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Disclaimer

| do not endorse any products, manufacturers, or
suppliers.

Nothing in this presentation should be interpreted as
Implying such endorsement
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IS vital In the process of cancer care

Cancer care has changed

Patients used to geteithers ur ger y, Qths cantmonHoOF €
patients to get combined therapies, 2 or all 3 of the above

To perform diagnosis can be necessary to integrate different
Information

To perform the therapy can be necessary to combine different
Information and so concerning the follow-up

Integration of information: this has increased the need for
(computer) communication between different departments
within the hospital (or among hospitals)
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Most health care processes
Involve continuously exchanging information

O Within the workgroup, to record and
manage the care of individual patients

O Between specialized diagnostic and
treatment departments, to request
services and to report results

O Across organization boundaries
between hospital doctors and
community staff, to ensure continuity
of care

O From the care provider to payers and
regulatory agencies, for revenue and
accountability




Record & Verify and Patient Information System

The process of care: RO Is only one step
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RO Is a complex world

ORO involves a complex set of sub-processes (mainly clinical,
but very often: technological, physical) and accompanying
workflow to evaluate, plan, deliver, and monitor patient
treatments

O The workflow includes a mixture of process steps requiring
clinical decisions at many points, quality assurance checks
along the way, on-line and off-line evaluations, and careful
patient monitoring

O Computerized decision support is a fundamental component
to a number of these phases
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RO Is a complex world

Arhe most important feature related to the complexity and sophistication
of Anew t ec bnmipresente/odcompsitersoh e

[ICRP Preventing Accidental Exposures from new EBRT Technologies, 2009]
ROisi Co mp-drives RT and software-b ased devi

<..digital linacs, VMAT, SABR, 4DRT, ART, MRgRT..>

C

Jaffray, Nature, 2012




Advances In Radiation Oncology

Developments hold promise to

@ improve clinical radiation oncology
Vision 20/20: Automation and advanced computing in clinical radiation comp utin g
oncology
in L. Moore® 4 .
ﬁ::whmvaf Radiation Medicine and Applied Sciences, University of California San Diego, A C I O u d- b aS e d S e rVI C e m O d e I S

La Jolla, California 92093

George C. Kagadis A SeI’VGF(_) I é. S ﬁ d @7\ N\Ij dZI f

Department of Medical Physics, School of Medicine, University of Patras, Rion, GR 26504, Greece g
o et that facilitate remote user

Department of Radiation Oncology and Molecular Radiation Science, School of Medicine, 1
T g i, i Wl 15 access and leverage centralized
Vitali Moiseenko i i INimizi
Depariment of Radiation Medicine and Applied Sciences, University of California San Diego, CO m p u tatl 0 n S W h I I e m I n I m I Z I n g
La Jolla, California 92093
ol Gl large data transfers over
Sasa Mutic
Department of Radiation Oneology, Washington University in St. Lowis, St. Louis, Missouri 63110 N etWO I k
(Received 2 October 2013; revised 7 November 2013; aceepted for publication 19 November 2013; n H
published 17 December 2013) A Parallel Computathn
?his Viz_aiu_n 20020 paper _cunsidcrs v_vhal computational advancuslarc lil.u:ly to be i]‘ﬂplt‘.ml.:l'chd in clin- A d |St rl b u te d C aI cu I atl on
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- fram ewo rks fo r d ose C aI Ccu I a.tl on
gregate data analyses, parallel computation, and sutomation, As these developments promise both .
new opportunities and new mk.\ to clinicians and PaLians.alikc{ |.?'Jl: pu_lcnlial bum_:fiLs are wcighud an d e nte rprl se Software Syste ms
against the hazards associated with each advance, with special considerations regarding patient safety
under new computational platforms and methodologies. While the concerns of patient safety are le- (H P C G P U )
gitimate, the authors contend that progress toward next-generation clinical informatics systems will L ! h
bring about extremely valuable developments in quality improvement initistives, clinical efficiency,
outcomes analyses, data sharing, and adaptive radiotherapy. @ 2014 American Association of Physi- A Ag, g re g ate d ata an aIyS e S
cists in Medicine. [hitp:/idx.dotorg/10.1118/1.4842515] A th e Sy n t h es I S Of q uan t I tat I ve

information from a multiplicity
of measurements

A Automation
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Radiology Oncology workflow
A multi-actor and technological environment
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The Radiation Oncology staff

e

Radiation oncologist
Medical Physicist
Radiation Therapist

oDosi metristo

Nurse

Secretary
System Administrator (=Medical Physicist

A Each of theseperators can have access to the data with different ri

A Every their actions must be registered by the system of manageme
the whole treatmeni(s er name, p as Lwywieeledaévdlie:
to theactivities around the)pt
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Record & Verify System

The software that checks the TX parameter (position of the couch, collimator,
gantry, leaves positions, and any beam modifiers etc) before a treatment is
given.

It [inks with the TPS or PIS and the control system of the linear accelerator or
TDS (often the R&V system is part of the control system)

It has tolerance levels built into them. These allow some parameters to be
allowable as long as they are within a certain range of the expected value.

Different parameters have different tolerance levels (depending on the type of
technique too)

A username/password entry so staff can authorize a TX

Patient Information System

The information infrastructure which is directly related to the planning (TPS),
delivery (TDS), quality assurance, and archival of patient treatments
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Interactions

TPS | TMS| R&V DS




R&V (V&R) functionality

O The R&V S Verifies and Records all aspects of each individual TX

~

O Eachtime the patient is treated, the linac requests the TX parameters
from the R&V, sets the beam-defining devices, informs the R&V of its
positions, and waits for the R&V to verify that the positions are within

tolerance

O Once the linac receives the approval, it delivers the radiation and sends
the delivered treatment information to the R&V so that it can record the
dose (dose tracking) and treatment parameters that were used to treat
the patient

O This process of downloading, verifying, treating, and recording is
repeated for every single treatment field. There is also a transfer of

|l mages, structure sets, marker s,
fractiono bl a bl a)




Record & Verify and Patient Information System

Network infrastructure: robustness!!

It is important that the network infrastructure efficiently handles the transfer of
these large amounts of data, otherwise patient treatment could be either
delayed or compromised

The most common networks that an end user encounters are the LANs (Local Area Network).
As implied by the name, LANSs usually reside in a single building, in a complex of buildings
or on a campus up to a few kilometers in size (less than 10 km).(?) They are mostly used to
share resources (such as printers, files, internet connections, etc.) and exchange data among
components of the local IT infrastructure (personal computers, workstations and servers).
The other main attribute that discriminates LANs from other network types is the in-advance
knowledge of all main network characteristics (size, physical layer technologies and topology).
Both the small size and the in-advance knowledge of the main network characteristics make
LANSs simpler to design and manage when compared with other network types. LANs are
common in Radiology and RO departments, and must have sufficient bandwidth for specialized
services. In some cases 100 Mbps is insufficient for quality data transfer. These networks must
also have high availability support mechanisms in order to archive and backup digital data that
developed in order to support the plethora of different client and/or server systems throughout
the hospital. Real-time treatment support requires an extremely high uptime for these networks,
so the network architecture must be designed with alternative routes in case of failure. Medical
physicists should be consulted when the systems are being designed.

