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This Vision 20/20 paper considers what compututional advances are likely to be implemented in clin-
ical radiation oncology in the coming years and how the adoption of these changes might alter the
practice of radiotherapy. Four main areas of likely advancement are explored: cloud computing, ag-
gregate date analyses, parullel computation, and automation, As these developments promise both
new opportunities and new nisks to clinicians and patients alike, the potential bencfits are weighed
against the hazards associated with each advance, with special considerations regarding patient safety
under new computational platforms and methodologics. While the concerns of patient safety are le-
gitimate, the suthors contend that progress toward next-gencration clinical informatics systems will
bring about extremely valuable developments in quality improvement initiatives, clinical efficiency,
outcomes analyses, data sharing, and adaptive radiotherupy. © 2014 American Association of Physi-
cists in Medicine. [http://dx.doi.org/10,1118/1.4842515]

Developments hold promise to improve clinical
radiation oncology computing

* (Cloud-based service models
= server-based “virtual machines” that facilitate
remote user access and leverage centralized
computations while minimizing large data
transfers over network
= Parallel computation
= distributed calculation frameworks for dose
calculation and enterprise software systems
(HPC, GPU..)
= Aggregate data analyses
= the synthesis of quantitative information from
a multiplicity of measurements
= Automation
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GO gle artificial intelligence

Tutti Notizie Immagini Video

Circa 631.000.000 risultati (0,42 secondi)

GO gle cristiano ronaldo

Tutti Notizie Immagini Video

Circa 218.000.000 risultati (0,52 secondi)

UNIVERSITA’ DEGLI STUDI DI TORINO







The
Fourth
Industrial
Revolution

Klaus
Schwab

LR Ml Lavcatoe Chimwnn

Deep
Leaming

UNIVERSITA’ DEGLI STUDI DI TORINO



Kai-Fu Lee <

Scrittore

Nascita: 3 dicembre 1961 (eta 57 anni), Nuova Trinai Triwnn

) . , Fear of the toll that Al might take on job security is substantiated. As I point
Coniuge: Hsieh Shen Ling (s. 1983)

Istruzione: Universita Camnegie Mellon (1988), ¢ OUl il My new book, AI Superpowers: China, Silicon Valley, and the New World

(1983), Oak Ridge High School Order, about 50% of our jobs will, in fact, be taken over by Al and automation

Figli: Jennifer Lee, Cynthia Lee within the next 15 years. Accountants, factory workers, truckers, paralegals,
Genitori: Li Tien Min, Ya-Ching Wang

and radiologists—ijust to name a few—will be confronted by a disruption akin
to that faced by farmers during the industrial revolution. As research
suggests, the pace in which AI will replace jobs will only accelerate, impacting

the highly trained and poorly educated alike.
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Treatment planning automation
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A knowledge-based planning
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Treatment planning automation

PHILIPS . C .
Progressive Optimization
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Auto-Planning ROls

Input data from Treatment Techniques

Optimize

Standard ROIs Auto-Planning ROIs

7 E@@EM&Q Multiple IMRT optimizations

Add Target objectives

Add OAR objectives

alen|eA

Add hot/cold spot objectives

Fine tune each objective

Expanded OAR1
_OAR+3mm

Loopl: Resets the beams. Add Target Objectives. Opti Output clinically acceptable plan
Loop2: Add OAR Objectives. Optimize.
Loop3: Tune OAR Objectives. Optimize
Loop4: Reset the Beams. Tune/Add OAR Objectives. Hot/Cold spot objectives. Optimize.

Loop5: Tune/Add OAR Objectives, Hot/Cold spot objectives. Optimize.
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Treatment planning automation

MultiCriteria Optimization
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Key concept: PARETO OPTIMAL SOLUTION
A plan that cannot be improved in any of the objectives
without degrading at least one of the other objectives
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Treatment planning automation

a posteriori MCO approach

* Multiple plans are automatically generated where each criterion is optimised
to the extent where it cannot be improved upon without affecting at least one
other criterion; each of these plans is a so-called pareto optimal solution

o Pareto optimalplans < Dominated plans

s g

* The graph shows a large number of different feasible planning solutions,

representing a variety of different permutations for criterion 1 and 2.
* The solid line represents the pareto front where improving one criterion

s inevitably leads to the worsening of the other and vice-versa. Plans that lie
on this front are the “pareto optimal solutions” (blue circles o).

* The plans shown as diamonds ¢ are referred to as “dominated” because
there is always a solution on the Pareto front where at least one criterion
can be improved.
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Pareto optimality by itself does not imply clinical optimality and Pareto optimal

plans can be clinically highly undesirable. On the other hand, the best clinically
Criterion 2 acceptable plan is Pareto optimal. (..)

