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Obijectives

o Describe NCI’ s Initiative to revamp
the clinical trial system

o Present an overview of a proposed
Imaging Radiation Oncology Core
(IROC) services Group

o The Information Technology
Infrastructure of IROC

o Visions for radiation therapy clinical
trial quality assurance




Revamping the Clinical Trials Systems at NCI

Improve speed & efficiency of development & conduct of trials

v'Cancer Trials Support Unit - provide 24/7central registration
& collection regulatory documents

v'Provide NCI Central IRBs - Adult and Pediatric

v'Qualify sites for advanced imaging

National Cancer Institute

Incorporate innovative science and trial design

v'"NEXT - multiple agents under development, with
external peer review

v'Clinical Assay Development Program (CADP)

v'Develop support & funding for non-Group investigators
with novel ideas

http://deainfo.nci.nih.gov/advisory/ncab/161_0212/Abrams.pdf
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Why Support a Standing, Publicly Funded
Clinical Trials Network?

* Advance science & patient care, especially on important
research questions that are not priorities for industry,
including evaluating:

- Integration of new agents into standard regimens

National Cancer Institute

- Combinations of novel agents developed by different sponsors
- Multi-modality regimens (e.g., Surgery, Radiotherapy, IP therapy)

— Therapies for pediatric cancers, rare cancers, and uncommon
presentations of more common cancers

- Screening, diagnostic, & prevention strategies
— Optimal duration and dose of drugs & radiotherapy

- Different treatment approaches already approved for clinical care

Why Support a Standing, Publicly Funded

Clinical Trials Network?

* Trials oriented toward disease-management, not agent-
specific or limited by marketing constraints, with inclusion
of research questions related to:

- Correlative science

Imaging

Quality of Life

Symptom Management

Special Populations (e.g., analyis by sex, age, race/ethnicity)

National Cancer Institute

* Extensive, direct involvement of entire oncology community
in the design, development, & conduct of trials:
— Academic center investigators
Community & private practice investigators
Patient advocates
Young investigators in training
International collaborators
Data-sharing of clinical data & banked biospecimens
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Selected Major Accomplishments of Program:
2005 - 2011

* Over 30 Practice-Changing Clinical Trials including therapeutic
agents and other modalities, with 4 announced in first 6 months of 2011
- ACOSO0G-Z0011 - Surgery: SLND not inferior to Axillary Dissection in SLN+ BC
- NCIC-CTG MA.20 - RT: Regional Nodal RT reduces LR & improves DFS in Node+ BC
- COG-AALL0232 - Pediatrics: High Dose MTX improves EFS in pediatric ALL
- RTOG-94-08 - Multimodality: Short-term ADT with RT improves OS in prostate cancer

National Cancer Institute

* Over 10 FDA Indications - New Oncology Agents (Yr FDA Approval)
- Bevacizumab - CRC (2006); NSCLC (2006); Renal Cell Cancer (2009)
- Imatinib mesylate - Pediatric CML (2006); Adjuvant GIST (2008)
- Nelarabine - T-ALL and T-LBL (2005)
- Rituximab - Diffuse Large B-cell Lymphoma (2006); Follicular NHL (2006)
- Trastuzumab - Adjuvant Therapy for Early-stage Her2+ Breast Cancer (2006)
- Thalidomide — Newly Diagnosed Multiple Myeloma (2006)
- Anti-GD2 Antibody (ch14.18) in Neuroblastoma (BLA Currently in Preparation)

* Examples: New Indications Generic Agents (vrPublication/Press Release)
- Daunorubicin in AML (2009); Dexamethasone in Multiple Myeloma (2007)
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Next Steps in Transforming the System

> New RFA for an Integrated National Clinical Trials Network

> Consolidated Organizational Structure with Funding for
1 Pediatric Group and up to 4 Adult Groups

National Cancer Institute

> Review Criteria with Emphasis on Integration & Collaboration
for Overall Scientific Achievement and Operational Efficiency

> Funding Model with Increased Per-Case Reimbursement for
“High-Performance” Academic & Community Sites

