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Disclaimer

I do not endorse any products, manufacturers, or 

suppliers. 

Nothing in this presentation should be interpreted as 

implying such endorsement
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Agenda

Õ IT in RO

Õ R&V

Õ OIS

Õ QA
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IT is vital  in the process of cancer care

Õ Cancer care has changed

Õ Patients used to get either surgery, CT or RTé: it is common for 

patients to get combined therapies, 2 or all 3 of the above

Õ To perform diagnosis can be necessary to integrate different 

information

Õ To perform the therapy can be necessary to combine different 

information and so concerning the follow-up 

Õ 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

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

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

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

Õ From the care provider to payers and 
regulatory agencies, for revenue and 
accountability
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The process of care: RO is only one step 
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ÕRO 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

ÕThe 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

ÕComputerized decision support is a fundamental component 

to a number of these phases
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RO is a complex world

ñThe most important feature related to the complexity and sophistication 

of  ñnew technologyò is the omnipresence of computersò 

[ICRP Preventing Accidental Exposures from new EBRT Technologies, 2009]

RO is ñComputer-driven RT and software-based devicesò

<..digital linacs, VMAT, SABR, 4DRT, ART, MRgRT..>
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Advances in Radiation Oncology
Developments hold promise to 
improve clinical radiation oncology 
computing 

Á Cloud-based service models
Á server-ōŀǎŜŘ άǾƛǊǘǳŀƭ ƳŀŎƘƛƴŜǎέ 

that facilitate remote user 
access and leverage centralized 
computations while minimizing 
large data transfers over 
network

Á Parallel computation
Á distributed calculation 

frameworks for dose calculation 
and enterprise software systems 
(HPC, GPU..)

Á Aggregate data analyses
Á the synthesis of quantitative 

information from a multiplicity 
of measurements

Á Automation



Radiology Oncology workflow

A multi-actor and technological environment
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The Radiation Oncology staff

Å Each of  theseoperators can have access to the data with different rights

Å Every their actions must be registered by the system of  management of  

the whole treatment (username, passwordédigital signature to give legal values 

to the activities around the pt)

Radiation oncologist

Medical Physicist

Radiation Therapist

òDosimetristó

Nurse

Secretary

System Administrator (=Medical Physicist)
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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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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 links 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



TPS TMS R&V TDS
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R&V (V&R) functionality

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

Õ Each time 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

Õ 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

Õ This process of downloading, verifying, treating, and recording is 

repeated for every single treatment field. There is also a transfer of 

images, structure sets, markers, other information (ñthis is the last 

fractionò bla bla)
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Network infrastructure: robustness!!

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



IT in RO (Siochi, 2011)
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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 óprescribedô (or óintendedô) parameters 

[IAEA, HHR No.7 2013]

At the very beginning, only the R&V (o V&R) 

systems

ñProgrammable Electrical Medical System or subsystem including its associated 

peripherals, that is used to compare the set-up of a Radiotherapy Treatment machine 

to predetermined set-up conditions prior to the start of a proposed Radiotherapy 

Treatment and each Treatment session, and record actual Treatment sessions. 

It also provides a means of preventing the machine operation if the actual set-up is 

not the same as the pre-set intended set-up, within User defined tolerances.ò

IEC 62274 ed.1.0, «Safety of Radiotherapy RVSs», 2005 
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ñQuality Assurance of Radiation Therapy: The 
Challenges of Advanced Technologiesôô

Dallas, TX, 20-22 febraury, 2007

[ASTRO, AAPM, NCI] 

ÁIt 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

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

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

ÁMore important are the much less, but 
potentially more severe systematic 
errors, which can occur, especially in 
interface between systems  

Afterwards.. not-only R&Vs but CCDTS

Computer-controlled treatment 

delivery (CCTD) process

R&V is a part of the control 

system of the delivery process

Record & Verify and Patient Information System



Control Console (R)evolution (TDS)

1985 2010
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The evolution of the process

Eric Ford, Future of Radiation Medicine,

Feb 17, 2011, Scottsdale, AZ
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ÁR&VSs are ómedical devicesô (..) evolved into complete Radiotherapy 

Information Management Systems that interface with Imaging Systems, 

Treatment Planning computers (TPS) and Treatment Delivery Systems 

(TDS) [IAEA, 2013]

