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Standards in lon Therapy

< Objectives

|ldentify the Standard used for communication of data
between systems involved in planning and delivery of Proton
Therapy

Examine practical issues involved in communication of data
and interoperability between systems involved in planning
and delivery of proton therapy

|dentify practical means for determining the likelihood of
interoperability between systems utilized in proton therapy

Explore current and future areas of technological
development in communication between systems in proton
therapy



< A (technical) Standard is a document that
establishes uniform engineering or technical
specifications.

< De jure: “of law”
<+ De facto: “in fact”

= Steering Wheel on the Left Hand Side is a
De Facto standard in the USA

= Driving on the Right Hand Side of the
street is a De Jure standard in the USA
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< Interoperability
< Interoperability

< Interoperability

< Compatibility
< Safety

< Repeatability

< Interoperability (did | mention
interoperability?)

< Commoditization
(enabling choice of vendors
for “Best of Breed”)

< Simplify RFP’s
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Why bother with Standards?

For those who like to have
just one vendor’s product:
What happens when one
vendor acquires another
vendor? When you need
something that one vendor
simply doesn’t offer?

For those vendors who
prefer proprietary lock-in:
What happens when you
acquire another vendor?
Care to save $$ on
engineering design?



DICOM in Depth
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Pressure from clinicians forced vendors to consider a universal
medical image format.




So what is it, exactly?

DICOM - The Digital Imaging and
Communications in Medicine (DICOM)
standard was created by the National Electrical
Manufacturers Association (NEMA) to aid the
distribution and viewing of medical images.

A single DICOM file contains both a header
(which stores information about the patient's
name, the type of scan, image dimensions,
etc), as well as all of the image data (which
can contain information in many dimensions).




Then what is DICOM-RT, exactly?

DICOM-RT — An unofficial name applied to parts
of the DICOM standard that are utilized
specifically for Radiation Therapy. The first
steps to address RT needs in DICOM were
made in 1995 with the foundation of DICOM
Working Group 7 (WG-7)

Concepts that were not part of diagnostic

Imaging:

DRRs and Portal images (RT Image)

< Contours (RT Structure Set)

< Plans (RT Plan)

<+ Dose (RT Dose) (... and more to be described later)
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In addition to being a data
format for transmitting
medical image data and
Radiation Therapy data,
DICOM also functions as
a communication protocol.

The two-headed DICOM beast:
1. Data format

2. Communication protocol




Speak DICOM like a Pro
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AE = Application Entity

|IOD = Information Object Definition
SOP = Service-Object Pair

VR = Value Representation

UID = Unique ldentifier

SCP = Service Class Provider
SCU = Service Class User

DIMSE = DICOM Message Service
Element

+ UWPS = Unified Worklist and Procedure Step
+ FSC = File Set Creator
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DICOM Association

A communication connection established between two DICOM

applications by which DICOM information is exchanged.

1. AE Title and IP address

2. List of Transfer Syntaxes

3. Supported SOP classes
(includin

9
the role the AE will play)

—




DICOM configuration file

Each DICOM implementation, in general,
maintains a configuration file listing the other
devices that it is allowed to form associations

with. The devices are identified by their AE

Title, IP address and port number.
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DICOM Service Classes (overview)MPAC

One can consolidate the services
conceptually in to:

- Verification ("Echo”, determining if a
system is willing and able to talk)

- Storage (Push a copy of an object)
Query (Find out what is available)
Retrieve (Request that a copy be sent)
Work List (Task Management, based on

polling)
Notification (Task Management)

Print (Making pretty pictures on paper or
film)




DICOM Service Classes

1.
2
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4.
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Verification

. Storage
. Query/Retrieve

Print Management

. Media Storage
. Storage Commitment

Unified Worklist and Procedure Step
Management

1. Eventual replacement for Modality Worklist and
Modality Performed Procedure Step classes

2. Immediate replacement for General Purpose
Worklist and General Purpose Performed
Procedure Step classes



DICOM Service Classes (cont)

8. Softcopy Presentation State

9. Structured Reporting

10.Application Event Logging

11. Relevant Patient Information Query
2.Instance Availability Notification
13.Media Creation Management
14.Hanging Protocol Storage
15.Hanging Protocol Query/Retrieve
16.Substance Administration Query
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The IODs define particular sets of medical images.