(Hussein, BIR 2018) * The database of Pareto optimal plans (AUTOMATICALLY GENERATED) is

interactively (a posteriori) navigated by the treatment planner to choose a

clinically optimal plan: N objectives -> N+1 plans to build Pareto front
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Treatment planning automation

a posteriori MCO approach or navigation-based

RayStation L

LSEVIER B0l:10.1014.4jrobp.2010.12.007
A ™ ‘LINICAL INVESTIGATION Physics
Organ 1 a
better 3 IMPROVED PLANNING TIME AND PLAN QUALITY THROUGH MULTICRITERIA
:I Incres

{mean dose OPTIMIZATION FOR INTENSITY-MODULATED RADIOTHERAPY

f .
lower) o
2% Davip L. Caarr, Pu.D,, Tueopoke S. Hono, M.D., HeLex A. Sum, M.D,,
= 50.4 Gy AxD Tromas R, Bortriep, Pu.D,
= 50.4 Gy 0 Gy Department of Radiation Oncology, Massachusetts Geaeral Hosputal, Harvard Medical School, Boston, MA
-~ 4 Organ 2 better Purpose: To test whether multicriteria optimization (MCO) can reduce treatovent planniog thoe and improve plan

quality in intensity-moduloted radiotherspy (IMRT),

Methods and Materials: Ten IMRT patients (5 with ghlobisstoma and 5 with locally sdvanced pancrestic cancers)

Were logged doring the standard ity in use ot \ Geaeral Hospl-

tal (MGH). Mlaaning duratioss and other relevant planning Ieformation were recorded. In parullel, the patients

Pareto surface (slope s MAT) were planned using an MCO planning system, and similar planning time data were collected. The patients were
treated with the standard plan, but cach MCO plan was alwo approved by the physicians. Plans were then biindly
roviewed 3 works after plaaning by the treating physician,

Indifference curves (slope is MRS Results: In all cases, the treatment planning tinse was vastly shorter for the MCO planning (average MCO treat-

ment planning time was 12 min; average standacd planning time was 135 min. The physician involvement time in

{Mean oose ow

. . 4 TSt w90 SR the planning process Increased fram an everage of 4.5 min for the standard process to £.6 min for the MCO process.
Fig. 5. Curves illustrating the idea from decision theory that the op- In all cases, the MCO pian wus biindly identified as the superior plan.
T oy B timal choice in a two-dimensional tradeofT is the point on the Pareto Conclusions: This provides the fint concrete evidence that MCO-based planaing ks superfor In terms of both
T —r———T PR ; planning eficiency and dose distribution qualit ared with the current trial and error-hased IMKT plasni
9 2 ) T P 7 surface that maximizes utility. This is also the point where MRT Topresh, © 2012 Elsevierfae, T e -

(marginal rate of transformation, or the slope of the Pareto curve)

Lungs PTV is equal to MRS (marginal rate of substitution).

D50 Gy DO02-D99 Gy

Muitiohjective, lnverse planning, Fareto optimization, Multicriteria.

Potential limitation: optimised plans are near Pareto optimal in the fluence phase without
direct machine-parameter consideration (then converted into deliverable plans by DAO)
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Treatment planning automation

a priori MCO approach: a single pareto-optimal plan

Planner sets up in advance a set of goals, related to clinical prescriptions, that are ordered
with respect to importance (whish list).

Lexicographic Optimization is performed as a stepwise sequence of constrained
optimizations, starting with the highest prioritized objective function.

At each iterative step, a new objective function from the list is optimized with the previous
goals incorporated as constraints so that the higher prioritized goals are not deteriorated.

The constraints are non-negotiable and therefore have the highest priority. Additional
constraints may be included from the beginning throughout all optimization steps to
prevent unacceptable plans.

The feasible solution space is gradually reduced as the method proceeds with the added
constraints.

Sometimes a preselected “slip factor” allows a small relaxation of the constraints since they
may be so strict that there is no room for improvements in lower priority goals (a minor
deviation from a uniformity constraint of a PTV may enable significant sparing of an OAR).
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Treatment planning automation

a priori MCO approach: The Rotterdam Experience

100 Pse sk Prvsacy iv Mepica axt BrLooy

Phys Med. Hiok £ (2009) 71997200 foi: 10, 1088003 1,91 $$/542 301

The equivalence of multi-criteria methods for
radiotherapy plan optimization
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A Prospective Clinical Study
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Prostate wishlist

Constraints

Volume Type Limit
PTV max 104% of prescribed dose
PTV shell 50 mm max 60% of prescribed dose
Unspecified tissue max 104% of prescribed dose
Right + Left hip max 40 Gy
Objectives
Priority  Volume Type Goal
1 PTV ILTCP 0.5
2 Rectum |gEUD (parameter 12) 40% of prescribed dose
3 Rectum |gEUD (parameter 8)  25% of prescribed dose
4 Rectum lmean 33% of prescribed dose
5 External ring Ilmax 40% of prescribed dose
6 PTV shell 5 mm lmax 93% of prescribed dose
7 Anus lmean 10% of prescribed dose
8 PTV shell 15 mm lmax 70% of prescribed dose
9 PTV shell 25 mm lmax 50% of prescribed dose
10 Bladder lmean 60% of prescribed dose
11 Right + Left Hip lmean 25% of prescribed dose
12 Unspecified tissue lmean 10 Gy
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Treatment planning automation