Wireless networks have additional considerations. Current technology limits the transmission
speed to approximately 140 Mbps, so these may not be suitable for some applications. Their
operating frequencies (2.4 to 5 GHz) may also interfere with those of other RF systems, or the
other systems (e.g. linac at 3 GHz) may cause problems for these networks. Finally, security
policies for wired and wireless networks may be different and the impact of this on clinical
systems must be discussed with the medical physicist.

Siochi et al.: RO IT resource management, JACMP, 2009



iIn RO (Siochi, 2011)

JOURNAL OF APPLIED CLINICAL MEDICAL PHYSICS, VOLUME 10, NUMBER 4, FALL 2009

Information technology resource management in
radiation oncology

R. Alfredo Siochi,'# Peter Balter,? Charles D. Bloch,® Harry S. Bushe,*
Charles S. Mayo,* Bruce H. Curran,” Wenzheng Feng,®

George C. Kagadis,” Thomas H. Kirby,® Robin L. Stern®

Department of Radiation Oncology,’ University of Towa Hospitals and Clinics, Towa City,
I4, USA; UT MD Anderson Cancer Ceniter,? Houston, TX, USA; Department of Radiation
Oncology,” Washington University, Saint Louis, MO, USA; Radiation Oncology Dept.,”
UMass Medical Center, Worcester, MA, USA; Depariment of Radiation Oncology,” Rhode
Island Hospital, Providence, RI, USA; Department of Radiation Oncology,® William
Beaumeont Hospital, Royal Oak, MI, USA; Department of Medical Physics,” School

of Medicine, University of Patras, Rion, Greece; Global Physics Solutions/Univ. New
Mexico,” Albuguerque, NM, USA; Department of Radiation Oncology,” University of
California, Davis Health System, Sacramento, CA, USA.

ralfredo-siochi@uiowa.edu

Received 2 May 2009; accepted 24 May 2009

The ever-increasing data demands in a radiation oncology (RO) clinic require
medical physicists to have a clearer understanding of information technology (IT)
resource management issues. Clear lines of collaboration and communication
among administrators, medical physicists, [T staff, equipment service engineers,
and vendors need to be established. In order to develop a better understanding of
the clinical needs and responsibilities of these various groups, an overview of the
role of IT in RO is provided. This is followed by a list of [T-related tasks and a
resource map. The skill set and knowledge required to implement these tasks are
described for the various RO professionals. Finally, various models for assessing
one’s [T resource needs are described. The exposition of ideas in this white paper
is intended to be broad, in order to raise the level of awareness of the RO com-
munity; the details behind these concepts will not be given here and are best left
to future task group reports.
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Summary

 Radiation Oncology Informatics deals with
— The IT infrastructure to plan and deliver
radiotherapy and participate in clinical trials
— The information science needed to analyze
clinical data
— The infrastructure to gather massive amounts
of data

— The improvement of clinical practice, safety,
and quality

AAPM/COMP 2011 Vancouver

Infrastructure Summary

Computers with RT applications:
— Treatment Planning System
— Treatment Management System (“V&R")
— Treatment Delivery System (Linac control console)
Servers
— DB servers
— Web server
— Wiki host server
Archiving and Backup
Networks
— Data transfers, e.g. DICOM: images and RT plans
— Access to servers

AAPM/COMP 2011 Vancouver ﬂ'
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At the very beginning, only the R&V (0 V&R)
systems

Record and verify systems (RVSs) were initially developed to
reduce the risk of treatment errors, where the treatment

parameters used for a given fraction were set manually and
could differ from the oOprescrib
[IAEA, HHR No.7 2013]

fProgrammable Electrical Medi
peripherals, that is used to compare
to predetermined set-up conditions prio
Treatment and each Treatment session, an
It also provides a means of preventing the mach
not the same as the pre-set intended set-up, within

IEC 62274 ed.1.0, «Safety of Radiotherapy RVSs», 2005
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Afterwards.. not-only R&Vs but CCDTS

Int.J. Radiation Oncology Biol. Phys., Vol. 71, No. 1, Supplement, pp. $98-5102, 2008
Copyright © 2008 Elsevier Inc.

Printed in the USA. All righis reserved

0360-3016/08/S—see front matier

ELSEVIER doi:10.1016/j.ijrobp.2007.05.089
QA FOR RT SUPPLEMENT

QA ISSUES FOR COMPUTER-CONTROLLED TREATMENT DELIVERY: THIS IS NOT
YOUR OLD R/V SYSTEM ANY MORE!

BENEDICK A. FrAAss, Pa.D.
Department of Radiation Oncology, University of Michigan Medical Center, Ann Arbor, MI

State-of-the-art radiotherapy treatment delivery has changed dramatically during the past decade, moving from
manual individual field setup and treatment to automated computer-controlled delivery of complex treatments,
including intensit; dulated radiotherapy and other similarly complex delivery strategies. However, the quality
assurance methods typically used to ensure treatment is performed precisely and correctly have not evolved in
a similarly dramatic way. This paper reviews the old manual treatment process and use of record-and-verify sys-
tems, and describes differences with modern computer-controlled treatment delivery. The process and technology
used for delivery are analyzed in terms of p ial (and actual) problems, as well
as relevant published guidance on quality assurance. The potential for improved quality assurance for computer-
controlled delivery is discussed. © 2008 Elsevier Inc.

-controlled tr

Computer control, Treatment delivery, Quality assurance, Intensity-modulated radiotherapy, Image-guided
radiotherapy.

Computer-controlled treatment
delivery (CCTD) process

R&V is a part of the control
system of the delivery process

AQuality Assurance of Ra
Chall enges of Advanced

Dallas, TX, 20-22 febraury, 2007
[ASTRO, AAPM, NCI]

A It was the 1980s before the first
commercial CCTD System, the
Scanditronix MM50 Racetrack
Microtron, became available. (..)
incorporated a fully computerized
control system, MLC, and photon and
electron beams (to 50 MeV) flattened
with CC-scanning

A (..) Modern RT is performed with CCDS
which are electronically linked to the
TPS

A (..) Random transcription errors, which
invariably happen as human transfer
information manually, are no longer the
most important issue, as transfer are
automated

A More important are the much less, but

i a qtengiall more severe 1s)Astematic
Te ¢8I0k, WhithRaahceur, especially in

interface between systems



Control Console (R)evolution (TDS)

HOMERSAPIEN



The evolution of the process

Increasing Complexity: Increased Chance of Error?