Formally, each of the |IODs define an SOP Class.
Examples include:

< CR - Computed Radiography |OD

< CT - Computed Tomography |OD

< MR — Magnetic Resonance 10D

< US — Ultrasound 10D

<+ SC — Secondary Capture 10D

< efc.
These, in the DICOM world, are commonly thought of as
modalities. This means, for example, that a Fluoro image

that is being read through a CR reader will have a CR
|OD, and be treated as a CR modality.




Creating Service-Object Pairs

The service classes and information objects are
combined to form the functional units of DICOM.
This combination is called a service-object pair,
or SOP. Since DICOM is nominally an object-
oriented standard, the combination is actually
called a service-object pair class, or SOP class.
The SOP class is the elemental unit of DICOM,;
everything that DICOM does when implemented
IS based on the use of SOP classes.

For example: Take a Storage Service Class, add a

CT IOD and you have an SOP that will send a
store command for a CT image.



DICOM File Format

» File contains BOTH
header and pixel

data First 128 bytes: unused by DICOM format
" Followed by the characters 'D''I'.'C".'M"
This preamble is followed by extra information e.g.:

Different elements 0002,0000 File Meta Elements Group Len: 132
00020001 File Meta Info Version: 256
are grouped

0002,0010,Transfer Syntax UID: 1.2.840.10008.1.2.1.
together.

0008,0000,ldentifying Group Length: 152
0008,00680,Modality: MR
0002,0070,Manufacturer: MRlcro
0018,0000_ Acquisition Group Length: 28
0018.0050.Slice Thickness: 2.00
0018.1020.Soft Yersion: 46564537

o0 EaCh tag haS a type UDZS,OUDU,Irﬁa;alg?eszr:;gson Group Length: 148
0028.0002.S amples Per Pixel: 1

0 0028.0004,Photometric Interpretation: MONOCHROME 2.
and a VR associated
with it.
N I
Type Of Image 0028.0103.Pixel Representation: 0
determines which 0025 1055 Floscale Slope: 000382157
7FE0,0000, Pixel Data Group Lenath: 19850
7FED.0010,Pixel Data: 19838
groups are used to
build the header.
J 7 —
< Private groups = odd
group numbers.

0028.0008.Number of Frames: 2
o Arvys DICNAONA viiAVAIA

&

L)

%

L)

0028.0010,Rows: 109
0022.0011.Columns: 91
0028,0030,Pixel Spacing: 2.00%2.00
0028.0100,Bits Allocated: 2
0028.0101 _Bits Stored: 8

0028.0102 High Bit: 7

—— 2x109x31=19838 bytes ——794 bytes |

L)
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AN ELEZETA COMPANY
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< Conformance is voluntary.

< Any vendor claiming conformance HAS to provide
a conformance statement.

< The contents of the conformance statement
include (a) the implementation model of the
application; (b) the presentation contexts to be
used; (¢) the manner in which associations are to
be handled; (d) the SOP classes to be supported;
(e) the communication profiles to be used; and (f)
any extension, specialization, or privatization to be
used.

< Conformance statements for most vendors are
available on their Web sites.




