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New ATC Grant

® The Advanced Technology Consortium (ATC) for
Clinical Trials Quality Assurance (QA) is supported by
a National Cancer Institute (NCI) U24 grant to
Washington University.

® The ATC functions as a “virtual entity” made up of the
following clinical trials QA Centers:
—Image-Guided Therapy QA Center
— Radiation Therapy Oncology Group (RTOG)

— Radiological Physics Center (RPC, M.D. Anderson Cancer
Center)

— Quality Assurance Review Center (QARC).
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New ATC Grant

The goals as specified in the RFA for our ATC renewal application are to be accomplished
through the following developmental, coordination, and service objectives:

1. Eliminate duplication of infrastructure developmental efforts and facilitate sharing of QA
resources among cooperative groups.

2. Help to insure that appropriate and uniform QA procedures and criteria for advanced
technology trials are developed across all cooperative groups.

3. Facilitate/help manage the uniform credentialing of institutions for advanced RT trials.

4. Facilitate/manage digital data protocol submission.

5. Facilitate/manage the QA review of submitted data.

6. Further development of methods for rapid analysis of volumetric treatment planning data.
7

Assist clinical trial Coop. Groups in development of clinical trials including: (a) credentialing
requirements; (b) TV definitions; (c) QA procedures; and (d) data submission instructions.

8. Develop, implement, and maintain innovative methods for electronic exchange of digital
planning data between institutions participating in clinical trials and between QA Centers.

9. Develop, implement, and maintain innovative web-based software tools to facilitate protocol
digital data reviews by Study Chairs, Dosimetry Groups, RPC, and QARC.

10. Develop, implement, and maintain archival treatment planning and QA databases that can
be linked with the cooperative groups’ clinical outcomes databases.

11. Demonstrate understanding of and ability to achieve compatibility with existing software and
electronic health record standards, including caBIG and DICOM RT.
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Introduced new acronym for ATC Method 1

QUASAZR: Quality Assurance Submission, Archive,
Analysis, and Review System

The ITC developed QUASA-ZR system provides the most
advanced medical informatics infrastructure currently in use
anywhere in the world to support radiation therapy clinical
trials digital data quality assurance.

QUASAZR
... IS based on practical experience in support of clinical trials QA,

... provides secure data submission, analysis, and review of
radiation therapy and imaging data,

... has enabled the collection, review, and analysis of nearly 6000
protocol case data sets, and

... Will continue to evolve using appropriate information technology
to meet the QA needs of RT clinical trials.
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QUASA-ZR System

® QUASAZR developed by the ITC
through the ATC

® National / International QA resource o
for RT cooperative protocol groups Institutions

® |In active production at ITC and

QARC
5 0 : Quaht Assurance
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http://en.wikipedia.org/wiki/Image:COG_logo.gif
http://www.rtog.org/
http://www.jcog.jp/
http://www.nsabp.pitt.edu/

QUASAZR — Components and Data Flow

Data Submission

Participating
Institution

Treatment
Planning
System

RTOG /
DICOM

Data

Submission [—f—

Workstation

SFTP Client/
DICOMpiler

Study Chairs,
QA Centers

RRT

FOCAL

echnologyConsortium

and data management for radiation therapy clinical trials 6

CERR

......................................................................................................... Secondary
Analysis
Data Integrity :
DANEC RTOG : MD
3 Anderson
RTOG :
Treatment N Data RTOG :
S Exchange - StVIYU'
System Export . Louis
Files .
l DICOM/ *
: seTp CERR :
(SSH2) | g CERR (Ma“ab)i NCIA /
: S RTOG/ Format >\ ;ag|G T8
FTP RRT FOCAL/ Conv.
S DICOM ~f
. SRS Data Web Citrix
______ M?g'_a____________, I ¢ Server Server p—
mpor (Matlab)
HTTPS HTTPS
v
External QA
Review




®Service Objective: August 2007 ATC Mtg: Nearly 6000
Complete, Protocol-Case, Volumetric Digital Data Sets
Submitted Over 14 Year Period using QUASAZR

Annual Advanced-Technology Protocol Case Accruals

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

« 9 commercial TPS vendors (18 TPSs) have
Implemented ATC compliant export capability.
e 520 institutions able to submit data
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Treatment Planning Systems Exchange Treatment Modality