> Competitive Integrated Translational Science Awards

> Revitalize Cancer Center Role in the Network (U10 awards)
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Introducing A New Organizational Structure
NCI Clinical Trials Network

‘ CTAC Clinical Trials Strategic Planning |

National Cancer Institute

. ]
SURSICIINGS | Administrative
- - - - Support
NCI Disease/lmaging Steering Committees: Services
Evaluation/Prioritization of Trials |
NCI
Network Research Support Services Central IRB
Network Network
Imaging and Integrated <]
RT Core Translational ) R—
Services Components N Network Lead W
Nel Academic —
Participating ~
- Other NCI RDE-A Canadian 4 Adu" ﬂl‘ld 1 PEdiatric Sites Central
Grant Network U.S. Network Groups Access to NCI

r<— ) Clinical Trials
(Cancer Trials
Support Unit)

(_b CCOPS &

Programs MB-CCOPs

\ Adult I
Group #1
Ops & Stats
~<«1—»(Other A i
Centers
Adult
Group #2 Group #4
Community

Ops & Stats Ops & Stats
Practices

.

NCI Clinical Trials Network

]

Ops & Stats International

Members

Introducing A New Organizational Structure

NCI Clinical Trials Network

CTAC Clinical Trials Strategic Planning |
Subcommittee \

]
Administrative

- - - . Support
NCI Disease/lmaging Steering Committees: SANices
Evaluation/Prioritization of Trials |
NCI
Network Research Support Services Central IRB

National Cancer Institute

Network Network
Imaging and Integrated Tumor
RT Core Translational Banks
Services Components Network Lead
NCI Academic
Participating
DEA - 4 Adult and 1 Pediatric Sites
Review U.S. Network Groups
ccoPs & Access to NCI
| wmBccops [+ Clinical Trials
Adult N
G o cOoG (Cancer Trials
roup i
p el Ops & Stats I Support Unit)
Contract ~<|>{0ther A
- Centers
Programs Adult
Group #2 roup #4
Ops & Stats Ops & Stats Lol Comm_unity 1S |
T Practices
SRR L, | International | _ |
= 3 Members
NCI Clinical Trials Network




3/18/2013

@ Introducing A New Organizational Structure
o}
i NCI Clinical Trials Network
=
E CTAC Clinical Trials Strategic Planning |\ ]
8 Slibcorniites ‘ Administrative
© . . . . Support
Ci) NCI Disease/lmaging Steering Committees: Services
= Evaluation/Prioritization of Trials |
(= NCI
g Network Research Support Services Central IRB
[g°) Network Network —r
I i d Int ted Ti
= el Bl < g
4 letwork Lea
Services Components A

Participating ~

NCI

RDE_A e 4 Adult and 1 Pediatric Sites Gentral
Network U.S. Network Groups — Access to NCI
MB.CCOPs ] Clinical Trials

(Cancer Trials
Support Unit)

Ops & Stats

~<«1—»(Other A

\ Adult
coG I
|—> Group #1 Ops & Stats W

Centers
Adult
Groul:) #2
Ops & Stats Lo Community L
Practices
Extramural T—.
. Ops & Stats 9
- & Advisory _ : LR
Comnmittees NCI Clinical Trials Network

Rationale for Transforming Current Program:

How Will Consolidated Network System Help?

Consolidate infrastructure to gain efficiencies (e.g., IT, Regulatory,
Administrative, Tissue Resource Management)

* Consolidate Imaging & RT core services to benefit entire Network

* Integrate new components into trials to provide value-added
research questions (e.g., advanced imaging, translational science)

National Cancer Institute

* Integrate new agents into trials

- Ex: Erlotinib, crizotinib, & ipilimumab are being integrated into trials in earlier stages of
lung cancer & melanoma treatment requiring screening large populations & combining the
agents optimally with surgery, RT, and immunotherapy

¢ Evaluate new agents in molecularly-defined disease subsets

- Ex: Even for common diseases such as breast cancer, # of molecularly-defined patient
subsets is increasing & there is a need for trial prioritization evaluating multiple new agents
with standard regimens across subsets to avoid duplication & optimize accrual
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SAM Question 1

We need to support a standing, publicly funded clinical trials network.
Which one of the following is not mentioned as one of the reasons?