DICOM 201: Radiotherapy in DICOM
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Information Object Definitions

Of particular interest in “Conventional Radiotherapy”
< RT Image (DRRs, Portals, Setup)

< RT Structure Set (Contours)

< RT Plan (Brachy and Tele)

< RT Dose

<+ RT Beams Treatment Record

< RT Brachy Treatment Record

< RT Treatment Summary Record

< Spatial Registration (Image co-registration, can be
used as part of determining couch offsets)




DICOM 301:

lons in DICO
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Proton/lon IODs

Added to DICOM in Supplement 102
+ RT lon Plan
< RT lon Beams Treatment Record

New Sequences, elements, etc.:

X/ X/ /
0‘0 0‘0 0.0

X/
0‘0

/ /
0.0 0.0

/
0.0

Snouts, Range Shifters, Range Modulators, Lateral Spreading Devices
Table Roll/Pitch, Gantry Pitch Angle, lon Block, lon Compensator
Radiation Type now includes PROTON and ION

Radiation Mass Number, Atomic Number and Charge State (ION, e.g.
Carbon lon)

Scan Mode, Scan Spots
Fixation Lights, SEATED patient position (Ocular)
Virtual Source Axis Distance



Proton/lon Workflow

<+ Construction of Compensators and
Apertures
= The RT lon Plan should contain the

iInformation needed to build the
Compensators and Apertures

= The RT lon Plan can contain the
barcodes for each device



DICOM 401: Machine Interfaces

< Initially, each LINAC vendor would define an interface
for its machine, and this would often change for each
new machine. The interface spec was not
necessarily shared freely.

< Later, vendors produced interfaces and offered these
as a “De Facto” interface for others to adopt (and
utilized DICOM)

= At least some of these were/are Open in the sense that there
are no license fees.
< Recently, a DICOM Standard has been approved
(DICOM Supplement 74), and is the De Jure interface
(no commercial implementations yet)



DICOM 401: “Standard” Machine 00

Interfaces for lon Therag IMPAC

DICOM Standard % Troatment romtmont Dot
Interface Archive Management Treatment Doivory
ystem (TD
H = User System (TMS
Sclect DICOM DICOM Create RT Treatment
Paticnt-Plan DIMSE-N pRLIreatmogt haching DIMSE-N Machine SOP instance
1o be Treated SCU NGET SCP on machine start-up 1. ‘List Procedures for Delivery’ on TDS console
o be 2 § ! 9 <
2. Query UPS (C-FIND)
RT Plan or ]XT loa Plan B B | | 3. Receive 0-n UPS
RT o35 oo DICOM Validate '
3 Starage RT (loe) Plan Display list to
C-STORE 0 oD 4. ‘Select Procedure’ on TDS console (optional if only one procedure in list)

5. Get UPS details (N-GET)—

Dow uln” Phase -
3 - R UPS d =t
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perfoem Patient
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T's Session

Machine
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@ 8. ‘Start Treatment Session’ on TDS console

CANCEL @
Treatmeng Phase - =
RT Boass Txgossion Update Treatment
Record MUs and RT lon BeanaTx Sessio Machine Status foe J_ 4 et UPS 0% complate, Beam 1 (N-SETy
Treatment Time p—— T Machise b ARMED, BEAM ON 3 plete:
every M00ms N NT-RE and TERMINATED Verify
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=
phoad Phase -
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Tx C-STORE, §DELETE Verification RT Image
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DTMISCU DTMI SCP [J
12. Set UPS to Final State (N-SET)
- 13. Change UPS 'COMPLETED
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14. Indicate ‘Tre Co “on TDS




< One “R&V” vendor has produced an interface and
offered it for use as a De Jure standard interface.
= [t was not adopted by DICOM WG-7 (RT)
= No alternative was proposed in the necessary time frame.
= |t has been adopted by multiple Proton accelerator vendors.
= |t has not been adopted by other “R&V” vendors at this time.

< Other “R&V” vendors may choose to produce their
own interfaces, and these may become De Facto
standards... if there is adoption.