TMS  Ą Treatment Management System

RTIS Ą Radiation Therapy Information System

DMS Ą Data Mangement System

OIS   Ą Oncology Information System

EMR Ą Electronic Medical Record System

EHR Ą Electronic Health Record System

ÁTMS is typically a combination of an OIS with R&VS

[Siochi et al., JACMP, 2011]

TMS, RTIS, OIS, PIS and other acronyms
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TMS/OIS/RTIS
RT-PACS

Fig 1 ïIAEA HHR No.7 (2013) (ñreditedò)

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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Todayéthe cloud

1980 Ó 2015
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Advances in Radiation Oncology
Developments hold promise to 
improve clinical radiation oncology 
computing 

Á Cloud-based service models
Á server-ōŀǎŜŘ άǾƛǊǘǳŀƭ ƳŀŎƘƛƴŜǎέ 

that facilitate remote user 
access and leverage centralized 
computations while minimizing 
large data transfers over 
network

Á Parallel computation
Á distributed calculation 

frameworks for dose calculation 
and enterprise software systems 
(HPC, GPU..)

Á Aggregate data analyses
Á the synthesis of quantitative 

information from a multiplicity 
of measurements

Á Automation

Med Phys, 41(1), Jan 2014



Hwiyoung Kim, 2014

Weôre still here (1980ôs!)

Single workstation

model

Virtual machines

parallel computing environments

- Cloud-based 

service 

models

- Aggregate 

data 

analysis

- Parallel 

computation

- Automation

Computing Systems in RT - New paradigms
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Cloud Computing is ña model for enabling ubiquitous, 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 interactionò (NIST, 2011)



Stratosphere of Cloud Computing

ÁCaaS = Communication As A Service

ÁSaaS = Service As A Service 

ÁPaaS = Platform As A Service

ÁIaaS = Infrastructure As A Service
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Cloud Computing in RO - literature

AAPM, Meeting 2014
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RO manages, produces and shares a lot of 

different types of data

Patient data

Images data (CT, MR, 
PET, DRR etc etc)

Planning data

Treatment data

Quality Assurance 
data
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OIS needs to be connected with Hospital 

Information System HIS

Õ Download Patient Registration or Demographics 
information (ADT)

Õ Upload Billing information

Õ 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)
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RO could be integrated into PACS-RIS

Data Base 
Server

CR/ DR QA
WorkstationComputed

Radiography
or DR

Gateway or
Frame Grabber

Film
Digitizer

Archive

DICOM
Modality

Web Server

RIS

Diagnostic
Workstations (DICOM)

Image

Server

(RAID)

Clinical 
Workstations (DICOM)

Diagnostic
Workstation
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DICOM (Digital Imaging and 

Communications in Medicine standard)
Õ Duringthe 1980s the needfor simplificationand standardizationbecame

apparentin orderto ensureand maintainconnectivityand interoperabilityof  
allpiecesof  equipment

Õ The medicalequipmentindustry, representedby the National Electrical
ManufacturersAssociationNEMA and the medicalcommunity, representedby 
the American College of  RadiologyACR, joinedforcesto developthe Digital 
Imagingand Communications in Medicine standard (DICOM)

Õ The òwinneró release was: DICOM v3

Õ DICOM wasfirst developedto addressconnectivityand interoperabilityin 
radiology, but thenit wasextendedto othermodalities

Õ Duringthe RSNA conference in 1994, a meeting washeldatwhicha clear
needwasexpressedfor standardizationof  the way radiotherapydata (suchas
treatment plans, dosesand images) are transferredfrom onepieceof  
equipmentto another: ex. TPS (BRAND A) Ą LINAC (BRAND B) 
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DICOM3: basics (1)

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

part addressing a particular functional side of DICOM

ÕThe standard defines fundamental network interactions such as:

ÕNetwork Image Transfer: Provides the capability for two devices to 

communicate by sending objects, querying remote devices and 

retrieving these objects

ÕOpen 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

ÕIntegration 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
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DICOM3: basics (2)

Õ Data Element 

- Unit of information, with defined data type and structure

- Standard elements are uniquely indexed by ótagô and name 

(e.g. patient name, CT slice position, gantry angle)

Õ Information Object

- Set of elements which together describe a physical entity, like 

a document (e.g. CT scan..)