Lexicographic optimization

RayStation Plan Explorer

START:
Prioritized clinical
goals

|

Create objective functions for target(s) ’
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‘ * * * Areclinical goals of highest priority ‘/
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Are clinical goals of the next ‘
> ‘ priority level fulfilled? j
= . . . 4 Mo .
A set of clinical goals are listed and ordered in terms of importance, where [ RN 1
. . d objecthive unchons
several goals can have the same priority level. ,
Objective functions that correspond to the clinical goals for the ROIls considered ‘ ey
primize
at the current priority level are automatically created by the algorithm, and their r _
1 ) i T . ] ] X ] Modify objective function(s)
priority weights and dose levels are modified iteratively until the optimized plan | Are the dinical goals and |/ '
i R ‘ v \ N ) No
fulfils the clinical goals stated for them. For each group of goals, objective W {_WEher priodiy el gons e
functions are automatically added and modified with the aim of fulfilling the | Nemor cibiaalgmld
clinical goals without violating the levels achieved for the previous (higher
prioritized) goals. This automatic process can be performed for different beam Goal
o : e : : Automatical
configurations, other treatment machines, treatment techniques and modalities MRomatically
8 generated plan
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Treatment planning automation

Heuristic Optimization X0 P°

_«anning

IOP PUBLISHING PHYSICS IN MEDICINE AND BIOLOGY T (I paper We deatibo:s - \\e\‘\

Phys. Med. Biol. 56 (2011) 3873-3893 doi:10.1088/0031-9155/56/13/009  process. The system bases 4 ~nt system, and
the IMRT plan desi— ‘)X —uccAutoPlan system’s
purpose is 1~ e —ave/cost function parameters

auto™ O \ .+ tumor coverage and normal tissue

& \X \ ..ued to be better than, or at least equivalent
\\k} _wugh trial-and-error. It is also our goal that the
\\\ .y enough to be used in routine clinical practice. We have
_toPlan system as a plug-in to the Pinnacle® treatment planning

A methodology for automatic intensity-modulated
radiation treatment planning for lung cane~ A 0

. “o 3K ? .ups Nuclear Medicine, Inc., Fitchburg, WI). Once the contours are ready

> \X\‘\“O . patient, the autoplans can be generated by one button click in the TPS. The

Xiaodong Zlulngl , Xiaogiang Li, ¥- \\\X&r i )& . —wccAutoPlan system was already adopted in a clinical trial that randomized proton and

and Yupeng Li \ )X‘ .3 k)& photon treatments for patients with stage III non-small-cell lung cancer so that the clinical

/\ \( \ i D value of passive-scattering proton therapy (PSPT) could be compared with that of IMRT.

Departmeat of Radi> X ‘\’L A . \\_\, J  wersity of Initially for that trial, all photon IMRT plans were designed by the mdaccAutoPlan system

Texm, 15157 \L & - C\e and by experienced medical dosimetrists. Plans designed by the mdaccAutoPlan system

‘\Qv E \\\X and by the medical dosimetrists were simultaneously evaluated by experienced radiation

\’\ C \ ":‘ oncologists, and the plans designed by the mdaccAutoPlan system were consistently judged

e "2\ ')\\ to be better or no worse than the plans designed by medical dosimetrists, The trial was

> c 10 - C Lig ¥ modified so that all photon clinical plans would be designed by the mdaccAutoPlan system.

* “",\ ~ ~\€ The system is now being used at The University of Texas, MD Anderson Cancer Center,
v ex for lung cancer cases. The same approach could be easily applied to other cancer types,

that can design IMRT plans using one button click and the first to be adopted into clinical

“0\«‘ k)\‘" \—) although the details may differ. To our knowledge, the mdaccAutoPlan system is the first
.
A\
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Treatment planning automation

Automation Plan Generation
Templates, protocols, and scripting

» For a specific indication there may be standard ways in a clinic to set up the plan for most of these
patients

" For example, the clinic may have a standard number of beams with certain beam orientations, a set of structures
and ROIs with consistent names that are defined and contoured, some optimization functions that usually give a
good starting point, and clinical goals to which the plan is evaluated against. These types of repetitive and
recurrent steps in the planning process can be automated with TEMPLATES.

" |n anext step, templates and some actions can be grouped together to standardize the planning. In addition to
templates running consecutively in a predefined schedule, certain settings such as grid resolution, the number of
fractions, and the number of optimization iterations may be set to run automatically as well as certain actions
such as optimization and dose computation

= Another approach is to record mouse clicks and keystrokes and then play the recorded program on
other cases. SCRIPTING is an even more flexible tool. Besides automation of treatment planning, it

can be used to extract data, extend and further develop functionality, communicate with other
programs, etc., which can be useful for specific needs for a clinic or in research projects
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Treatment planning automation

Advanced Scripting
Heuristic Optimization - Genetic Algorithm

\/ s Intemational Journal of Medical Physics, Clinical Eng ing and Oncology, 2018, 7, 414-425
0’.‘ Scientific

€. 9, Rescarch hitp://www.scim.org/lournal/iimpsero
...Q Publishing ISSN Online: 2168-5444
¢ ISSN Print: 2168-5436

Automated Heuristic Optimization of Prostate
VMAT Treatment Planning

Christian Fiandra!, Alessandro Alparone?, Elena Gallio®, Claudio Vecchi?,
Gabriella Balestrat, Sara Bartoncini®, Samanta Rosati¢, Riccardo Ragona?,
Umberto Ricardi?