De Facto Interface (IFS1909)

Machine Status

Send Plan

Beam Status

Plan OK

Select Beam
ADJUST

Beam Status

VERIFIED
Beam Enabled

——\

Treatment Record

Delete Beam

30
managing the spectrum of cancer care




De Jure Interface (Sup 74)

Treatment Management
ARCHIVE  System (TMS) Treatment Delivery
RN System (TDS) , GET
* Query UWPS @i s SCHEDULE
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIRIeIcIeIiYEI[JI“I]!’ISIIIIIIIIII>
Query UWPS Details ) Display list to user
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIII.IIIIIIIII \ b‘ GET
Receive UWPS details - PROCEDURE
Retrieve ARCHIVE Objects
EEEEEEEEEEEEEEEER IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII> EXtraCtinput
Object Received UIDs from
lected
"INPROCRESS se
Change UWPS status to “IN PROGRE UWPS
Retrieve TMS Objects
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIII.IIIIIIIIIII> ,
Receive RT info e Nl& TREAT
Set UWPS % Complete Beam n Verify and deliver
radiation
Set UWPS to “Treatment Completed”
Store RT Treatment Record Indicate
l “Treatment
Completed”
to user 31

managing the spectrum of cancer care
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DICOM 401: lon Machine Interfaces IMPAC

AN ELEZETA COMPANY

<+ IFS1909 embeds (requires) Verification
< Supplement 74 has Verification as an option

< The Verification protocol in Supplement 74 is
based on (and nearly identical to) the
Verification protocol in IFS1909

<+ IFS1909 is “EMR Centric” (the user drives
from the EMR).

< Supplement 74 is “Machine Centric” (the user
drives from the Accelerator/Beamline
Console)
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DICOM 401: lon Machine Interfaces IMPAC

AN ELEZETA COMPANY

< 3D (Volumetric/CT) position verification is not
explicitly described in IFS1909 currently

< 2.5D position verification is not uniformly
implemented with respect to IFS1909

< Supplement 74 does not fully address
coordination between a Patient Position
Verification System and the Treatment
Delivery System




Interoperability

AN ELEZETA COMPANY

Why doesn’t it work when both devices are
DICOM compliant?

= Th
e
DICOM standard is open to multiple interpretations

= There is room for data field
variations

(
optional “type 2 and type 3" data, and private data)

= DICOM
doe
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So how do we know it will work? IMPAC

AN ELEZETA COMPANY

Vendors generally maintain interoperability
matrices listing devices that their equipment has
been validated against, however, the only way
to really know is to:



DICOM 501:

The Interoperability Challenge

< Even with Standards, there are differences in
Interpretation.

< There is more to interoperability than a common data
format.

< Interoperation involves workflow too

PIOIPD




E _and DICOM

Integrating the Healthcare Enterprise (IHE)

< |HE attacks real world radiology
integration problems

<+HL7 and DICOM provide dictionaries

<+ |HE defines a “phrasebook” that solves
real world problems (workflow) by

assembling pieces provided by
DICOM/HLY




IHE Concepts

= Generalized Systems -> Actors
= |nteractions between Actors -> Transactions
= Problem/Solution Scenarios ->
Integration
Profiles

< For each Integration Profile (there are many):
= the context is described (which real-world problem)
= the actors are defined (what systems are involved)
= the transactions are defined (what must they do)
<+ Adherence (meeting the profile and
interoperating with at least 3 other vendors)

< Bollerplate available for inclusion in an RFP
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An IHE Profile: Scheduled Workflow [MIAC

COMPANY

< Putting the pieces together (in Radiology)
Using DICOM and HL7 in a real world

ADT

PL Regstmtion [RAD-1] +
Patient Updale [RAIM12] 4

L PL Registraton [RAI1 )

Phacer Onder Mamagement [RAIX 2] 1 12: Patient Upcite [RAD-12)

» Filler Crcler Mngement [RAD-3)
» Appotriment Nottficofton [RAD-4.