a) Multi-modality regimens (e.g., Surgery, Radiotherapy, IP therapy)
b) Optimal duration and dose of drugs & radiotherapy

c) Different treatment approaches not approved for clinical care

d) Therapies for pediatric cancers, rare cancers, and uncommon
presentations of more common cancers

e) Combinations of novel agents developed by different sponsors

SAM Question 1 Answer

We need to support a standing, publicly funded clinical trials network.
Which one of the following is not mentioned as one of the reasons?

a) Multi-modality regimens (e.g., Surgery, Radiotherapy, IP therapy)
b) Optimal duration and dose of drugs & radiotherapy
c) Different treatment approaches not approved for clinical care

d) Therapies for pediatric cancers, rare cancers, and uncommon
presentations of more common cancers

e) Combinations of novel agents developed by different sponsors

Correct answer: (c) - Different treatment approaches already approved
for clinical care

Reference:
http://deainfo.nci.nih.gov/advisory/ncab/161_0212/Abrams.pdf

3/18/2013



SAM Question 2

A consolidated network system helps to better
conduct clinical trials.

Which one of the following is not included as one of
the rationales?

a) Consolidate Imaging & RT core services to benefit
entire Network

b) Consolidate infrastructure to gain efficiencies

¢) Evaluate new agents in molecularly-defined
disease subsets

d) Reduce cost associated with per case
reimbursement

e) Integrate new components into trials to provide
value-added research questions (e.g., advanced
imaging, translational science)

SAM Question 2 Answer

A consolidated network system helps to better conduct clinical trials.
Which one of the following is not included as one of the rationales?

a) Consolidate Imaging & RT core services to benefit entire Network
b) Consolidate infrastructure to gain efficiencies

c) Evaluate new agents in molecularly-defined disease subsets

d) Reduce cost associated with per case reimbursement

e) Integrate new components into trials to provide value-added research
questions (e.g., advanced imaging, translational science)

Correct answer: d) Per case reimbursement will actually increase for
some trials for better quality

Reference:
http://deainfo.nci.nih.gov/advisory/ncab/161_0212/Abrams.pdf

3/18/2013
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IROC

Imaging and Radiation
Oncology Core Group

IROC Mission

Provide integrated radiation oncology
and diagnostic imaging quality control
programs in support of the NCI’ s
NCTN Network thereby assuring high
guality data for clinical trials designed
to improve the clinical outcomes for
cancer patients worldwide

3/18/2013
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Members of IROC

ACR IROC Grant
Contact PI, Co-Director RT:
D. Followill, Houston;

Subaward_~

IROC Ohio
PI: M. V Knopp

Co-Director Imaging:
M.V. Knopp, Ohio

Subaward

IROC Houston
PI: D. Followill

IROC Philadelphia (rRT)
PI: J. Galvin
Subaward\ Subaward

IROC Philadelphia (imaging)

IROC Rhode Island

PI: TJ FitzGerald

IROC St Louis
PI: J Michalski

PI: M. Rosen

NCTN Collective
Management Comm.

IROC MGMT. COMM.

IROC Leadership Structure

IROC
Advisory Comm.

I

NCTN Relations SC ITSC NCTN Core Services Stds. SC Research SC
PD: Fitzgerald/Followill PD: Tilkin/Bosch Services PD: Galvin/Zhang PD: Xiao/Rosen
Site Trial Design Data <
3in R
Qualification | | Support/Assist. Credentialing Management Ll

NCTN Institution

IROC Executive Committee
Co-Directors: Followill/Knopp
IROC Admin: King/O ’Meara/Laurie

3/18/2013
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IROC Management Committee

Six IROC PIs

IROC Subcommittee co-chairs

IROC administrators

IROC key staff (RT and imaging)

Purpose: manage IROC QA services/operations to ensure
the uniform implementation of IROC core services,
prioritization of core services and establish, in
collaboration with the NCTN groups, future directions of
IROC