'Department of Oncology, Radiation Oncology, University of Turin, Turin, Italy
Tecnologie Avanzate T.A. Srl, Turin, Italy

'Medical Physics Unit, A.O.U. Citta della Salute ¢ ddla Sdenza, Turin, Italy

‘Department of Electronics and Telecommunication, Politecnico di Torino, Turin, 1taly
"Radiation Oncology Unit, A.O.U. Citth della Salute e della Scienza, Turin, ltaly

Email christian flandragrunito. it
GAs are a particular class of evolutionary algorithms that use

techniques inspired by evolutionary biology such as inheritance,
mutation, selection, and crossover (also called recombination)

Abstract

Purpose: To investigate a genetic algorithm approach to automatic treatment
planning. Methods: A Python script based on genetic algorithm (GA) was
implemented for VMAT treatment planning of prostate tumor. The script
was implemented in RayStation treatment planning system using Python
code. Two different clinical prescriptions were considered: 78 Gy prescribed
to planning target volume in 39 fractions (GROUP 1) and simultaneous inte
grated boost (70.2 Gy to prostate bed and 61.1 Gy to seminal vesicles) in 26
fractions (GROUP 2). The script automatically optimizes doses to PTV and
OARs according to GA. A comparison with corresponding plans created with
Monaco TPS (M) and Auto-Planning module of Pinnacle® (AP) was carried
out. The plans were evaluated with a total score (TS) of PlanlQ software in
terms of target coverage and sparing of OARs as well as clinical score (CS)
performed by a Radiation Oncologist. Results: In GROUP 1, mean value of
TS were 150.6 + 30.7, 146.3 £ 36.1 and 1374 + 35.7 for AP, GA and M re-
spectively. For GROUP 2, mean value for TS were 163.5 + 16.8, 163.4 + 24.7
and 162.9 £ 16.6 for AP, GA and M respectively with no significance differ-
ences. In terms of CS, the highest value has been attributed to GA in four pa-
tients out of five for both GROUP 1 and 2. Conclusions: Genetic approach is
practicable for prostate VMAT plan generation and studies are underway in
other anatomical sites such as Head and NN-@¥AY Rectum.
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Genetic Planning Solution 2.0

AAPM REPORT NO. 263
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Genetic Planning Solution 2.0

Background knowledge

T

PlanlQ™

Plan Smarter, Not Harder

T% PlaniQ™ - details

Plan feasiblity calculation

SUN NUCLEAR

CorpOrution
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Genetic Planning Solution 2.0

Genetic optimization

Genetic algorithms are
commonly used to generate
high-quality solutions
to optimization and search
problems by relying on bio-
inspired operators such
as mutation, crossover and

selection



https://en.wikipedia.org/wiki/Optimization_(mathematics)
https://en.wikipedia.org/wiki/Search_algorithm
https://en.wikipedia.org/wiki/Mutation_(genetic_algorithm)
https://en.wikipedia.org/wiki/Crossover_(genetic_algorithm)
https://en.wikipedia.org/wiki/Selection_(genetic_algorithm)
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Validation
Which is the better plan?
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Validation
Which is the better plan?
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Knowledge-based treatment planning

Clinical validation and benchmarking of knowledge-based IMRT and @
VMAT treatment planning in pelvic anatomy

Mohammad Hussein *°, Chnstopher P. South*, Minam A, Barry *, Elizabeth ). Adams*, Tom ). Jordan”,
Alexandra |. Stewart’, Andrew Nisbet
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Therefore the key q.uesu‘ons addressed in this study were:

1. How does plan quality depend on the statistical robustness of
the DVH-prediction model and the methods used to convert
predicted DVHs into plan optimisation objectives?

2. How does RapidPlan perform when multiple dose levels are
prescribed?

3. How does RapidPlan perform when there are significant
geometric variations in target volumes?

Model of 40 prostate IMRT applied to 37 cervical cancer

Conclusions: The Varian RapidPlan™ system was able to produce IMRT & VMAT treatment plans in the
pelvis, in a single optimisation, that had comparable sparing and comparable or better conformity than
the original clinically acceptable plans, The system allows for better consistency and efficiency in the
treatment planning process and has therefore been adopted clinically within our institute with over
100 patients treated.

RP - Validation

wda o ot Spdianon Oncology (2018 1346

vttt org 101 1H6'S ) HONS-018.0U04. Radiation Onco'ogy

Evaluation of multiple institutions’ models @
for knowledge-based planning of

volumetric modulated arc therapy (VMAT)

for prostate cancer

JESUYS KAl 3 UM Adact

Conclusions

It has been suggested that KBP performs correctly re-
gardless of institutional plan design. KBP was able to re-
produce dose distributions based on the experience of
institutions. There was very wide variation in the organ
dose calculated with KBP among sites. To share models
for KBP, it will be necessary to determine whether the
registered DVH curves in the models match the plan de-
sign. The models for the KBP were characterized with
the ratio of OAR’s volume overlapping with the PTV to
the whole organ volume.
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This study focuses on SIB-IMRT for oropharyngeal cancer, and is
a joint effort of three academic institutions: MedStar Georgetown
University Hospital (MGUH, Washington, D.C.), Radboud Univer-
sity Medical Center (RUMC Niimaman Tha Natharlandel and tha
Johns Hopkins Universit Conclusions
RUMC provided a patier
patients, including clinic:

5. CONCLUSION

In this paper, we developed a framework that unites knowl-
edge-based planning with inverse optimization to create a

knowledge-based automated treatment planning pipeline. The The comparableresilitsofaioad it SRAR IS & il Kbt sug.