DES Onder Rller

Cxder Plioer

J Procesure Schestubedd [RAID]

T Image Avaikbity Quecy[RAD-11]

4 Procesure Upitaiad [RAD-13)

T Persoanad Work Status Updaie [RAIA2]
T Mocultty P mpicded [RAIDT] + Perioanad Work Status Updaie [RAID2]

T Creator PS in Progress [RAINDD] T Inganoe Avtlabilty Notificetton [RAID39]
T Creator PSComplted [RAD-21]

T Mochltty PS n Proggess [RAD-6]

! Evtdence Creakr |
n Progress [RAID20]

mpkind [RAD21]

Imege Disphay

Stonge 4 Crestor Imegpes
Perfoemed Commttmeat [RAID10] Stosesd [RAI1S] + Query lmuues
Proceare [RAIM14)
[ep Mamger + Rerieve Inuges
[RAIX15]
~—
T Image
Anager Archine
ST T T T TR Tt
» Modality PS Compieted [RAI7]

» Creakoe PS 1 Frogsess [ RAD-20]
» Creadoe PS Completed [RAI21]

. T Modalty I mage Stored [RAD-E]
Commiment [RAD-10] 1]

< Modality PS tn Progress [ RAIDS]
N Modality PS Conpieiad [RAD-7)]

Aoquisttion
Modaltty
<« Query Modalty Workdist [RAIXS |

Figure 3.1-1. Scheduled Workflow Diagram




IHE Connectathons:
Connect, Test, be Judged... LUVIZA

< Test tools are used ahead of time as development aids
and then to limit entry to those “likely to pass”.

< Many vendors bring their equipment to one place at one
time, and test interoperability within a profile against
each other.

<+ Adherence/“Passing” requires interoperating with at
least three other vendors. Vendor must publish
“Adherence Statement”.



DICOM 601:

IHE-RO

< Technical Framework Focused explicitly on Radiation
Oncology

< Supported by ASTRO, *-STRO, and others
< One Connectathon with one Profile so far

< 2"d annual connectathon in August for two profiles
<+ Managed Treatment Delivery Profile on deck

DIOIPD®




IHE-RO Success Story

< Basic RT Object Interoperability Profile
= Planning through Dose Review
= Tightens the rules for certain DICOM Information

Objects

Virtual Slm D03|metr|c Planning , ‘
Acquisition =&/
U : «‘
E z. 3 JI51
; : Dose/Physician
- S Review

RT Archive




IHE-RO Future

< Content and workflow interoperability profiles
at a supportable pace (vendors
Implementations and committee members
time availability).

< Incorporate new DICOM Information Objects

< Eventually a "Scheduled Workflow for
Radiation Oncology” and a “Transferable
Electronic Patient Record” (see ihe.wiki.net)

< Please encourage your lon vendors to
commit time and people to the effort.



DICOM-RT Future

< New Information Objects specific to RT are
currently under development

= Multiple year time frame for standardization and
Implementation

= address gaps
= refine data model

= incorporate modalities and workflows not available
when original “DICOM-RT” I0Ds were developed.

= [ncorporate lessons learned



Standards in lon Therapy

< Summary

DICOM is the primary Standard used for communication of
data between systems involved in planning and delivery of
Proton Therapy

Differences in interpretation of the standard and optional
elements can limit interoperability

Careful review of DICOM conformance statements,
inspection of IHE-RO adherence statements, and interface
testing help you to avoid interoperability problems.

Patient Position Verification Devices/Systems and interfaces
to them are evolving.

There will be a major evolution in the RT related parts of the
DICOM Standard over the next five years.

There will be IHE-RO profiles that will cover much of the
workflow required in lon Therapy. These will enable much
simplified RFPs



Standards in lon Therapy

< Conclusion

= Demand that your vendors provide Standards compliant
systems (the vast majority do, but a little nudge doesn’t hurt).
Have your provide the documentation of their compliance.

= Understand your workflow and the points of contact between
your systems. Verify that the interface across those points
of contact is addressed by a Standard (typically DICOM),
and that the systems on either side are in fact interoperable.

= The Standards and Technical Frameworks are not complete.
Keep an eye on those, and encourage your vendors to
participate on relevant committees

= D'’viryi, Ni Proveryi (“Trust, but Verify”)




Useful References

& (DICOM Standard)

% (IHE “in progress” and
details)

& (Formal output of IHE)

& (Free/Open Source

DICOM Test Tools, RT lon definitions
recently submitted by IMPAC)




Contact Information

< In the USA, via IMPAC:

L)

L)

4

4

L)
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