ATC(ITC) DI g Ital Data EXC h an g e v Versio o 3DCRT IMRT SBRT? B:::t:lx Bﬁﬁy Protons

ndor System
ae v v v
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Development Efforts will continue .

to be mission critical: : =
® Maintain requirements for clinical trials data
submissions
— RTOG Data Exchange Format Spec.
— ATC DICOM Conformance Statement
® Assistance to TP vendors

— Hosted 6 Digital Data Exchange and DICOM
Technical Workshops (1995-2004) for TP
vendors

— Assist individual TPS manufacturers in
implementing ATC compliant export

Capabl.htIeS Table of ATC Compliant TP Systems

Demonstration 4

v
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— Participated in DICOM WG-18 (Clinical Trials)

— Actively involved in IHE-RO Initiative (DICOM
interoperability) and DICOM WG-7
(development of next-generation DICOM RT
Objects)

) Screen capture showing comparison of RRT
ST s sl s i 8 (left) and CyberKnife iso-dose displays




ATC(ITC) Digital Data Exchange Development Efforts

Format of Data Submitted to ITC
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QUASAR — Adapting and Innovating

® ATC will make use of Industry systems
_CMS Focal® — TeraMedica Evercore
— IMPAC MOSAIQ

— IKOENgelo (Image segmentation QA)

— Commercial TPS’s
o+ CMS
+ Philips Pinnacle
+ Varian Eclipse
o TomoTherapy HI-ART

® Dr. Joe Deasy and colleagues in WU
Bioinformatics & Outcomes Research
g RS Division are now funded by ATC to further
Remote Review Tool  the development of software tools to meet
u e e
® Will need to develop new thin client
=  applications for distributed case review (RRT)
+ Intuitive user interface
+« Low bandwidth, low latency
iV e "*—'-2::’.1?:,?D.§E:tyﬁmmal\ccmfiguration requirements
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IKOE: A Deformable Image Registration-based System
for Computer-Assisted Contouring (K.S. Clifford Chao,
M.D., Lei Dong, Ph.D.,...)

How IKOENngelo works..

Step A: Select and overlay disease-
specific reference template contours
onto the patient’s CT images

Step B: Deform reference template
contours to fit the patient’s anatomy

Step C: Physicians modify contours
based on clinical judgment

IJROBP 2007 in press
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Why Collect Volumetric Data?

The substantial effort required to acquire volumetric
Images and dosimetry data invites the question,
“Why not just collect DVHs?”

1.

DVHs do not retain spatial information; only
aggregate volume of a structure at a given dose
IS counted.

. Without vol. data, it is not possible to detect and

correct contouring inconsistencies.

. Without volumetric data, it is not possible to

compute dose statistics for volumes other than
those in submitted DVHs.

Without vol. data, it is difficult or impossible to
determine which structures are included or
excluded in a DVH (e.g., “LUNG — PTV” versus
“LUNG — GTV?").

. DVHs calculated using different commercial

treatment plannlng systems have been shown to
aube et. TI Med Phys,
12
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Different dose distributions
throughout an organ may
lead to different
expectations of toxicity for
some organs. DVH
statistics do not
distinguish between a
single, large hot spot and
multiple, smaller hot spots.



Data Integrity QA Prior to Review for
Protocol Compliance

® Experience shows approximately 25% of data sets |[[peatals
received require some intervention to be Generated
reviewable.

® Data QA Concerns Data
Submission
—Completeness
o Are required objects present & interpretable? -
ata

— Identification Integrity QA
+ Are case, plan, structure IDs consistent? |

Protocol

—Consistency .
. ; Compliance

» Are images, structures, doses spatially Review
registered?

+ Are doses properly scaled?
. . Analysi
+ Are DVHs calculated in a consistent manner? Iistnt

edlechnologyC ium ‘ 13
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Service Objective: Digital Data Integrity QA for protocol
cases using QUASAZR

Table 2: 2007 - Protocol Case Digital data submissions per protocol and the number of
problems encountered that required human intervention by the ITC personnel.

Protocol

# of cazes Digitally
Submuitted

Problems Requiring
Human Intervention

% of cages requiring
human intervention

0117

27

4

14.8

0126

34

30.6

0232

49

4

5.2

0234

3

0

0

0413

41

25.8

0415

20.6

0417

0

0418

15.6

0435

100

0438

33.3

0521

He .2

0522

16.1

0529

20

TOTAL

25
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Service Objective: Phantom Data Submission for
Credentialing - DDIQA

Table 5: Phantom submigsions per phantom type and the number of problems
encountered that required human intervention by the ITC personnel since March 2006.