217 patients

approach was tested on a large dataset of 217 oropharyngeal
patients. Our pipeline is flexible enough to accommodate dif-
ferent KBP methods. We developed two new KBP methods.
the BQ and gPCA methods, and found that in general the
gPCA method for prediction resulted in treatment plans that
more closely matched clinical plans, without requiring extra
plan complexity. Overall, because our framework not only pre-
dicts DVHs but also optimization model parameters, we can
provide a high-quality, personalized “warm-start” to the
inverse planning process that can also be adjusted easily, if
necessary, in subsequent replanning iterations.

ative APE plans, (2) JHU «
179 clinically-delivered |
(3) MGUH provided a K
histogram (OVH-KBP), wi
RUMC patient's KBP plan
KBP plans were compare
In accordance with HIPA
Accountability Act of 199
lowing appropriate govel

gest that either method may be used to generate plans for treat-
ment planning, as supported by publications demonstrating the
quality comparability between OVH-KBP (or APE) and clinically-
delivered plans [2,17,18]. However, the “automation” as implied
in the auto-planning process should not be taken literally, as both
approaches still require certain skilled manual inputs to achieve
acceptable results, e.g., the planning parameters determined in
training cycles. In addition, this study was focused on oropharynx
cancer only and whether the results will hold for other disease
sites needs further investigation. Nevertheless, the auto-planning
applications discussed here and by other authors offer useful ave-
nues to shorten treatment planning time and reduce plan quality
variation, as evidenced in the commercial application of RapidPlan
in Eclipse TPS and APE in Pinnacle TPS.
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brain Dosimetric Evaluation of Pinnacle’s e
Automated Treatment Planning Software e ams i
- head and neck DOL 10.1177/1533033818780064
breast to Manually Planned Treatments joural sgeput comhome/ct
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- SBRT liver and lung
Kristen A. McConnell, PhD'®, Tyler Marston, BSc',

B Iymphoma Brianna Elizabeth Zehren, MS', Aziz Lirani, BSc',

Dennis N. Stanley, PhD', Aaron Bishop, BS',

Richard Crownover, MD, ™ 0! - = sanl wi.._cu: an nund

Ying Li, MD, PhD', Diana ‘&Onclusion

Karl Rasrussen, PhD', N Comparison of AP to manually planned treatment plans for

Alonso N. Gutierrez, Phl v A
early and advanced stage prostate cancer as well as brain cancer
demonstrated significant changes in OAR doses while offering
minimal changes in PTV dosimetric indices. Specifically, AP
was shown to be able to produce plans that delivered similar
high dose conformity, PTV homogeneity, and dose falloff to
the target, however offered significant reductions in median
dose to OARs independent of treatment site. The results of this
study reinforce results of similar AP studies that suggest that
AP may be a valuable clinical tool to standardize plan quality
and improve clinic efficiency using high-quality templates
coupled with the AP engine.
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ABSTRACT

Purpose: To evaluate the quality of accelerated partial breast irradiation (APBI) plans generated by the
Auto-Planning module of a commercial treatment planning system (TPS),
Material and methods; Twenty patients, previousty planned and treated with manual planning in a TPS
(manM), were re-planned using manuoal (manP) and automaric (AP) module of a different TPS. Plans were
compared in terms of dosimetric parameters, degree of modulation, monitor units and treatment time,
and by blind qualitative scoring by a physician. Dosimetric verification was evaluated in terms of ¥ pass-
ing rate and point dose measurements. Statistical differences were evaluated using paired two sided
Wilcoxon's signed-rank test.
Results: A statistically significant improvement in PTV coverage was observed for AP plans compared to
clinical plans, while no differences in organs at risk doses were observed. When compared to manP plans,
a statistically significant improvement was observed for PTV coverage and homogeneity and for the ipsi-
lateral breast and lung dosimetric parameters. The modulation degree was reduced with AP compared to
manM treatment plans, while it was increased compared to manP treatment plans. No differences were
observed in y passing rate, Planning time was reduced from (54.5 £ 8.0) min for manM planning and
(62.8 £ 15.0) min for manP planning to (9.8 £ 1.1) min for AP. In the qualitative scoring, AP plans were
considered superior both to manM (10/20 cases) and manP plans (12/20 cases) with high clinical relevance,
Conclusion: Automatic planning for VMAT APBI was always at least equivalent and overall superior to
manual planning.