C’ s Five General NCTN Core Services

Site Triel - Det Case Data
Qualification 2| Desn | J (Credentaling | gy | (pre-review) | Y | geieyy | J | (postreview)
Support Management Management
NCTN RT Core Service
Operations
Site Qualification Trial Design Support Credentialing Data (Pre-rev.) Mgmt Case Review Data (Post-rev.) Mgmt
Followill/Galvin Galvin/Fitzgerald Molineu/Xiao Straube/Ulin Leif/0’Meara/Laurie Laurie/0’Meara

Houston-Phil. (RT) || Phil (RT), Rhodes., Phil (RT), Rhode Is.,
QA Centers St Louis QA Centers Houston QA Centers

—

Phil (RT), Rhode Is.
QA Centers

All IROC QA
Centers

Houston
QA Center

NCTN Participating Sites

3/18/2013
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IROC Services to be Provided
Site Qualification/Ongoing RT QA

o Electronic Facility Questionnaire (RT)

o Ongoing QA
Reference beam output audits
Verification of TPS data (site visit/virtual visit)

Proton Approval

o Electronic data submission by 1/1/16 by
participating sites?

Trial Concept and Protocol Consultation Key
Contact QA Centers

NCTN Group Radiation Oncology Imaging

Alliance Houston Ohio
COG Rhode Island Rhode Island
ECOG/ACRIN Rhode Island Philadelphia (1)
NRG Oncology Philadelphia (RT) Philadelphia (1)

SWOG Rhode Island Ohio

14
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Trial Concept and
Protocol Consultation
and Assistance

IROC Protocol
Review from All QA
Centers

IROC Interaction

Trial Protocol Assistance

1. Web based assistance (IROC website)
2. Designation of RT, Imaging or RT/Imaging
» Depending on designation
 Inclusion of either RT or | assistance
phone number or both in protocol
» Person to talk with

15



Credentialing

edentialing is defined as those QA procedures
esigned to verify ensure that a specific institution,
reatment/imaging device, and/or clinician or physicist
has the knowledge and capability to meet the protocol
specifications prior to being allowed to enter a patient.

Credentialing

ee Tier System

Data submission/KA/benchmark/previous patient

(electronic)

2. Data submission/KA/benchmark/previous patient/phantom
irradiation/IGRT

3. New treatment technology/modality requiring unforeseen

QA procedures

Allows:

» Discussion with protocol Pl and group to decide on
appropriate QA procedures

* Look at Tiers and assign protocol to a specific tier

* Goal is to minimize credentialing requirements for future
protocols by grandfathering institutions

3/18/2013
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IROC Services to be Provided

atient Case Clinical and Technical
Reviews

o Pre-Treatment (rapid reviews)
o On-Treatment (timely reviews)
o Post-Treatment (retrospective review)

IROC will facilitate the logistics and

Groups will supply clinicians.

data organization for the clinical reviews.

IROC Services to be Provided

Data Management/Secondary
Analysis
NCTN DICOM(RT) Archive

(NDA)
+

RAVE

Managed by / \ Accessibility

ACR Core Lab by Group

3/18/2013
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NCTN Relations Plan

IROC Co-Directors are a part of group chairs
meetings/calls and NCI/NCTN Collective Management

Relationship with each of the 5 group chairs
3.  Relationship with group Ops/data/statistics offices
4.  Representation on group RT and Imaging committees

5.  Assist with innovative RT and Imaging research from
Group Centers of Excellence

6.  Align IROC IT structure to interact with groups
efficiently

Summary

IROC RT QA centers have decades of experience/
knowledge and infrastructure.

Protocol review as early as possible is critical to
establishing appropriate QA procedures.

« Patient case reviews require IROC and Groups to work
together.

* RT and Imaging to work closely together.

» Collaboration and feedback from NCTN Groups is
required.

» Groups to have complete accessibility to data.