Problems Requiring | %o of cases requiring
Human Intervention | human intervention

= . e
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Protocol Compliance Review

® Protocol compliance review

Verif. Data consists of:
Generated

— review of target volume and
organ at risk contours

< bﬁqafsas_on compliance by the specific
ISSI .
- Protocol Study Chair (SC) (QA _
. . RRT structure contour, iso-
Center designees) using dose display
Data QUASAR’s web-based Remote e
Integrity QA Review Tool (RRT); and
1 — review of protocol dose
Protocol prescription and dose
Coé“eﬁ’/'i'ef"vgce heterogeneity compliance -
using the RRT. RRT dose-volume analysis

display

— Timeliness of review can be

problematic
Analysis

16




RTOG Protocols Contributing to the
QUASA-ZR Archive

Site

Protocol

Organs at Risk

Brain

Brain 3DCRT

Brain_stem Cerebellum Cerebrum Optic_chiasm
Optic nerve Spinal cord

Breast

Partial breast
3DCRT

38.5 Gy

Breast Heart Lung Thyroid

Partial breast

34 Gy (Brachy) or
38.5 Gy (3DCRT)

Breast Heart Lung Thyroid

Anal canal IMRT

54 Gy

Femurs Genitals lliac_crest Large_bowel Small_bowel

Liver SBRT

Kidney Liver Small_bowel Spinal_cord Stomach

Prostate 3D

Bladder Femurs Penile_bulb” Rectum

Prostate 3D/IMRT

70.2 -79.2 Gy

Bladder Femurs Penile_bulb Rectum

Prostate seeds

Brachy seeds +/-
EBRT (45Gy)

Rectum Urethra

Prostate
hypofractionated

73.8 Gy (conv.) or 70
Gy (hypo-frac)

Bladder Femurs Penile_bulb Rectum

Prostate IMRT

72 Gy

Bladder Femurs Penile_bulb Rectum

Prostate HDR

Bladder Rectum Urethra

Cervix IMRT

50.4 Gy

Bladder Femurs Rectum Sacrum Small_bowel

Oropharynx
3DCRT/IMRT

66 Gy

Brain_stem Larynx Mandible Parotids Spinal_cord
Submandib_glands

Nasopharynx
3DCRT/IMRT

70 Gy

Brain Brain_stem Larynx Lens Mandible Optic_nerve
Optic_chiasm Orbit Parotitds Pituitary Spinal_cord
Temporal lobe TMJ Tongue

0234

Head/Neck IMRT

Spinal_cord

0435

Head/Neck
Palifermin

Brachial_plexus Brain_stem Larynx Parotids
Spinal_cord

0522

Head/Neck
3DCRT/IMRT, PET

Brachial_plexus Brain_stem Larynx Parotids
Spinal_cord

9311

Lung 3DCRT

Brachial_plexus Esophagus Heart Liver Lung
Spinal cord

0117

Lung 3DCRT

70 - 75.25 Gy

Esophagus Heart Liver Lung Spinal_cord

0236

Lung SBRT

Brachial_plexus Bronchial_tree Esophagus Heart Lung
Spinal _cord Trachea

0515

Lung PET/CT target
delineation

Carina Heart Liver Lung Spinal_cord

* Data sets include: CT images, Structure Contours, 3D Dose Distributions, and Plans (3DCRT, Brachy seeds)

chnologyConsortium
ce and data management f. diation therapy clinical

trials

ITC QUASAZR
Archive includes
over 5000
complete TP data
sets quantifying the
relationship
between image-
based anatomy
and planned doses.
Each dataset
Includes planning
CTs, target-
volume/organs-at-
risk contours, and
3D dose
distributions. Plans
are available for
3DCRT and
brachy. seeds.




Sample Dose Volume Statistics

® Collection of volumetric
dosimetry data has enabled RGEEELTERIGIATY

RTOG investigators to pimal Cord

perform QA to maintain the Parotid

Larynx

consistency of target
volumes and organs at risk, [JEEGERELI SUgEL)

. . PTV
allowmg meaningful Spinal Cord
comparison on dose- Esophagus
volume statistics for e
advanced-technology trials. Brachial Plexus

Lung
® Having 3-D geometric data
Prostate (3DCRT, N=984)

for structures has also PTV Do
made it possible to evaluate Bladder Drnean

: - . Rectum Dmean
the size of margins used in Femoral Heads Do

treating patients.