0 2018 Elsevier BV. All rights reserved. Radiotherapy and Oncology 132 (2019) 85-92
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Automatic treatment planning improves the clinical quality of head and
neck cancer treatment plans

@ CrossMark

Christian Renn Hansen **, Anders Bertelsen?, Irene Hazell®, Ruta Zukauskaite ", Niels Gyldenkerne °,

Jorgen Johansen ", Jesper G. Eriksen™*, Carsten Brink *°
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® Institute of Clinical Research, University of Southern Denmark, Odense, Denmark
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ABSTRACT

Background: Treatment plans for head and neck [HEN) cancer are highly complex due to multiple dose
prescription levels and numerous organs at nsk (OARs) close to the target. The plan quality s inter-
plinner dependent since it is dependent on the skills and expenence of the dosimetrist. This study
presents a blinded prospective dinical comparison of automatic (AU) and manually (MA) generated
H&N VMAT plans made for clinical use.
Methods. MA and AU plans were generated for 30 consecutive patients in Pinnacle” using the IMRT opti-
misation module and the new Autoplan module, respectively, The plan quality was blindedly compared
by three senior oncologists and the best plan was selected for treatment of the patient. Planning time was
measured as the active operator time used. The plan quality was analysed with DVH metrics and the dose
dedivery accuracy validated on the ArcCheck phantom
Results: For twenty-nine out of the thirty patients the AU plan was chosen for reatment. Target doses
were more homogenous with the AU plans and the OAR doses were significantly reduced, between 0.5
and 65 Gy. The average operator ume spent on creating a manual plan was 64 min which was halved
by Autoplan. The AU plans were more modulated as Hlustrated by an increase in MUs, which might cause
the slightly Jower pass rate of 97.7% in the ArcCheck measurements,
Condusions: Target doses were similar between MA and AU plan, while AU plans spared all OAR consid-
crably better than the MA plans.

2016 The Authors. Published by Elsevier Ireland Ltd on behall of European Society for R.xdxulltum' and

Oncology. This is an open access artide under the CC BY-NC-ND license (hitp: /[creativecommons.ong
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ABSTRACT

Purpose: Automnated trestment planning @ a new frontier in radiotherapy. The Auto-Planning module of the
Mnaacle” treatment planning system (TPS) was evaluated for Hver steveotactic body radiation therapy treat-
ments.

Methods: Ten cases were included In the study, Six plans were generted for each case by four medical physics
experts. The first two planned with Pinnacle TPS, both with manual module (MP) and Auto-Planning one (AP)
The other two physicists generated two plans with Monaco TPS (VM). Treatment plan comparisuns were then
carried an the various dosimetric parameters of target and organs at risk, monitor units, number of segments,
plan complexity metrics and human resource planning time, The user dependency of Auto-Planning was also
tested and the plans were evaluated by a trained physician

Reswlts: Statistically significant differences (Anova test) were observed for spinal cord daoses, plan average beam
Irvegularity, number of segments, monitor units and human planning time. The Fisher-Hayter test applied 0
these parameters showed significant statistical differences between AP ¢ MP for spinal cord doses and human
planning time: between MP and VM for monitor units, number of segments and plan irregularity; for all those
between AP and VM, The two plans created by different planners with AP were similar 1o each other
Conclusions: The plans created with Auto-Planning were comparable to the manually generated plans. The time
saved In planning enables the planner to commit more resources 1o more complex cases. The Independence of
the planner enables to standardize plan quality,
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ABSTRACT

Background and purpose: With the advent of automatic treatment planning options like Pinnacle's
Autoplanning (PAP), the challenge arises how to assess the quality of a plan that no dosimetrist did work
on. The aim of this study was to assess plan quality consistency of PAP prostate cancer patients in clinical
practice.
Materials and methods: 100 prostate cancer patients were included from NKI and 129 from RadboudUMC
(RUMC). Per institute a previously developed [ 1] treatment planning QA model, based on overlap volume
histograms, was trained on PAP plans to predict achievable dose metrics which were then compared to
the clinical PAP plans. A threshold of 3 Gy ( DVH dose parameters)/3% ( DVH volume parameters) was used
to detect outliers. For the outlier plans, the PAP technique was adjusted with the aim of meeting the
threshold.
Results: The average difference between the prediction and the clinically achieved value was <0.5 Gy
(mean dose parameters) and <1.2% (volume parameters ), with standard deviation of 1.9 Gy/1.5% respec-
tively. We found 8% (NKI)/25% (RUMC) of patients to exceed the 3 Gy/3% threshold, with deviations up to
6.7 Gy (mean dose rectum) and 6% (rectal wall V64Gy). In all cases the plans could be improved to fall
within the thresholds, without compromising the other dose metrics.
Conclusion; Independent treatment planning QA was used successfully to assess the quality of clinical
PAP in a multi-institutional setting. Respectively 8% and 25% suboptimal clinical PAP plans were detected
that all could be improved with replanning. Therefore we recommend the use of independent treatment
plan QA in combination with PAP for prostate cancer patients,

@ 2018 Elsevier B.V. All nghts reserved. Radiotherapy and Oncology xxx (2018) xxx~xXXx
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Auto- versus human-driven plan in @
mediastinal Hodgkin lymphoma radiation
treatment

Stefania Clemente'', Caterina Oliviero'’, Giuseppe Palma“, Vittoria D'Avino®, Raffaele Liuzzi*, Manuel Conson’,

Roberto Pacelli* and Laura Cella™

Methods: CT-scans of 10 female patients with SHL were considered. A “butterfly” (BF) volumetric modulated arc
therapy was optimized using SmartArc module integrated in Pinnacle® v. 9.10 using Collapsed Cone Convolution
Superposition algorithm (30 Gy in 20 fractions). Human-driven (Manual-BF) and AP-BF optimization plans were
generated. For AP, an optimization objective list of Planning Target Volume (PTV)/OAR clinical goals was first