18
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IROC Informatics Infrastructure

The ACR/IROC Cloud

OPEN/RSS/ -

Other =N NCTN Statistics
RAVE & DM Centers

NCTN Network
Groups

DICOM DATA MANAGER;

AAAAAAAAAAA

IROC QA
Offices

19
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Transfer of Image and Data
(TRIAD) System

o End to end complete informatics system

o Designed to transport images and RT
treatment data

o Open platform that accommodates third
party system integration

o compatible with Health Insurance m
Portability and Accountability ACT &
(HIPAA) , and other regulatory =Y

requirements
o Interfaces with NCTN tools and services

Required NCTN Tools and Services

o Common Data elements-the NCTN programs approved
sections of the data dictionary in the NCI data
standards registry and repository (caDSR);

o NCTN information system for tracking biospecimen
collection and from NCTN trials, currently in
development

o NCTN Oncology Patient enrollment network (OPEN)

o Regulatory Support Services (RSS) via the Cancer
Trials Support Unit (CTSU)

o the NCI Common Terminology Criteria for Adverse
Events (CTCAE)

o the Comprehensive Adverse Event and Potential Risks
(CAEPR) for agents, if available.

20



Medidata Rave

o System for capturing, managing
and reporting clinical data from
Phase 1-3 trials

o Combining electronic data capture
(EDC) and

o Clinical data management (CDM)
o Interfaces with other systems

TRIAD Interface with NCTN Program

o User authentication

o List of trials via OPEN
and RSS

o Patient list via Rave

o Imaging and RT data
submitted and
archived with eCRT
integration

3/18/2013
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Remote Access

o Citrix XenApp

o Independent
Computing
Architecture (ICA) o

3 ’ ) 4 ) a a

Protocol
o High level window # * = & 2
display
o Clients support
multiple OS

Example:
Data Submission via TRIAD

3/18/2013
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Automated Validation

ccccc

SAM Question 3

IROC proposes to offer five core
services. Which one of the
following is not one of them?

a) Site qualification

b) Protocol development

c) Data management

d) Case review

e) Clinical data management

3/18/2013
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SAM Question 3 Answer

IROC proposes to offer five core services. Which one of the
following is not one of them?

a) Site qualification

b) Protocol development

c) Data management

d) Case review

e) Clinical data management

Answer: e) Clinical data management is Performed jointly by
the operations and statistical center of the network

Reference: http://grants.nih.gov/grants/guide/rfa-files/rfa-ca-
12—?2100.???:; hlttp://grants.nih.gov/grants/guide/rfa-files/rfa—
ca-12- .htm

SAM Question 4

NCI requires that tools and services provided by NCI
be used in clinical trial operations.

Which one of the following is not a NCI provided
required system?

a) OPEN

b) Medidata Rave
c) RSS

d) caDSR

e) CAEPR

3/18/2013
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SAM Question 4 Answer

NCI requires that tools and services provided by NCI be used in clinical
trial operations.

Which one of the following is not a NCI provided required system?

a) OPEN

b) Medidata Rave
c) RSS

d) caDSR

e) CAEPR

Answer: b) It is a commercial system not provided by NCI.

Reference:
http://ctep.cancer.gov/investigatorResources/docs/NCTN_Program_G
uidelines.pdf

Quality Assurance Science
and Vision

Adaptive QA;
Investigation into QA efficiency and efficacy;
collaboration with Imaging QA,
collaboration with NCTN group;

3/18/2013
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Evidence based, adaptive quality assurance

SBRT

o IGRT review process development, establish criteria

o IGRT review reporting

o Techniques to improve contour consistency
Quality assurance software development,
implementation

o Hausdorff distance/Registration

o MiMextension, Matlab scripts-e.g. DVH extraction
Outcome modeling/Secondary analysis

o Database integration

o Data analysis methodology
* o Personalized radiotherapy guidance

o Implementation of heterogeneity corrected criteria for lung

Subsets of the comparisons
of registration results

Treatment site

Establish Quality Assurance Criteria for
Radiotherapy Clinical Trials — for Image Guided

Radiotherapy _
A Study of Variations Between Image Analysis

Absolute value of difference of registration shifts (mm); mean + SD (range)

LR dimension

SI dimension

AP dimension

Three-dimension

ALR

ASI

AAP

AR + ASI 4+ AAP

TomoTherapy vs. the three
software systems

Head-and-neck
n=9)
Prostate (n = 12)

1.7 £ 1.5 (0.6—-5.4)

1.3+ 1.0(0.1-3.1)

23+ 14(05-49)

1.6 % 1.4 (0.0-5.1)