' ~N
Z?‘fofé?ga" \ Modern
b J RT
I g

Eric Ford, Future of Radiation Medicine,
Feb 17, 2011, Scottsdale, AZ



TMS, RTIS, OIS, PIS and other acronyms

AR&VSs are Omedical devi ceRadotherapy) ev
Information Management Systems that interface with Imaging Systems,

Treatment Planning computers (TPS) and Treatment Delivery Systems
(TDS) [IAEA, 2013]

TMS A Treatment Management System  Raditherapy

RTIS A Radiation Therapy Information System oo |mearvewr| Gl
DMS A Data Mangement System Diagaosis S Labvanes
OIS A Oncology Information System i E
EMR A Electronic Medical Record System Comervidie S

EHR A Electronic Health Record System

ATMS is typically a combination of an OIS with R&VS
[Siochi et al., JACMP, 2011]
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Treatment planning Hospital information
Imaging and simulation system Patient
management
(schedule) RT-PACS

Image T [ [ A
transfer Immobilization Patient
]

. identification ;
i Patient set-up i
| > |
- Plan transfer Console

Treatment planning | Selup transfer Record and verify :

syslem | system ;
! i
E DRR transfer Machine sel-up Treatmeft machine
i Figlil AEA HHR
I Sat-up ; Treatment
; correction : delivery
i 5
; Position |
B A R vedfication ____ | ___________ E
infermation, e.q.
DRRs, portal
images
Patient electronic
chart

R&V systems have evolved in DBs that include not only treatment machine parameters, but
also scheduling, images, assessments, document import and Health Level 7 (HL7) support
(Siochi et al., JACMP, 2009)
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Todayethe cl oud




Advances In Radiation Oncology

U Developments hold promise to

Vision 20/20: Automation and advanced computing in clinical radiation |mprov§ clinical radiation OnCOlOgy
oncology computing

Kevin L. Moore®!
Department of Radiation Medicine and Applied Sciences, University of Califarnia San Diego,
La Jolla, California 92093

A Cloudbased service models

George C. Kagadis

Department of Medical Physics, School of Medicine, University of Patras, Rion, GR 26504, Greece A serve F(‘) I é S ﬁ d @ 7\ N\Ij d ZI f
Todd R. McNutt T
Department of Radiation Oncology and Molecular Radiation Science, School of Medicine, th at faC| I |tate I’e m Ote U Se I'
Johns Hopking University, Baltimore, Marviand 21231 d I I d
il Moo access and leverage centralize
Depariment of Radiation Medicine and Applied Sciences, University of California San Diego, H H 11 1= 1
Lofolla Calformia 093 T e AR computations while minimizing
Sasa Muic large data transfers over
Bepariment of Radiation Oncology, Washington University in St. Louis, 8t. Lowss, Missouri 63110
{Received 2 October 2013; revised 7 November 2013; accepted for publication 19 November 2013; n etWO r k
published 17 December 2013) 1
A Parallel computation
Thus Vision 20120 paper considers what compulational advances are likely to be implemented i clin- - . . .
ical radiation oncology in the coming years and how the adoption of these changes might alter the A d |Str| b uted Cal cu Iatl on
practice of radiotherapy. Four main areas of likely advancement are explored: cloud computing, ag- .
gregate data analyses, parallel computation, and automation. As these developments promise both fram ewo rkS fOr d ose Cal Cu Ia.tl on
new opportunities and new risks to clinicians and patients alike, the potential benefits are weighed .
against the hazards associated with cach advance, with special considerations regarding patient safety an d e nte rp rse SOftware SySte ms
under new computational platforms and methodologies. While the concerns of patient safety are le-
gitimate, the authors contend that progress toward next-generation clinical informaties systems will (H P C ’ G P U ' )
bring about extremely valuable developments in quality improvement initiatives, clinical efficiency, A
oulcomes analyses, data sharing, and adaptive radiotherapy. © 2014 American Association of Physi- A Ag g re g ate d ata an aIyS e S
cists in Medicine. [hitp:/fdx.doi.org/10.1118/1.4842515] A th e Sy nth es | S Of q u antltatlve
information from a multiplicity
Med Phys, 41(1), Jan 2014
IS of measurements

A Automation



Record & Verify and Patient Information System

Computing Systems in RT - New paradigms

Cloud Computingisn a mo demdblind ubiguitous, convenient, on-
demand network access to a shared pool of configurable computing
resources (e.g. networks, servers, storage, apps and services) that can
be rapidly provisioned and released with minimal management effort or

service provider interactiono ( NI ST, 2011)
Single workstation Virtual machines
model parallel computing environments
CLIENT-SERVER \ wts 2.0 CLOuUD MOBILE HYBRID MOBILE CLOUD
cucn'r - Cloud-based
I service
I : : models
IP NE'thORK I‘ ‘ ‘ - Aggregate
I : : data
I — —— oo ———— g — B st .
I | o g —RI—T analysis
SERVEI? I : % %u :% | - Parallel
' ' computation
=Gt Ay
I , ‘ ; ‘ - Automation
\ , Hwiyoung Kim, 2014

- s -

Wedre stildl here (19800s!)
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Stratosphere of Cloud Computing

The Cloud Computing Stratosphere A CaaS = Communication As A Service
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Cloud Computing in RO - literature

3694

VMAT Treatment Planning Using Cloud Computing

Y.Na,' D.S. Kapp,' Y. Kim,' T. Suh,” and L. Xing'; ‘Stanford University,
Stanford, CA, *“The Catholic University of Korea, Seoul, Korea, Republic of
Korea

Piys Med Biol. 2011 September 7; 56(17): N175-N181. doi: 10.1088/0031-9155/56/17/N02.

Toward Real-Time Monte Carlo Simulation Using a Commercial

. Purpose/Objective(s): Cloud computing is becoming increasingly used as
Cloud Computing Infrastructure+

a platform to improve the computational efficiency of radiation treatment
planning processes. The purpose of this study is to develop a cloud-based
VMAT dose optimization framework and evaluate the performance
improvement of the new platform.

/ A cloud puting-based radiation treatment plan-
ning system (cc-TPS) associated with the type of virwal hardware speci-
fications for the master and worker was developed for clinical treatment
planning. Three de-identified clinical head and neck, lung, and prostate
cases were used to evaluate the cloud computing platform. The de-iden-

10P PUBLISHNG Prysics i MEDICaE anp BioLooy

doi: 10 TOBRM031-91 35/ 581 8/6525

Henry Wang®, Yunzhi Ma?, Guillem Pratx?, and Lei Xing?
aDepartment of Radiation Oncology, Stanford University School of Medicine, Stanford
94305-5847

bDepartment of Electrical Engineering, Stanford University, Stanford, California 94305

Phys, Med. Biol, 58 (2013) 6525-654)

Abstract Toward a web-based real-time radiation treatment

Where decoveries e detvered™

Purpose—Monte Carlo (MC) methods are the gold standard for modeling photon and el
transport in heterogeneous medium; however, their computational cost prohibits their rout
in the clinic. Cloud computing, wherein computing resources are allocated on-demand fro:
party, is a new approach for high performance computing and is implemented to perform 1
MC calculation in radiation therapy.