Conclusions: Despite the high interpatient PTV (size and position) variability, it was possible to set a standard SHL
AP optimization list with a high level of generalizability. Using the implemented list, the AP module was able to
limit OAR doses, producing clinically acceptable plans with stable quality without additional user input. Overall, the
AP engine associated to the arc technique represents the best option for SHL.
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IMPROVED PLANNING TIME AND PLAN QUALITY THROUGH MULTICRITERIA sty b Radiation Oncol ogy
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Davip L. Crarr, Pu.D., Tueopore S. Hong, M.D., HELEN A. S, M.D.,

AND THoMAs R. BorTrELD, PH.D.
RESEARCH Open Access

Department of Radiation Oncology. Massachusetts General Hospital. Harvard Medical School, Boston, MA

Purpose: To test whether multicriteria optimization (MCO) can reduce treatment planning time and improve plan . . . @ CrasaMack
el T ey it sy Planning comparison of five automated

Methods and Materials: Ten IMRT patients (5 with glioblastoma and 5 with locally advanced pancreatic cancers)

were logged during the standard treatment planning procedure currently in use at Massachusetts General Hospi- . .

tal (MGH). Planning durations and other relevant planning information were recorded. In parallel, the patients t trT] t l I t f I I I

were planned using an MCO planning system, and similar planning time data were collected. The patients were re a e n a n n I n S O u I On S O r OC a

treated with the standard plan, but each MCO plan was also approved by the physicians. Plans were then blindly

reviewed 3 weeks after planning by the treating physician. d d h d d k

Results: In all cases, the treatment planning time was vastly shorter for the MCO planning (average MCO treat- a Va n Ce e a a n n e C C a n C e r

ment planning time was 12 min; average standard planning time was 135 min). The physician involvement time in
the planning process increased from an average of 4.8 min for the standard process to 8.6 min for the MCO process.

In all cases, the MCO plan was blindly identified as the superior plan. ). Krayenbueh!”, M. Zamburini', S. Ghandour”, M. Pachoud’, S. Lang-Tanadini’, J. Tof’, M. Guckenberger
Conclusions: This provides the first concrete evidence that MCO-based planning is superior in terms of both and W. F. A R. Vlerbake!®
planning efficiency and dose distribution quality compared with the current trial and error-based IMRT planning P i V- ILNG

approach. © 2012 Elsevier Inc.

Multiobjective, Inverse planning, Pareto optimization, Multicriteria.

1) Automatic Interactive Optimizer (AIO) (in-house
developed) in combination with RapidArc version
13.7 from Eclipse (Varian Medical Systems, Palo condusi on

Alto, USA) from hospital B [4, 12]; i : S
5y Avto-Planning version 140/ (AD) from Binnscle I'he results obtained for the five ATPS evaluated on two

(Philips Radiation Oncology Systems) from hospital different set of HNC patients show that all ATPS were able
A [6]; . - s .
3) RapidPlan version 13.6 (RP1) from Edlipse (Varian to Mdl the hard constraints. For the parallel organs, AP
Medical Systems, Palo Alto, USA) using HNC model achieved the best results followed by RS, AIO, RP2 and
g gt>mdfl;?SPiMI A Y RP1. Nevertheless, the differences were small. The effective
apidPlan version 13. combined wit . Fie : . ! : v ™D
scripting forautomated setop, of felde witl HNG working time was reduced to less than 20" for each ATPS,
model from hospital B [13]; except RS, and could be reduced to less than 2° when using

5) Raystation multicriteria optimization algorithm
version 5 (RS) (RaySearch Laboratories AB,
Stockholm, Sweden), from hospital C.

scripting, which was the case for AIO and RP2.
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iterative constraint adaptation [9], use of a particle swarm
optimizer for automated selection of objective function weights,
and automated iterative fine-tuning of cost functions [12]. Only
in two studies were plans compared for >50 patients. Reported
improvements in plan quality with autoplanning were overall mod-
est. The only report on a multi-center comparison of manual- vs.
autoplanning for prostate cancer is by Schubert et al. [10], using a
DVH prediction model generated in a single center which was

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Prostate cancer

Fully automated, multi-criterial planning for Volumetric Modulated Arc | #) validated in six other centers. Automatically generated plans had
3 E a q : Gorech fix reductions in rectum and bladder D,.,, of 0.6 and 0.8 Gy respec-
Therapy - An international multi-center validation for prostate cancer | tively, Wil f6r Botli OARS higlhi dtises Were Worse for autGVMAT.
Ben H_eijmen **, Peter Voet ", Dennie Fransen®, Joan Penninkhof?, Maaike Milder?, Hafid Akhiat”, In a previous study [6] aprioriMCO autoplanning was tested for
PleﬂUlgl BOIHO!'n.O “, Marta Cas: RESEARCH ARTICLE prostate cancer by comparison with max_mal planning performed
Frank Lohr’, Livia Marrazzo", | : . by the most competent manual planner in the center whose task
Gabriele Simontacchi*, Volker  INtercenter validation of a knowledge based was to generate the best possible manual plaas without any con-
R I——— ; ; straint in planning time. _Quallty differences between manVMAT
niversiana caces, soderin oo . IO E] fOr automated planning of volumetric SndpuEMAT A
Wien, Austria; * St James's Institute of Oncology - St -
Rt Oniolpy, o modulated arc therapy for prostate cancer. This paper describes a large international multi-center valida-
. . tion of aprioriMCO comparing autoVMAT and manVMAT plans
The experlence Of the German Rapld Pla n for prostate cancer. In contrast to [6] manVMAT plans were gener-
Consortium ated with routine clinical planning, so not by the best planner