® Sample dose-volume
statistics for several data

. '; mgﬂ&ancedTechncﬂcgyConscrtium 18
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Secondary Analysis: Lung Toxicity (RTOG 9311)

« RTOG 9311 data were analyzed to
Investigate lung toxicity  (radiation

CLINICAL INVESTIGATION

A COMBINED ANALYSIS OF RTOG 9311 A7 NSTITUTIONAL DATA

pneu mon |t|S) aS a fu nCtlon Of dose_ A NOMOGRAM TO PREDICT RADIATION PNEUMONITIS, DERIVED FROM

volume statistics, as well as the spatial
coordinates of the gross tumor volume.
Multi-institutional RTOG 9311 data were
used to test a statistical model derived
from single-institution (Washington
University) dataset.

« Study showed that models tuned for each
subset (WU or RTOG) did not perform Ve ungcose @) Preumontisprobabty
well when applied to the other dataset.
However, a model derived from the
combined data performed well on each
data subset. This exercise indicates the
advantage in generating robust models
based on multi-institutional datasets.
[Bradley et al. 2007].
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Secondary Analysis: Lung Toxicity (RTOG 9311)

e Such an analysis would have required an
entirely new study if the 3D treatment

CLINICAL INVESTIGATION

A COMBINED ANALYSIS OF RTOG 9311 A7 NSTITUTIONAL DATA

plannlng data had not been archlved |n A NOMOGRAM TO PREDICT RADIATION PNEUMONITIS, DERIVED FROM

the ITC QUASAZR database.

« The nomogram shown at right (from
Bradley et al., 2007) displays the
relationship between pneumonitis risk
(requiring steroids or more intensive
intervention) and the two most significant
variables: Mean normal lung dose and
relative position within the lung of the Meanlungcose (Gy)  Preumoniis probabiy
center of the high-dose region (0 = most
Inferior, 1 = most superior).

* Note that the importance of the position of
the high dose region could not have been
probed without the complete CT-based
dataset.

"'. :‘1 . =3
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Secondary Analysis: Gl Toxicity (RTOG 94006)

®* RTOG 9406 data have been
analyzed by Dr. Sue Tucker and
colleagues to investigate rectal
toxicity.

® The ITC has provided access to TP
data for this protocol, and RTOG has
provided clinical staging and
outcome data for secondary
analysis.

® Dr. Tucker was successful in
obtaining an NIH RO1 grant
Investigating the use of these data
sets for developing normal tissue
complication probability (NTCP)
models [See CRISP abstract at
right].

®Results of this analysis were

- presented at ASTRO Annual Mtg.




Secondary Analysis: GU Toxicity (RTOG 9406)

® RTOG 9406 data were analyzed to investigate GU
toxicity (impotence) as a function of dose to Penile
Bulb, a structure not originally delineated in the
RTOG 9406 data.

® Online access to the RTOG 9406 TP data sets was
provided to Dr. Mack Roach for an investigation of
erectile dysfunction following 3D conformal RT for
prostate cancer. Using the contour editing feature in
the ITC Remote Review Tool, Dr. Roach
retrospectively delineated penile bulb structures in
RTOG 9406 datasets and new DVHs were
computed from the 3D dose distributions archived
for these patients and compared with reported
clinical outcomes (impotence) [Roach 2004].

® Study showed that patients whose median penile
dose was >52.5 Gy had a greater risk of impotence

_ e Figure shows an example of one
compared with those receiving <52.5 Gy (p < 0.039) case included in this study. Isodose

and concluded that dose to the bulb of the penis lines for 6000, 5250, 4500, and 3500
seems to be associated with the risk of radiation- CGy moving outward are shown .

e Penile bulb is also shown with a
PN e 'WF!:'::?‘%VE::::.S:&:&::: 22 dotted line in the lower three panels.