Methods—We deployed the EGS5 MC package in a commercial cloud environment. La
from a single local computer with Internet access, a python script allocates a remote virtuz
¢cluster. A handshaking protocol desi master and worker nodes. The EGSS binaries ¢
simulation data are initially loaded onto the master node. The simulation is then distribute:
independent worker nodes via the Message Passing Interface (MPI), and the results aggreg
the local computer for display and data analysis. The described approach is evaluated for |
beams and broad beams of high-energy electrons and photons.

Results—The output of the cloud-based MC simulation is identical to that produced by t
single-threaded implementation. For 1 million electrons, a simulation that takes 2.58 hour
local computer can be executed in 3.3 minutes on the cloud with 100 nodes, a 47x speed-u
Simulation time scales inverselv with the number of parallel nodes. The parallelization ov:

cent advances in
ntially improved
s a layer of abstr
2 calculations are

Cloud Computing in Radiation Therapy

Kevin L. Moore, Ph.D., DABR

AAPM, Meeting 2014

MOORES CANCER CENTER

planning system in a cloud computing environment

Yong Hum Na'-**, Tae-Suk Suh?, Daniel S Kapp' and Lei Xing'

_' Departrnent of Radiation Oncalogy, Stanfond University, Stanford, CA 84305 USA
N of B teal Engineeting, The Catholic University of Korea, Seoul, Kores

E-mail: yhna@stanford eda

Received 29 January 2013, in final form 12 July 2013
Published 3 September 2013
Online at stacks.iop.org PMB/5SR/6525

Abstract

To exploit the potential dosimetric advantages of intensity modulated radiation
therapy (IMRT) and volumetric modulated are therapy (WVMAT), an in-depth
approach is reguired Lo provide efficient computing methods. This needs
incorporate clinically related organ specific constraints, Monte Carlo (MC)
dose calculations, and large-scale plan optimization. This paper describes our
first steps toward a web-based real-time radiation treatment planning system in
a cloud computing environment (CCE). The Amazon Elastic Compute Cloud
(EC2) with a master node (named m2.xlarge containing 17.1 GB of memory,
two virtual cores with 3.25 EC2 Compute Units each, 420 GB of instance
storage, 64-bit platform) is used as the backbone of cloud computing for dose
caleulation and plan optimization. The master node is able to scale the workers
on an ‘on-demand’ basis. MC dose calculation is employed to generate accurate
beamlet dose kernels by parallel tasks. The imtensity modulation optimi zation
uses total-variation regularization (TVR) and generates piecewise constant
fluence maps for each initial beam direction in a distributed manner over the
CCE. The optimized fluence maps are segmented into deliverable apertures.
The shape of each aperture is iteratively rectified to be a sequence of ares
using the manufacture’s constraints. The output plan file from the EC2 is sent
1o the simple storage service. Three de-identified clinical cancer treatment
plans have been studied for evaluating the performance of the new planning
platform with 6 MV flattening filter free beams (40 x 40 em®) from the
Varian TrueBeam™ STx linear accelerator. A CCE leads to speed-ups of up
14-fiold for both dose kernel calculations and plan optimizations in the head and
neck, lung, and prostate cancer cases considered in this study. The proposed
system relies on a CCE that is able 1o provide an infrastructure for parallel
and distributed computing. The resultant plans from the cloud computing are

tified clinical data encrypted with a 256-bit Advanced Encryption Standard
{AES) algorithm were uploaded to Simple Storage Service (S3). After the
Monte Carlo (MC) dose calculation and large-scale plan optimization, the
output plan files were encrypted with the same algorithm in 3 to be
downloaded to the user Typical VMAT plans were generated for
the three de-identified clinical cases to determine the quality of the treat-
ment plans and computational efficiency. All plans generated from the cc-
TPS were compared to those obtained with the PC-based TPS (pc-TPS).
The performance improvement of VMAT treatment planning in this study
was quantified as speedup factors and performance ratios (PRs). Speedup
factor is defined as the ratio of computation time for MC dose calculation
and treatment plan optimization with different number of workers in cloud.
The PRs indicate the actual amount of performance improvement between
the cc-TPS and the pc-TPS.

Results: The isodose curves of VMAT plans on both cc-TPS and pe-TPS
were identical for each of the de-identified clinical cases. Speedup factors
of the dose calculations and plan optimizations were improved up to 14.0-
folder dependent on the clinical cases. The PRs were approximately 1 for
both plans when the cc-TPS was used with only l-worker. The PRs for
VMAT plans are 1.0 < PRs < 10.6 for the head and neck case, 1.2 < PRs
< 13.3 for lung case, and 1.0 < PRs < 10.3 for prostate cancer cases.
Conclusions: The cc-TPS can dramatically improve the computational
efficiency and infrastructure cost of VMAT planning while maintzining the
high quality of treatment plan.

Author Disclosure: Y. Na: None. D.S. Kapp: None. Y. Kim: None. T.
Suh: None. L. Xing: None.
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RO manages, produces and shares a lot of
different types of data
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OIS needs to be connected with Hospital
Information System HIS

O Download Patient Registration or Demographics
iInformation (ADT)

O Upload Billing information

O Upload Radiation Oncology scheduling and
treatment summary

Patients are typically registered in the HIS hospital-wide information system,
which serves as a source of patient demographic, billing, and insurance
information (USA)

The HIS also provides clinical, laboratory, and radiology information

The communication between the hospital and departmental system for
registration, billing, and transcription, is usually HL7 interface-based (that is
encoded using the Health Level 7 HL7 standard)



DICOM

Modality

Record & Verify and Patient Information System

RO could be integrated into PACS-RIS

Diagnostic

Workstations (DICOM)
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DICOM (Digital Imaging and
Communications in Medicine standard)

O Duringthe 1980s theeedor simplificatiorandstandardizatiobecame
apparenin orderto ensureandmaintairconnectivityandinteroperabilitpf
allpiece®f equipment

O Themedicakquipmenindustryrepresenteby the Nationdktlectrical
ManufacturerdssociatiotNEMA and themedicatcommunityrepresentely
the American College Bfadiolog\ACR,joinedforcesto developghe Digital
Imagingand Communications in Medicine standard (DICOM)

T h evinmed r ewasDICORI v3

DICOM wasfirst developedb addressonnectivityandinteroperabilityn
radiologybut thenit wasextendedo othermodalities

Or O

Duringthe RSNA conference in 1994, a meetasypeldatwhichaclear
needwasexpressefbr standardizatioof the wayadiotherapgata guchas
treatmenplansdosesand images) amansferredrom onepieceof
equipmento anotherex. TPS (BRAND A), LINAC (BRAND B)
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DICOMS3: basics (1)

ODICOM v3.0 standard is large and consists of 16 different parts, each

part addressing a particular functional side of DICOM
OThe standard defines fundamental network interactions such as:

ONetwork Image Transfer: Provides the capability for two devices to
communicate by sending objects, querying remote devices and
retrieving these objects

OOpen Media Interchange: Provides the capability to manually
exchange objects and related information (such as a report). DICOM
standardizes a common file format, a medical directory and a physical
media. Examples include the exchange patient imaging study for
remote consultation

Olntegration within the Health Care Environment: Hospital workflow
and integration with other hospital information systems have been
addressed with the addition services such as Modality Worklist,
Modality Performed Procedure Step, and Structured Reporting. This
allows for scheduling of an acquisition and notification of completion



DICOMS3: basics (2)

O Data Element
- Unit of information, with defined data type and structure

-Standard el ements are uniquely
(e.g. patient name, CT slice position, gantry angle)

O Information Object

- Set of elements which together describe a physical entity, like
a document (e.g. CT scan..)