Õ 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)

Õ Service Object Pair (SOP)

- A defined action which can be performed on a particular 

object  (e.g. CT image can be printed)

DICOM3: basics (2)
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Multiplicity of data and RO-specific data
Õ Structures

Õ Plan (geometrical parameters, MU, position leaves, constraints, 
tolerances tablesé)

Õ RT-DOSE

Õ DVHs

Õ Registration transform

Õ Radiobiological values

Õ Setup patient data

Õ IGRT/ART data

Õ Delivery data

Õ In-vivo dosimetry results

Õ Patient-QA summary

Õ (Clinical) decisions

Õ é
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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
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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)

3. RT Dose: containing dose data generated by a TPS in 
one or more of several formats: 3D dose data; isodose 
curves; DVHs; 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 linked with the other ñplanningò objects to form a 
complete picture of the treatment

DICOM-RT objects (2)
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Patient-data: Dicom and Dicom-RT
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Dicom file

Representation of patient name element 

Physical encoding depends upon specified 

transfer / storage format
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e.g. Imaging: CT-planning (.dcm)
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RT-structure set (.dcm))
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RT-plan (.dcm)
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The Dicom Conformance Statement

ÅThe 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 

ÅConformance statements provide a foundation to determine 

connectivity and assess the potential inter-operability of two 

products, and in some cases identify potential problems 

ÅIt is not sufficient for a vendor to simply claim conformance to 

DICOM

ÅThe statement ñThis product is DICOMò has even less meaning in 

the radiotherapy domain, in which inter-operability is a very 

complex issue

ÅFor RT applications, it is usually not possible to determine 

interoperability a priory ïthis must be established through 

extensive testing
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Õ 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

Õ Backup servers are important too

Õ Ideal final archive:

Õ RT-PACS

Õ RT-Cloud

Õ ..new IT solutions

The Storage
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The actors: Mosaiq (Elekta)
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The actors: Aria (Varian)
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The actors: RayCare (Raysearch)
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QA IT : what does it mean?
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QA IT (R&Vs) in RO - guidelines

Õ Many documents mentioned them

Õ Most recent and dedicated documents:

Õ IAEA HHR No. 7 : 2013

Õ Canadian Guidelines (Canadian Partnership for Quality in RT): 

27 Jan 2017

Õ Key-words

Õ ñR&Vs-related errorsò (systematic errors)

Õ Data TX-transfer

Õ Integrity

Õ Logical Consistency

Č Not useful documents: not updated up
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R&VS-related errors: ñtaxonomyò

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

Õ Manual input

Õ Violation of approved procedures (override)

Õ Inconsistency followed a Plan-revision

Patton GA et al., Facilitation of Radiotherapeutic 

error by computerized R&Vs

IJROBP., Vol. 56, No. 1, 2003

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

ÕData transfer

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
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QA IT - IAEA TRS No. 430 (2004)

ÕOutput 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. 

ÕCorrect transfer is critical because any error or 

misinterpretation of information transferred from 

the TPS to the therapy machine (or chart) will 

result in a systematic error in all the treatment 

fractions that are delivered (..)

Õ If files are transferred across a network, it should 

be understood who transfers them (..)

ÕAlthough direct transfer to patient management 

systems is very efficient, it is also potentially 

dangerous if it leads to inadequate review of 

data before they are used to deliver a treatment. 

It is important to ensure that sufficient 

redundancy checks are in place.
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Õ 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

QA IT - IAEA HHR No.7 (2013)
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QA IT - Technical Quality Control Guidelines for Data 
Management Systems  by Canadian Association of 
Provincial Cancer Agencies (CAPCA)  (2017)
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The N.Y. Times Radiation Boom

QA IT SAFETY
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ÁIndependent checking is a mainstay of  

error reduction from transcription and 

communication errors, but is subject to 

automaticity errors

ÁModern R&V systems reduce random 

transcription errors, but require QA 

regimens to prevent systematic errors

ÁProtocol checklists will prevent the 

implementation of unauthorized plans

Radiotherapy Risk Profile 

Technical Manual WHO (2008)

QA IT & safety 
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ÁClear 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 (..) 

ÁVerification should be performed using 

active rather than passive procedures to 

reduce the risk of involuntary automaticity

ÁPrior 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 

Towards Safer Radiotherapy (2008)

QA IT & safety
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QA IT & safety

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)

TG35(1993)

ASTRO IHE-RO
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QA IT & safety (upgrade!)
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