy (%) V65Gy (%) V70Gy (%) V40Gy (%) V50Gy (%) V60Gy (%) V70Gy (%) V95% (%) D2% (%) D98% (%)

A 19 £ 1.0 09 +06 -09=*09 -01=02 9.9 = 2.1 8.1 + 1.8 4.0 = 1.0 0.1 = 0.4 0.5 * 0.2 0.6 = 0.3 0.3 £ 0.2
B 3.6 = 1.7 1.5 + 0.3 0.7 £ 0.3 1.5 + 0.4 0.4 = 0.8 0.7 £ 0.5 14+11 -02=04 0.1 £ 0.2 1.4 = 0.2 0.1 = 0.1
C -0.2 £ 04 0.0 = 0.2 0.0 = 0.2 0.1 £ 0.2 0209 -02%x06 -01=04 02+03 -13x03 -05=*02 -01=01
D 1820 -03*x04 -06=*x02 -02x02 -30x19 -15x17 -13x41 -11=x08 -04=0.1 0.8 = 0.2 0.1 £ 0.3
E 4.0 = 2.7 1.3 £ 21 09 +15 -11=*12 -22=*34 -12x28 -09+21 -25=11 0408 -04 =03 0.1 = 1.0
F 2.5 £ 09 1.6 = 0.7 09 = 0.7 01 +08 -08=11 1.8 £ 1.9 1.2 07 -04 = 0.6 0.3 = 0.1 1.5+ 02 -0.6 = 0.1
G 2.2 £ 1.0 1.4 = 0.7 13+07 -02x06 -12%x15 -07x09 -03x05 -07 =03 -1.1 03 08 £+ 03 -09 *0.3
H 0.5 = 0.5 0.3 = 0.5 0.5 = 0.3 02*05 -07x31 -02=%x18 -06=13 -04=038 1.1 + 0.3 01 +09 -02=1.0

previous work [4], particularly for head and neck cases. Improvement is
also expected by updating the models with the newly generated high
quality RapidPlan plans produced by all centres.

Overall no significant changes were seen for the PTV metrics
(Fig. 2). The use of RP2 appeared to achieve more homogeneous PTV
doses, however close inspection of the 3D dose-distributions high-
lighted a tendency for RP2 plan to produce under-coverage of the PTV
near the anterior edge of the rectum, as previously reported [11].

The VPSRG model development and validation included different
techniques (IMRT and VMAT) due to the variety of centres participating
in the VPSRG project. The VPSRG committee had extensive discussion
on the effectiveness of using a model covering both techniques, or if
separate models should be developed. Validation results confirmed
that, for the prostate case, a universal model could provide clinically
acceptable treatment plans, independent of the treatment modality or
centre.

This project has facilitated an on-going collaboration to implement
an automated approach with the aim of reducing inter and intra-centre
planning variability. The review of the first months of clinical data has
shown that it was possible to successfully develop and clinically im-
plement multicentre models at unrelated centres utilising patients
treated in different institutions with a variety of techniques and dose
protocols. Data from the first model developed for prostate showed that

Appendix A

Table Al

automated plans were generally of equivalent or higher quality to the
manually optimised ones after a single optimisation and no further
planner intervention. Following these results, automation is now used
by all centres in clinical practice with more models being collabora-
tively developed highlighting the importance and benefit of shared
knowledge.
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Characteristics of the 135 patient plans used in the training set. The number of intact or post-prostatectomy (PPP) patients and those with PTV seminal vesicles

involvement (SV) are shown.

Centre No of Prescription Fractions Technique intact PPP SV
patients Dose
A 32 66, 68, 70 and 33, 34, 35 IMRT 21 11 18
74 Gy and 37 (5, 7 Fields)
B 40 70 and 78 Gy 35 and 39 IMRT 20 20 0
(7 Fields)
C 15 75.6, 76 Gy 36, 38 and VMAT 15 0 13
42 (1 or 2 Arcs)
D 20 46, 74 and 23, 37, VMAT 20 0 19
78 Gy and 39 (1 or 2 Arcs)
G 28 70 and 78 Gy 35 and 39 IMRT 19 9 1
(7 Fields)
Total 135 95 40 51

39
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Appendix B. Supplementary data
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Supplementary data to this article can be found online at https://doi.org/10.1016/j.phro.2019.07.005.
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