O Service Class

- Action which can be performed on information objects to
facilitate the network functionality (e.g. transferring data
between systems, archiving to media, printing)

O Service Object Pair (SOP)

- A defined action which can be performed on a particular
object (e.g. CT image can be printed)
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Multiplicity of data and RO-specific data

Structures

O

O Plan (geometrical parameters, MU, position leaves, constraints,
tolerances tabl esé)

O RT-DOSE

O DVHs

O Registration transform

O

Radiobiological values
Setup patient data
IGRT/ART data

Delivery data

In-vivo dosimetry results
Patient-QA summary
(Clinical) decisions

é

O O O O O O O



DICOM-RT objects (1)

At the end of 1999, an ad-hoc Working Group, later to become
Working Group 7 defined 7 Radiotherapy DICOM Object:

1. RT Structure Set: containing information related to patient
anatomy, for example structures, markers and isocenters. These
entities are typically identified on devices such as CT scanners,
physical or virtual simulation workstations or TPS

1. RT Plan: containing geometric and dosimetric data specifying a
course of TX and/or BT (e.g. beam angles, collimator openings,
beam modifiers, and BT channel and source specifications)

The RT Plan entity is created by a TPS before being transferred
to a R&V system or treatment device

An instance of the RT Plan object usually references an RT
Structure Set instance to define a coordinate system and set of
patient structures



DICOM-RT objects (2)

3.

RT Image: specifying radiotherapy images that have
been obtained on a conical imaging geometry, such as
those found on conventional simulators and portal
Images (EPID). It can also be used for calculated
Images using the same geometry, such as digitally
reconstructed radiographs (DRRS)

RT Dose: containing dose data generated by a TPS In
one or more of several formats: 3D dose data; isodose
curves; DVHSs; or dose points

567.RT Beams Treatment Record, RT Brachy Treatment

Record and RT Treatment Summary Record:
containing data obtained from actual RT treatments.
These objects are the historical record of treatment and
are |1 nked with t he dotnmhaer
complete picture of the treatment

N
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Patient-data: Dicom and Dicom-RT

DICOM — RT Extension
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Dicom file
Representation of patient name element
Physical encoding depends upon specified
transfer / storage format
Preamble (128 bytes)
Prefix (“DICM?”)
Data Element 1 Tag Value Value Value
Representation Length
Data Element 2 (0010,0010) PN 10 Joe Bloggs

Data Element n



e.g. Imaging: CT-planning (.dcm)

Tag | Attribute Name | VR | Value
0002,0013) | Implementation VersionName, (S IOFFIS_ DUMTE 352
0008 0008) Image Type _ IORIGINALPRIMARYWAXIAL
(O008,0016) SOPClassU D : 11.2.840.10008.5.1.4.1.1.2
(0008001 8) ISOP Instance UID U1 1 28401136192 22,287 35128 243 1.3, 19_200311 17200530
(000800207 | SdyDate DA 20031117
(0008,0022) A cquisition Time ﬂ- 100450.674
(0008, 0060) [Modality - f
0008 0070) IManufacturer IGE MEDICAL S5YSTEMS
{O008,0080) Institution N ame IEDINBURGH CANCER CENTRE
(0018,0022) | ScanOptions IHELIC AL MODE
00118,0050) | Slice Thickness (5.0

(0018,5100) | PatientPosition s fHFS

J(0019,0010) {Progrictary Tag _ACQLU_01

l0020,0032) [limagePositionPatient | 250.01-250,025.0

(0020,0037) limageOricntationPatient | 1000 000,00, 00OV

(0020, 1041 ) | SliceLocation 12510

(0027,0010) | Proprietary Tag : CIMAG 01
l0.9765625) 97635625

(0028, 0040 | PixelSpacing ]
O028,0100) | [BitsAllocated : 116

0028 0101 ) [ BitsStored j 6
(0028, 1050) | [WindowCenter o 1200
((0128,1051 )| (WindowWidth D 3500
H0028,1052) | Rescalelntercept 5 0.0
(028, 1053) [RescaleSlope 3 1.0

TFEDO010¥ PixelData OWIO B2 24P QAR 24O 24N ..



RT-structure set (.dcm)

Tag Attribute Name ||V Value
008,001 8) OPInstanceUID 1 [1.2.840.113619.2.832162544279.12377.1069165019.472
HO00%,0060) odality %t’ TSTRUCT
(0008, 103E) eriesDescription LD | Adv Sim RT Structure Sets
(000, 1090) anufacturerModelName L0 [Advantage Sim
(0018,1000) | DeviceSerialNumber L0 [80e5ce97 |
(0018,1020) oftwareVersion Lo [5.0.13 ;
(3006,0004) tructureSetName \prostate i
(3006,0008) [StructureSetDate &‘1 20031118 '

>(3006,0024) ROIDisplayColor
B 3006,0016) ]]Cmtnu:nnagasequmm

= 3006,0042)
= 3006,0044) tourSlabThickness
5a(3006,0046) | NumberOfContourPoints

5{3006,0050) ﬂammumam

>{3006,0084) | ReferencedROINumber
>{3006,0085) | ROIObservationLabel
S(3006,00A4) |IRTROInterpreted Type
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i Tag Attribute Name VR Value
(D008, 0060) ity (CS [RTPLAN

(300A,0002) TPlanLabel 'SH [final_beamns

(300A,0006) TPlanDate DA ZOOG1119

={I00A.00B2) | TreatmentMachineName ISH [f1a4:;

>(300A.00B4) | Source-AxisDistance DS 1 1000.0

==(300A,00B8) | RTBeamLimitingDeviceType 105 |MLCX

20004 1900\ 180001 70,04 160.00-150.0\- 140.0
130.00-120.0:-110.00- 100.0...