without planning time restrictions. The aprioriMCO algorithm

Carolin Schubert’, Oliver Waletzko?, Christian Weiss®, Dirk Voelzke®, Sevda Toperim’,
Arnd Roeser®, Silvia Puccini®, Marc Piroth®, Christian Mehrens®, Jan-Dirk Kueter’,
Kirsten Hierholz®, Karsten Gerull”, Antonella Fogliata®, Andreas Block®, Luca Cozzi®*
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The importance of tuning process for the automated Genetic
Planning Solution for prostate radiotherapy treatment

Duration: 1 year
C. Flandra, 31 January 2019

Background

Plan automation is a popular topic today with several commercial strategies already available in
order to reduce the inter-planner variability, the planning time allocated for the optimization
process and finally to improve the overall plan quality.

The goal of this study was to compare Genetic Planning Solution (GPS, Tecnologie Avanzate, Torino)
for Automated Treatment Planning with manual planning on RayStation platform for prostate
treatment in a multicenter setting taking inter-institute variability of dose/fractionation, volume and
delivery technique into account,

Hypothesis

Due to the intrinsic variability of the dose and fractionation requirements by clinicians among
different centers, a generic automated treatment planning approach needs to be tuned to the
specific clinical requirements of each center. But, due to the presence of many anatomical districts
and radiotherapy techniques, this tuning may be laborious and may represent a limit for a wide use
of such automatic software. So, we want to test the hypothesis GPS can even obtain good results in
other institutes (equal or better quality than manual planning) without center specific tuning.

Aims

The objective of this study is to highlight the differences in the use of GPS with or without the help
of specific tuning for each centre. This process will be carried out by means of planning comparison
respect to the manual planning first (Phase 1), involving 10 Italian centers that don’t have
experience with any autoplanning solution. Then, a second phase (Phase 2) will involve a centre
(Erasmus, Rotterdam, The Nederland) with many years of experience in the use of automated
treatment planning system solution.

Experimental design
The study will be shaped in 3 phases

Phase 1a: a plan provided by a standard version of GPS equal for all centers, will be compared with
the clinical delivered distribution of dose obtained by each center with manual use of RayStation
platform; because the GPS solution is flexible, each center will be free to apply its specific clinical
protocol in terms of fractionation and dose level in the field of prostate cancer.

Phase 1b: in which the ten patients submitted for comparison on Phasel, will be used for tuning of
the GPS for each specific center. A second planning comparison will be evaluated on others ten
patients with the GPS tuned in terms of sparing of different Organ at risks.

Phase 2: following the same steps of Phase 1, will be carried out with the automated solution
Erasmus-iCycle provided by Erasmus MC with and without tuning.

Evaluation of plans will be carried out by means of pair-wise dose-volume histogram comparison as
well as with the preference of different experienced Radiation Oncologists.
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Erasmus MC

Expected results

e
! = Answers to the following questions:

1. Can GPS with a generic tuning be used for clinical planning in various treatment centers?
The research will quantify plan quality differences between clinical plans that were
manually generated and GPS plans.

2. To what extent can GPS with center-specific tuning (further) improve on the the quality of
manually generated plans?

To highlight the importance of tuning process for GPS software with a group of centers
representative of the Italian manual practice as well as with a well-established automatic
solution in the field of prostate radiotherapy treatment planning.
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PTV
centro dosel dose2
1 IFO 62
2 Molinette 70,2 61,1
3 Mauriziano 72 63,6
4 Novara 67,5 56,25
5 IEO 37,5
64,5 54
6 Napoli 72 64,5
72 54
76,5 61,2
74,25 66
80 60
7 Siena 78 58,5
70
72
76
8 Meldola 66
67,5
74
9 Mestre 69,75
72
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GPS- Validation protocol
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Summary

* Many literature data on RP. Clinically acceptable results if the model is
good, but validation outside institution is under investigation

* AP is well consolidated automatic planning system in many specific
institutions and clinical situations. No multicentric experience are reported

* Not being pareto optimal plans RP and AP may also be used as «worm
start» of the optimization process

* They shorten treatment planning time and reduce plan quality variation

e A priori MCO approach is labor intensive, but gives pareto optimal plan
potentially superior to others approach
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Summary — Physicist role

* Pilot during take off and landing

* Provides specific skills for evaluating the plan in conjunction with the
Physicians because a Clinician evaluation is often needed

e Definition of metrics to evaluate the plan

e Extra time for physicist to work on more complex case, or other challenging
new available instruments (DIR validation for example)

e Automation of planning necessary for future scenarios of online adaptive
replanning
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