ATC(TC) Support of NABTT Clinical Trials

® NABTT (ATC is working with Dr.
John Fiveash, M.D., Department

%
i ¥

. . . - ' — . .".i'.'.:.f"_!_'| o B | G« G0 vekoo! (Brcticty « gy cove « B M~ [l dwers « W parnnas = [ 50
of Radiation OnCOIOgy, Univ. of NEW APPROACHES TO BRAIN TUMOR THERAPY
Alabama Blrmmgham) (i1 The New Approaches to Brain Tumor Therapy

— There will be 9-10 NABTT institutions CNS Consortium
participating in these studies. Fre Group Leaders: Stuart Grossman, Henry Brem

— Protocols are Phase /11 with i f-fmn.m nstanons | e S
maximum of 90-100 cases. S e

— Plan is to review approx. 30-50% of
protocol cases (all IMRT and first

case for 3DCRT)
— Credentialing involves planning a
benchmark case and submitting data \
(same benchmark for all protocols) - l el
MARTT Cantral |!'I|'|.=".- Bl Stusrt Gressman, bohns Hopking Iniversity
o MABTT Biogtateiical Oica Pl Stawven Plantadagl Mabing sk LI b it
— QA for currently active study (NABTT NAGTY Praacoloay Canr Pl 4 Supes Massachusess Ganoal Hoveral |

0603) to be done by J. Fiveash and
Bob Lustig. ATC will identify this
protocol as NO603.

“ e A Vanced 'c_hnc:lcxgyl:cnsnr't:ium
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ATC(TC) Support of EORTC Clinical Trials

®* ATC(ITC) is working with the EORTC to provide
data integrity QA for the upcoming EORTC
Protocol 22042 “Adjuvant postoperative high-
dose radiotherapy for atypical and malignant
meningioma: a Phase-Il and registration study”.

® Testing of data submission (using SFTP) and
review (using RRT) are currently underway.

® \Waiting on signed agreement regarding
protection of patient data.




ATC(ITC) Support of JCOG Clinical Trials

® |nstitutions participating in protocol JCOG 0403
submit digital data representing CT images,
structure sets, treatment plans, 3D dose
distributions, and DVHs to Dr. Satoshi Ishikura,
Director of the Radiotherapy Support Center,
Tokyo, JAPAN, who then forwards these data to |
ITC in St. Louis for processing.

® Data are reviewed by Dr. Ishikura or his delegate
using the ITC Remote Review Tool.

® Currently, 14 institutions are eligible to enroll
patients and capable of digital data submission on
JCOG 0403; 125 patients are registered to study.

icedilechnologyConsortium 25
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ATC(ITC) Support of AstraZeneca Clinical Trial

® ITC support of the AstraZeneca H&N protocol has
begun.

— Three Institutions credentialed

— 8 case studies have been submitted and
reviewed

26




% National Cancer Institute

ATC is working with caBIG/NCIA  &asic ===
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® ATC is one of the funded participants in the caBIG In Vivo Imaging
Workspace.

— ATC members (ITC, RTOG, QARC) and ACRIN are actively
participating in the Testbed Special Interest Group (SIG).

— Exploring project with Ohio State Univ., QARC, ITC, and CALGB

— Working with OSU on RSNA demonstration project “Application of
caGrid® Middleware to Facilitate Quality Assurance for Advanced
Technology Radiation Therapy Clinical Trials”

+ Volumetric CT images, target-volume/organ-at-risk (TV/OAR)
contours, treatment plans, and 3D dose distributions submitted by
study participants converted to Matlab format using CERR.

+ CERR datasets are then used for distributed protocol compliance
review of image segmentation and dosimetry.

+ To facilitate distributed review of the CERR datasets, a secure
grid-based infrastructure is used for distribution of data sets and
collection of reports

1 — -
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Challenges/Opportunities: ATC Supported Trials

® Continue to update QUASAZR without disrupting support of ongoing clinical trials;

® Developing a more formal mechanism for evaluating how well ATC is meeting its
developmental, coordination, and service objectives;

® Multi-modality imaging (PET, MRI, MRS) target definition (data import) and
subsequent image fusion QA,;

® |GRT data submission and QA (EPID, daily MV and kV Cone beam CT, Helical
Tomotherapy MV CT, US,...);

® QA review of the accuracy and quality of the institution’s motion management
methodology;

® Heterogeneous dose calculations (QA evaluation criteria);

® Qutcome analysis tools (e.qg., for protocols such as lung in which the dose data
archived have either poor or no dose heterogeneity corrections;

® Proton beam therapy;

® ATC compliant data export for stereotactic specialized treatment systems (e.g.,
Elekta Gamma Knife);

® New processes such as adaptive radiation therapy (need deformable registration
QA tools)

® Data sharing

i -
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