CS IASYMY

== 300A,00BC) NumberOfLeafTawPairs
= 300A,00BE itionBoundaries
== 300A,00BR) | RTBeamLimitingDevice Type

b:(imnmﬂcﬁmhemm awPairs

S(300A.00C0) | BeamNumber
>(300A.00C2) amMName iLO/|
S(300A.00C4) |BeamType (CS ISTATIC
=(300A,00C6) iationType s
=300A.00CE) | TreatmemDelivervType
=(300A.00D0) | NumberOfWedges

=(300A00ED) | NumberOfCompensators
={300A,00ED) | NumberOfBoli

=(300A.00F0) | NumberOfBlocks HE
~(300A,010E) | FinalCumulativeMetersetWeight (DS | 100.0
{0008, 1150) erencedSOPClassUTD I |

{1.2.840.10008.5.1.4.1.1.481 .3
=(0008,1155) eferencedSOPInstanceUID I41.2.840.113619.2.832162544279.12377.1069165015.472
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Dicom Conformance Statement

AThe standard specifies that the manufacturer of any device
claiming DICOM conformance shall provide a DICOM
Conformance Statement that describes the DICOM
capabilities of its medical equipment

A Conformance statements provide a foundation to determine
connectivity and assess the potential inter-operability of two
products, and in some cases identify potential problems

Altis not sufficient for a vendor to simply claim conformance to
DICOM

AThe statement #fAThis product i1 s L
the radiotherapy domain, in which inter-operability is a very
complex issue

AFor RT applications, it is usually not possible to determine
iInteroperability a priory i this must be established through
extensive testing
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Storage

O RAID (Redundant Array of Inexpensive Disks) disks
generally required

: Can automatically make duplicate copy of all data, and alert

user if one copy/disk fails before both copies are lost

O Backup servers are important too

O Ideal final archive:
O RT-PACS
O RT-Cloud
O ..new IT solutions
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The actors: Mosaiq (Elekta)

(9Elekta COMPANY PRODUCTS & SOLUTIONS ~MEDICAL AFFAIRS  SERVICES INVESTORS | @ Contact Community | Q

MOSAIQ® Radiation Oncology

Efficient care management for radiation oncology.

Keep care teams informed and work flowing smoothly with an 7/

integrated information system

Y
y//;,,/,,

Elekta Care Management software helps you efficiently manage all
aspects of your radiation oncology program. With MOSAIG Radiation
Oncology, all patient information is collected and accessible, from

diagnosis through treatment and follow-up, so you can deliver the Radiation Oncology Information System

best possible care for every patient.

MOSAIQ Radiation Oncology helps you:

® Simplify the management of complex treatments and o

Cunrre Fapments Ledpas Wisdow Hep

techniques with automated and customizable workflows 8 z A B ¢ & v v @

-~
QL Mum Code Mt« fvxm Damet i reges Fesiate RO Tmar Quick O Alp'Airt Mety

MR

® Fersonalize treatments with automated decision support for

more informed clinical decision making

2RO gy STRCTRLASEL
TS0y

CELLRLLLQY
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The actors: Aria (Varian)

VO rl a n ONCOLOGY PROTON THERAPY ABOUT VARIAN

ARIA OIS FOR RADIATION

ONCOLOGY

Now with security enhancements.

# > Oncology > Products > Software SHARE m a n

Overview Clinical Benefits Workflow Interoperability ONC Certification QPP Resource: »
hd

ARIA® Oncology Information System

The ARIA® oncology information system is a comprehensive information and image management solution that lets you oversee all aspects of oncology
care for your patients. ARIA combines radiation, medical and surgical oncology information into a complete, oncology-specific EMR that allows you to
manage the patient's entire journey—from initial diagnosis through post-treatment follow-up. With the latest version of ARIA v15, we've re-engineered
the software with security enhancements such as encrypted communications to help protect patient data from malicious attacks, and secure logins with
your existing clinical environment credentials to ensure up-to-date authentication. The added data protection and improved user experience helps fight
against data breaches so you can focus on providing seamless, simplified, and secure patient care.

With ARIA, you can:

- Evaluate diagnosis-specific data to compare acute responses to treatment and long-term clinical outcomes
- Develop disease-specific clinical protocols to facilitate a standard, consistent quality of care

« Monitor radiation dose and review treatment images to determine if plan changes are required

« Make confident decisions with the aid of embedded rule-based decision support

Complementary Products

ARIA® OIS for Medical 360 Oncology InSightive" Analytics FullScale” Oncology IT
Oncology Solutions
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The actors: RayCare (Raysearch)

RaysEarch = PRODUCTS SERVICES CAREER INVESTORS MEDIA ABOUT
Laboratories

=5« RayCare

ONE ONCOLOGY » e /. / A

WORKFLOW /N

[+2 W
THE NEXT-GENERATION OIS / -
///
RaySearch s PRODUCTS SERVICES CAREER INVESTORS MEDIA ABOUT
Laboratories

e

| EeFE H==

— : A A
[ e . [
%‘mﬂ" | rienieed . ‘ 9 s‘v': 2
: v ]

p—s
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QAT : what does it mean?




QAIT (R&VSs) In RO - guidelines

O Many documents mentioned them

® Most recent and dedicated documents:

O IAEA HHR No. 7: 2013

O Canadian Guidelines (Canadian Partnership for Quality in RT):
27 Jan 2017

O Key-words

O ANR&V eIl ated errorso (systematic
O Data TX-transfer

O Integrity

O Logical Consistency

@)

C Not useful documents: not updated up
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R&VSr el ated error s: Nt axec

O Data transfer: corrupted data or lack of
registration or incorrect registration (criticism
in software /network)

O Manual input
O Violation of approved procedures (override)
O Inconsistency followed a Plan-revision

Table 1. R&V-related radiotherapeutic errors TABLE 1. TYPICAL ERRORS ENCOUNTERED IN DAILY USE OF RVSs

Error Origins Contributing factors Error description Possible origin

Incorrect setting of one treatment parameter (could remain undetected (1) Error in manual input of reference parameters in the
during whole treatment course) — critical for treatment time/MUs RVS

and for large errors in jaw setting (e.g. inversion of direction for an (2) Incorrect data transfer

asymmetric field) (3) Mix-up of automatic transfer and manual correction

Incorrect patient Failure to positively identify patient Accessing patient’s R&V file before arrival
Unfamiliarity with patient

Inadequate staff communication

Incorrect data file

Incorrect site

Incorrect beam
modification

Entry of incorrect treatment parameters

Treatment administered to incorrect volume

Use of devices not recognized by the R&V
system

Failure to verify R&V file data

Manual R&V data entry rather than electronic data
transfer

Excessively liberal overriding privileges

Excessively broad tolerance table allowances

Nonfixed positioning device

Ambiguous patient or positioning device markings

Inadeq staff ication

Nonfixed treatment device

Noninterlocked treatment device

Ambiguous patient or tr

Inadequate staff communication

device markings

Patton GA et al., Facilitation of Radiotherapeutic
error by computerized R&Vs
IJROBP., Vol. 56, No. 1, 2003

MUs calculated with wedge but treatment performed without wedge

MUs caleulated for dynamic movement of the leaf (intensity

modulated radiation therapy), but treatment performed with open

static field

Part of the treatment with incorrect parameters (e.g. MU, field size,

MLC setting, gantry er collimator rotation, wedge filter)

