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Objectives and Methods

A proactive analysis of the risk of events leading to a deviation from the adequate treatment, in terms of over- or
under-dosage during protontherapy treatments is in progress by using Failure Mode and Effects Analysis (FMEA)
approach. The study is performed considering a specific RT process implemented at the CNAO Foundation (Centro
Nazionale Adroterapia Oncologica, Pavia, Italy), however, the proposed methodology, and likely most of the findings, can
be easily generalized to other protontherapy centres, operative or under construction.

The FMEA approach enables to identify potential failures of an equipment, system or process and to analyze the
resulting effects.

The radiotherapy treatment process can be generally divided into ten stages: 1) assessment of patient, 2) decision to treat,
3) treatment protocol prescription, 4) positioning and immobilization, 5) simulation, imaging and volume determination, 6) planning, 7)
treatment information transfer, 8) patient set-up, 9) treatment delivery, 10) treatment verification and monitoring.

Results

Process trees related to the 4 different stages
are shown in figures a, b, ¢, d

Sub-processes
simulation imaging
and volume
determination

The images obtained in the simulation phase are
imported in the TPS

The GTV is delineated manually based on
multiple imaging (CT +/- MRI +/- PET)

The OARS are identified and delineated manually
or semi-automatically on CT +/- MRI

Sul-processes
positioning and
immobilization

The patient enters the mould room

The nieck suppottis chosen and applisd to the
couch

The appropriste souch extension is chosen and applied
10 the couch

Additional non-customized immobilization
devices (e.g knee support, feet suppott) are
placed onfunderthe patient

The patient is placed on the conch (.. this may
neppen either by the patient positioning him/herself on
the couch or by being brought in position e.g. via a
seclined)

/ The fusion is performed and the correctness is verified ‘
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The CTV is delineated manually on multiple imaging
(CT+/- MRI +/- PET)

/ The PTV is delineated semi-automatically on CT images

Successful simulation imaging
and volume determination

b)

Simulation imaging,

volume determin.

Sub-processes

leading to planning
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Definition of planning volumes, metallic
implants, CT artifacts on patient CT scan

¢) Planning

Eventual virtual simulation for patient reference
point (and marker) correction)

Definition of patient reference point |

Definition of plan geometry and ficlds
configuration - targets prescription (for cach field)

Creation of the plan and dose prescription for each
target (total dose and fractionation scheme)

Definition of plan geometry and fields
configuration - selection of ficld direction
(Gantry angle) (for each field)

Definition of plan geometry and fields configuration -

setting of the isocenter position (for each Lield)

‘ d) Patient set-up

‘ Patient pre-call for preparation K‘

Patient identification

The customized devices are marked with the
patient’s name andfor ID

Custonzed immobilization devices are created. For a
H&N patient the customized immobilization devices
may be
- thermoplastic mask, with or without a bite block or
- stereotactic mask/helmet, with or without a bits
block or
- only the bite block

The patient dismovnts from the couch
and leaves the room

Information on the non eustomzed devices are entered
inthe ROIS (ot in the paper char))

a)

immobilization

The eustomized devices are stoved

Positioning and | sucesfaposic

mmobilization

Sub-processes
patient set-up

Setting of pencil beam parameters:

- scanning step in the transversal plane
- energy step
- passive svstems to be used

Definition of plan geometry and fields configuration -

definition of the treatment couch position n terms of
3 translation vectors and 3 rotational vectors (roll,
pitch and jaw) (for ach field)

Definition of dose calculation parameters:
- physical beam model
- dosc calculation grid
- properties of the particles per spot matrix

Selection of the database for dose caleulation
containing beam physical and biological inf

Identification of treatment site (monolaterality
s bilaterality, such as breast)

M

devices and frame

‘ [dentification snd setting up of

N

Definition of target constraints for dose
optimization

Setting of cost function and op
modality (Single Beam Optimization (SBO) or

Intensity Modulated Particle Therapy (IMP1))

Dose distribution optimization

Definition of Organs At Risk constraints for dose
optimization

Plan evaluation based on Dose Volumes
Histograms (DVH), isodose curves analysis.
predictors of tumour control and OAR
complication; selection of the best plan

Eventual production of competing plans

Creation of the fractionation sequence in
case of muliple plans for treatment on
treatment console

Caleulation of patient QA verification plan
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Caleulation of patient sct up plan

Plan transfer to the Oncology
Information System (Record and Verify)

Successful planning

‘ Patient positioning on positioning system. }\‘

Application of passive markets on patient
susface oz mask, if needed for optical tracking

N

Following the stage of set-up verification (here
ot inciuded): patisnt (3) manually or (5
automatically moved to nominal treatment
position (from TPS), if different from imaging
position

Evacuation of treatment room by all personnel

~
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Patient selection from the daily list |

Patient reaching the treatment room |

Assessment of patisnt cusrent medical status

Identification and setting to work of patient
positioning system (couch versus chaif)

Identification of patient orientation (supine,
prone, lateral deoubitus, head-first, feet-first,
seated)

Fatient fixation using immebilization devices and
stereotastic frame, if needsd

Patient moved to imaging position (4) manually,
using room lasers, or (b) automatically, to a pre-
defined nominal pusition (from TES) relative to
the known otigin of positioning system

Identification and setting up of treatment
equipment accessories (range shifter, ipple filter,
botus, ete), if neaded

Patient monitoring vatil the end of treatment
session, using audio-visual monitoring devices
(and optical tracking systems for intes fraction
motion detection, i available and needed)

Successful patient set-up
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