1.6 £ 1.3 (0.4-3.1)

2.7 £2.3(0.2-6.3)

3.8+12(25-6.2)

3.9 +2.0(0.8-6.8)

Elekia vs. the three
software systems

Head-and-neck
n=9
Prostate (n = 12)

2.1+ 1.6(0.4-5.0)

0.5+ 0.4 (0.0-1.3)

1.4 £ 07 (0.2-2.8)

1.4 = 08 (0.0-2.7)

25 £09(1.44.0)

0.9 £0.6(0.1-1.8)

3.8 £ 1.4 (2.0-6.0)

1.9 £ 0.6 (0.9-2.8)

Varian vs. the three
software systems

Head-and-neck
n=9)
Prostate (n = 9)

3.6+£3.2(1.2-8.6)

1.3+ 1.1(0.2-32)

33+ 10(1.644)

2.6 + 1.5 (0.5-49)

26 £0.6(1.1-3.2)

1.5 + 0.8 (0.5-2.8)

6.1 +£2.0(34-9.2)

3.5+ 1.3 (1.1-5.0)

All clinical results vs. the
three software systems*

Head-and-neck
(n=27)
Prostate (n = 33)

25+£23(04-8.6)

1.0 £0.9(0.0-3.2)

23+ 13(02-49)

1.8 £ 1.3 (0.0-5.1)

23 + 1.0 (0.4-4.0)

1.7 &+ 1.6 (0.1-6.3)

4.6+ 1.8(2.092)

3.1+ 1.7(0.8-6.8)

Complete comparison between
each other

Head-and-neck
(n=54)
Prostate (n = 66)

2.6 £2.1(0.1-8.6)

1.1 4+ 1.0(0.04.6)

L7 £ 1.3 (0.0-4.9)

2.1+ 17 (0.0-6.6)

1.8 £ L.1(0.1-4.0)

20+ 1.8(0.1-6.9)

4.1+1.9(1.1-9.2)

3.5+ 2.0(0.2-8.3)

Y. Cui (Xiao) et al, Int. J. Radiation Oncology Biol. Phys., Vol. 81, No. 1, pp. 305-312, 2011

3/18/2013
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uality Review for Radiotherapy Clinical Trials — for
age Guided Radiotherapy

T Credentialing for RTOG Protocols

Number Absolute value of difference of shifts (mm); mean+SD (range)
Protocol # (disease site)

of datasets Left-Right Superior-Inferior ~ Anterior-Posterior

0915 (Lung) 71 18+£12(00-64) 20+1.1(0.0-69) 2.0+0.9(0.0-5.0)
0813 (Lung) 21 1.7£08(0.1-51) 22+1.0(03-5.0) 2.0+1.1(0.1-438)
0631 (Spine) 6 0.7£0.6(0.1-1.5) 29+38(0.0-7.0) 04=0.1(0.1-0.9)
0920 (Head&Neck) 35 15+1.0(0.1-6.7) 2.5+22(0.0-82) 1.4=1.1(0.0-7.3)

Overall 133 1.7£10(00-67) 22+15(00-82) 18+1.0(0.0-7.3)

Y. Cui (Xiao) et al, Implementation of Remote 3D IGRT QA for RTOG Clinical Trials,
Int. J. Radiation Oncology Biol. Phys., In Press

arget Defined from Multiple Institutions

Pre-RT CRGHY Pre-RT PETIMTV
"
- L]

3/18/2013
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PTV DVH with institution's contour PTV DVH with consensus contour
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PTV volume difference PTV volume difference

Can Use Of An Atlas Decrease
Contouring Variability In NSCLC

Cases?