Treatment of the wrong patient

Treatment of the wrong site

Wrong number of fractions given

(doing the same corrections twice)

(1) Erroneous manual input of wedge type identification

(2) Automatic data transfer from TPS, but RVS fails to
identify the presence of the wedge (e.g. after update of
the RVS software)

RVS software failure for unanticipated sequence of
operations (more likely to oceur after alteration of the
initial plan)

(1) Incorrect manual modification of RVS data after
treatment modification

(2) Proper correction of the plan data after treatment
modification but failure to transfer data back to the
RVS, or software failure when updating the files

(3) Discrepancy found at patient set-up followed by an
override with new actual values taken as reference

(4) Machine interruption fellowed by a loss of MUs
already given or improper recovery of the data

‘Wrong patient file selected without verification of the
consistency with actual patient (less likely if a photograph
is displayed)

Fixed patient position with respect to the table not ensured
(no indexing) and/or information from table coding not
used properly

Incomplete or inappropriate field scheduling from the
beginning or after treatment schedule alteration (e.g.
cancellation of a session)

Note: MLC — multileaf cellimator; MU — monitoring unit; RVS — record and verify system; TPS — treatment planning system.

IAEA HHR No.7 (IAEA, 2013)
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QAIT - AAPM TG53 (1998)

O Data transfer

American Association of Physicists in Medicine
Radiation Therapy Committee Task Group 53:

Numerous potential problems can develop
during the transfer of treatment planning
information from the RTP system to the paper
chart, treatment machine, R&V system, or
anywhere else. The issues listed in Table 3-23
must be considered as part of the QA

for the planning process

TaBLE 3-23. Data Transfer Issues

Plan information transfer by hand into a paper chart or record/verify sys-
tem is prone to significant transcription error rates.”

Blocks and compensators are made using information from the planning
system. The physical blocks and compensators should be verified for
correct size, shape, and placement in the treatment field. Verification
should be performed for simple and complex shapes of modifiers
associated with orthogonal and oblique fields.

MLC shape information is often transferred to (or from) the treatment
machine from the planning system.”“*~* This is clearly a critical quality
assurance issue, and must be carefully verified and routinely checked.

Several QA considerations for automatic transfer of the complete set of

plan information from the RTP system to the treatment machine or to its
record/verify system have been discussed in detail in recent papers on a

Computer-Controlled Radiotherapy System ®%37

Quality assurance for clinical radiotherapy treatment planning

Banadick Fraass"
University of Michigan Medical Center, Ann Arbor, Michigan

Karan Doppke
Maszachizens General Hospital, Boston, Massachusetis

Margie Hunt
Fox Chase Cancer Center, Phifadelphia, Pearsylvanic
ard Memorial Sloan Kettering Cancer Center, New York, New York

Gerald Kulcher
Memorial Stoan Kertering Cancer Cemier, New York, New York

George Starkschall
M. D Anderson Cancer Cemter, Houston, Texas

Robin Stern
University of Califorria, Davis Medical Center, Sacramenio, Califemia

Jake Van Dyke
London Regional Cancer Center, London, Omtario, Canads

[Received 15 December 1997; accepted for publication 4 August 199%)

In recent years. the sophistication and complexity of clinical planning and
planning sysiems has increased significantly, icularly including i i iomal (3D treat-
ment planning systems. and the use of conformal treatment planning and delivery technigues. This

has led o the need for a comprehensive set of ity 1QA} gubdelines that can be applied
to clinical treatment planning. This document is the report of Task Group 53 of the Radiation
Thegapy Committee of the American Association of Physicists in Medicine. The purpose of this
report is to guide and assist the clinical medical physicist in developing and implementing a
comprehensive but viable program of quality assurasce for modern radiotherapy treatment plan-
ning. The scope of the QA needs for treatment planning is quite broad, encompassing image-based
detinition of patient anatomy, 3D beam descriptions for complex beams including multileaf colli-
mater apenunes, 30 dose caleulation algorithms, and complex plan evaluation teols including dose
wolume histograms. The Task Group recomimends an osganizational framework for the task of
creating & QA program which is individualized to the needs of each institation and addresses the
issues of acce| ce festing. commissioning the planning system and planning process, routine
quality assugance, and ongeing QA of the planning process. This repon, while not prescribing
specific QA tests, provides the framework and guidance o allow radiation oncology physicists
design comprebensive and practical treatment planning QA programs for their clinies. © J998
American Asseclatton of Physiciss in Medicine. [SO094-2405(98)03410-5]

Key words: treatment planning, quality assurance, 30 treaiment planning

PREFACE

This document is the report of Task Group 53 of the Ra-
diation Therapy Commitiee of the American Association of
Physicists in Medicine (AAPM}. The purpose of this report
is to guide and assist the radistion oncology physicist in
developing and implementing a comprebensive but viable
program of quality assurance for radiotherapy treatment
planning. This repom is the first guidance on the topic of
treatment planning quality assurance (QA) from the AAPM,
although there age several selated reports,’ including the re-
cent report from Task Group 40 on Comprebensive QA for
Radiation Oncology.” Fusther expansion of AAPM recom-
mendations regarding treatment planning quality assurance is

likely after the radiation oncology community accumulates
aome experience with the approach recommended in this re-
port.

In recent years, the increased complexity of the reatment
planning process required to support such procedures as con-
formal radiotherapy has led w the need for a comprehensive
set of quality assurance guidelines that can be applied to
treatment planning systems that support this complex pro-
cess. This Task Group has been charged by the AAFM to
prepare this report recommending the scope and content of
necessary quality assurance procedures and the frequency of
tests, from aceeptance testing, charscterization and commis-
sioning te routine quality assurance of clinical system use.

1773 Mad, Phys, 25 (10), October 1998 D02 DSGBRES 10 TTHET/E 0.00 = 1998 Am. Assoc, Phys, Med, 1773



QAIT - IAEATRS No. 430 (2004)

O Output of the treatment planning information and
transfer of that information to the patient chart
and/or the treatment machine is an important
aspect of the planning and delivery process that
requires appropriate QA.

O Correct transfer is critical because any error or qan
misinterpretation of information transferred from TECHNICAL REPORTS SERIES NO.
the TPS to the therapy machine (or chart) will
result in a systematic error in all the treatment

TABLE 59. PLAN TRANSFER ISSUES

fractions that are delivered (..) Tou

TPS co-ordinates and  The TPS may use its own co-ordinates and Transfer test 1
scaling scaling system or ‘1; may r;]presen}:‘mach.ine
i . parameters according to the machine's system
O If files are transferred across a network, it should Mackine oo ordinses  Weatcoonioate ndscaligoplemars | a2
be understood who transfers them (..) e coonas ot deuposon nd diceion o Tosr s
_ Table co-ordinates Ahsnll{te, or ré::t;;ie 1:;:\':5, direction, Transfer test 4
- ) ) Collimators (jaws) X raly jaw; and fielddsizels Transfer test 5
O Although direct transfer to patient management Macinedescpion.  Ovrllmachinedfsion - Tnslr st
; L. o " achine motions achine capabi ties, motion speed an ransfer test

SyStemS IS Very effICIent’ It IS also pOtentIa”y Wedges HW?;;:Z:sfiniﬁons. labels and directions Transfer test 8
dangerous if it leads to inadequate review of Bl Blocks oy label and ol paramecrs e s
data before th ey are used to deliver a treatment. Electron applicators ~ Applicator used and jaw positions Transfer test 11
. . .. Uniqueness Department, machine and beam labelling Transfer test 12
It IS Im portant to ensu re that Sufflclent Miscellaneous devices Compensators and bolus Transfer test 13

Dose prescription Dose and MU/time information Transfer test 14

rEdundan Cy Checks are in place . Brachytherapy Source position and dwell times Transfer test 15




QAIT - IAEAHHR No.7 (2013)

O Some of the tests performed at
installation must be repeated regularly
(acceptance tests and commissioning)
as part of the local ongoing QC
programmed and on each occasion
where there is a possibility that some
change has occurred in the treatment
planning process

Record and Verify Systems for
Radiation Treatment of Cancer:
Acceptance Testing, Commissioning
and Quality Control

IAEA HUMAN HEALTH REPORTS No. 7
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QAT - Technical Quality Control Guidelines for Data
Management Systems by Canadian Association of
Provincial Cancer Agencies (CAPCA) (2017)

Canadian Partnership for Quality Radiotherapy

Technical Quality Control Guidelines for Data Management Systems

A comprehensive quality assurance program for a DMS should consider all of the separate components
in the DMS, the exchange of data between components, and the procedures governing that exchange.

. . A guidance document on behalf of:
Accordingly, the program could have three general categories: 5

Canadian Association of Radiation Oncology

1) Quality assurance of computerized systems: performance and functionality of each individual Canadian Organization of Medical Physicists
component in the DMS, data integrity within each component;

2) Quality assurance of data exchange: data exchange between components in the DMS (multiple

Canadian Association of Medical Radiation Technologists

A Canadian Partnership Against Cancer
formats, multiple protocols); and

3) Quality assurance of procedures (including data entry and data interpretation).
January 27, 2017

Key features of a quality assurance program should include: assembling a multidisciplinary team with DMS.2017.01.01
regular meetings and clearly established roles and responsibilities; project management of scheduled s
upgrades and systematic tracking and evaluation of hardware and software failures and issues, and
subsequent root-cause analysis.

CPQR

Canadian Partnerehip for

\ Quality Radiotherapy
\ O PCQR
\ Partenariat canadien pour

I2 quaiité en radiothérapie
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QAIT

The N.Y. Times Radiation Boom

your System Administrator:
Failed to access volume cache file <C: \Prowan Flns\\'m\kﬂl\tad\cw MimageDRR >,
Possible reasons are:

- Directory not existing or write-protected
- Disk Full

e Please note the following messages and

Do you want to save your changes before application aborts?

_® |

L'operatore ha cliccato YES, le fluenze sono state salvate,
HEALTH = THE RADIATION BOOM ma i control points del'MLC che dovevano essere salvati dopo le DRR

sono stati rimossi dal DB perché il salvataggio delle DRR era bloceato.
Radiation Offers New Cures, and Ways to Do Harm

By WALT BOGDANICH  JAN. 23, 2010

As Scott Jerome-Parks lay dying, he clung to this wish: that his fatal Save All E

11 salvataggio risultava nello stato di “frozen”

Emal radiation overdose — which left him deaf, struggling to see, unable to Please wait while the objects are being saved
swallow, burned, with his teeth falling out, with ulcers in his mouth and
B snere throat, nauseated, in severe pain and finally unable to breathe — be studied
and talked about publicly so that others might not have to live his e
W Tweet nightmare.
@ Fin Sensing death was near, Mr. Jerome-Parks summoned his family for a final
Christmas. His friends sent two buckets of sand from the beach where they
Save had played as children so he could touch it, feel it and remember better
days.
~ More

Mr. Jerome-Parks died several weeks later in 2007. He was 43.

ME a0 EARL A New York City hospital treating him for tongue cancer had failed to
AND THE DVING
GIRL detect a computer error that directed a linear accelerator to blast his brain
stem and neck with errant beams of radiation. Not once, but on three

consecutive days.
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QAT & safety

A lndependent checking is a mainstay of
error reduction from transcription and
communication errors, but is subject to
automaticity errors

A Modern R&V systems reduce random
transcription errors, but require QA
regimens to prevent systematic errors

A Protocol checklists will prevent the
Implementation of unauthorized plans

Radiotherapy Risk Profile
Technical Manual WHO (2008)

RADIOTHERAPY
Technical Manual

7. Treatment information transfer

Incorrect identification of patient

High

ID check open questions,
eliciting an active response
as a minimum

3 points of ID

Photo ID

Manual data entry

Medium

Automated data transfer
In vivo dosimetry

Incompatible chart design

Medium

Clear documentation and
protocols

lllegible handwriting for manual transfers High

Mo independent check High

Incorrect or inadequate data entry on ‘record & High Independent checking

verify' system

Ambiguous or poorly designed prescription sheet High Model prescription sheet

Sending unapproved plan Medium | Protocol checklist

Failure to communicate changes in plans Medium | ‘Record and verify’ systems
Independent checks

Incorrect number of monitor units, accessories, High In vivo dosimetry

wedges
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QAT & safety

A Clear protocols should exist for the use of

R&V systems in assisting treatment set-up.

The source documentation should be used
by operators to confirm the patient set-up
and the beam parameters set on the linear
accelerator (..)

A Verification should be performed using
active rather than passive procedures to
reduce the risk of involuntary automaticity

A Prior to turning on the treatment beam, the
key parameters of MUs, beam energy and
beam modification should be verified and
confirmed by both operators using the
source documentation

ICRP Publication 112 (2009)




Record & Verify and Patient Information System

QAIT & safety

Table 4.5. Treatment Management and Delivery System Issues

Safety/Quality Issue Recommendations Reference
Computer-controlled Acceptance test procedures for new software and/or control features [59]
delivery should be designed to test software and control aspects of the system.

Safety interlocks and new functionality should be tested in TG 35(1993)

accordance with vendor documentation and testing information

Software upgrade Routine updates of software for a computer-controlled machine [59]
testing should be treated as if it includes the possibility of major changes in
system operation. All vendor information supplied with the update

should be studied carefully, and a detailed software/control system

test plan created.

ASTRO IHE-RO
All safety interlocks and dosimetry features should be carefully tested,
regardless of the scope of the changes implied by the update
documentation.
System IHE-RO protocols 81]

interconnectivity

The TMS is one of the newest and most
quickly evolving systems involved in
radiation therapy. As such, the QA program,
which should be associated with safe use of
the system, is less well-described and
understood than almost any other system

Astro (2012)
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