Table 3. Comparison of contouring consistency in Case3 with that in Casel and Case2

Quantity PTV Esophagus Heart Brachial Plexus
MSD* ., MSD MSD . MSD .
Case (mm) Dice (mm) Dice (mm) Dice (mm) Dice
Casel

_ . 4% . 3% R 4% . %
(o) 255 92.4% 216 77.3% 445 864% 1627  28.9%
_ . A% . 8% . 8% . 3%
(c;af?z) 456  86.4% 265  75.8% 385 868% 1985  31.3%
_ . 0% . 1 . 3% . 3%
(galsﬁ’) 309 88.6% 160 83.7% 225 93.3% 823 34.9%
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RTOG 0617, NCCTG N0628,CALGB 30609
Conventional vs. High Dose RT

RT: 60 Gy

Paclitaxel \
Carboplatin +/-

Cetuximab

Paclitaxel

Carboplatin X 2
+/- Cetuximab

RT: 74 Gy
Paclitaxel /’
Carboplatin +/-

Cetuximab

MN—-—<SO00OZ>» X

Overall Survival
100%

Dead Total

—60Gy 58 213
—74Gy 70 204

0. HR=1.45(1.02,2.05)  p*=0.02 |
0 3 6 9 12

Overall Survival (%)
ul ~
o al

N
(¢}

Patients at Risk Months since Randomization
60 Gy 213 190 149 124 104
74 Gy 204 175 137 116 93

*One-sided p-value, left tail
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o

o

o
Quality assurance software development,
implementation

o Hausdorff distance/Registration

o MiMextension, Matlab scripts-e.g. DVH extraction

59

Quantitative Contour Evaluation —
Hausdorff Distance

Histogram of minimum distances
Percent above 0.7 = 0, average = 0.107
Hausdorff distance = 0.573
Units are same as in CT data
900 g

[si]
L]
=
800
Surface rendering of: Gold Standarﬁ

with minimum distance to: Hippocanfguzoo
: £

600

500

MNumber of mesh points at t
(48]
o
o

0 05 17
Distance [same units as with CT data]
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0617_0001
0617_0003
0617_0004
0617_0005
0817_0006
0617_0007
0617_0008
0617_0008

o 0617_0010

0617_0010
0617_0010
0617_0011
0817_0011

5 0817_0011

0617_0012
06170013
0817_0014
0617_0015
08170016
0817_0017

B ; 3 ]
heart V20 heartV30 cord Dmax lungV 20 lung_cntrV 20 lung V' §
0 006 3980 035 014 058 051
0.10 006 4640 0R2 (3] 052 0%
08 081 4400 047 015 0.04
040 021 4780 03 [ 056 organ lng =
023 o1 820 027
0.00 0.00 3210 0.02 047
024 018 4180 021 [ 0588 index v - 5
008 015 4450 019 005 032
038 025 140 024 0ot 057
052 047 44,80 037 0.07 07 heart V20 =
0.46 o N 03 004 0.8 [heart v 30
038 oM 140 0M 0.00 031 cora Dmax
0.6 028 4780 035 021 052 :":‘j 2 o' P
008 007 4700 020 021 020 B e
006 003 I 049 027 080 ung_psi V 20 |
043 022 4830 036 o1 070 ng V'
030 025 470 037 02 051 |
070 0s? 4430 049 017 075 =
0.08 004 4010 0% |
045 042 5020 039
|

DVH Parameters Extraction
‘\ . -

patient_0617.m
at

(E5)0617_0016.csv N
#)0617_0022.csv |
(#0617_0028.csv
(£[)0617_0034.csv
() 0617_0039.csv
(E)0617_0044.csv

E 73 B

Application Extension —
Automatic Report

4\ MathWorks

Products & Sewvices Sohsions Everny

e — e — s sewe
e — rT—

f MATLAD o tragonert Deta

e rrm— e — on e
Overview P e e —— =,
o o Jswrite

e [ FYCAYCE— T T— L—

T
mazm i s

syntax

lsvriee(eilenase, &)

Select
x1svEite(£ilenane i, K IRaRGE) th e
Extension

o[ e sewe

status = xlswriee(

[status,nessage] = xlswric

L

eseription
X1suriee (e lenes
£ 1cnase, starting

R 7.
r—

Sene

*Wirite Dutarto 8 S readsheet
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o

O

Outcome modeling/Secondary analysis
o Database integration
o Data analysis methodology

63

o Personalized radiotherapy guidance

SAM Question 5

From the investigation into different image
registration systems, we observed intrinsic
registration uncertainties among the systems
themselves.

The uncertainty is approximately?

a) 0.5 mm
b) 1 mm
c) 2 mm
d) 3 mm
e) 5 mm

3/18/2013
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SAM Question 5 Answer

From the investigation into different image registration systems,
we observed intrinsic registration uncertainties among the
systems themselves.

The uncertainty is approximately?

a) 0.5 mm
b) 1 mm
c) 2 mm
d) 3 mm
e) 5 mm

Answer: c)

Reference: Y. Cui (Xiao) et al, Int. J. Radiation Oncology Biol.
Phys., Vol. 81, No. 1, pp. 305-312, 2011

Rapid Learning
CAT
(Computer Assisted Theragnostics)

MAASTRO/RTOG-ACR/Fudan
Collaboration

- A Federated Approach as An Alternative to NBIA?

3/18/2013
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Challenges to share data

[..] the problem is not really technical [...]. Rather, the
problems are ethical, political, and administrative. Lancet
Oncol 2011;12:933

1. Administrative (time)
».Political (value, authorship)
3.Ethical (privacy)

4.Technical

CAT approach

CAT is a research project in which

we develop an IT infrastructure -> technical
to make radiotherapy centers

semantic interoperable (SIOp*) -> administrative

while the data

under your full control -> political

* SIOp level 3 = Machine Readable ->Data in common syntax and with common meaning

3/18/2013
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hNetwork 11/2011

Map from cgadvertising.com

_ @ Active or funded CAT partners (10) )
@ Prospective centers (4)

Laryngeal carcinoma model

MAASTRO v - M
CAMCER PREDICTION MODELS V\r _—

4 MAASTRO patients
990-2005
www.predictcancer.org

o0 Input parameters
Age
Hemoglobin
T-stage
EDQ2T (Gy)
Gender
N+
Tumor location

o Output parameters
Overall survival

www.predictcancer.org

Laryngeal carcinoma: local control and overall survival

3/18/2013
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Larynx Query

UroCAT Research Fortal ® Maastro I | Fpov Bl - =+ Page~ Safety~ Tools~ @

4

Query Bullder Preferences| Descendants ( Malignant Laryngeal Neoplasm )

4 Malignant Laryngeal Neoplasm

ons for field 'Disease_code’

Laryngeal Carcinema

Search | Browse

[Cun(ept Name/Code: |imajignant laryngesl

Ancestors ( Malignant Laryngeal Neoplas

Laryngeal Sarcoma

Malignant Glottis Neoplasm

Malignant Subglottis Neoplasm

4 Malignant Laryngeal Neoplasm
| [ . -
Fnuealiboplas 4 Malignant Supraglottis Neoplasm

4 Malignant Neck Neoplssm

4 Malignant Head and Neck Neoplas

Malignant Epiglottis Neoplasm

Head and Neck Neoplasm

-

Malignant Egiglottis Neoglasm

Neck Neoplasm ” U 4 Malignant Supraglottis Neoplasm U

Exclusions:

P
Inclusions: Delete =l
Delets all ‘

C7484 Malignant Laryngeal Neoplasm -1

linallodelllleated

llentraillllerver

istributed
arning
chitecture

Send Average

llearnllllodellifromll
Tocaillllata

llearnlllogerltromll
llocailllata

Send Average

NodellllerveININMN

s B

=

Send Average

| Consensus p Consensus
Model onsensus Model
Model
Send Model
Parameters
Model
lodelMlervedllllllll ~ Parameters
Send Model
Parameters
===
o

| E | lodeilllerverlloma
= | g

llearnllloderlfromll
llocaillllata
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Ciassiﬁer

RTOG Training Set

— a_.Jo

SRS Ciassifier

Y
=
I <
-
o
s
@
a

| v
@©

[
o
2|
3 P
@ |

MAASTRO Training Set

Distributed Learning Results

: A
4] ——————>
Mode! > Evaluate
: 2
S s
Model

* Evaluate

T ~
_ =l
! Model | _»| Evaluate

i

TestData

- AUC: 62.4%

s

— AUC: 68.2%

Cox Regression Model

Inputs
gender

Hemoglobin value
ARM

Age

EQD2T

Disease

T staging

N staging

o P value
0.418
0.000
0.633
0.000
0.000
0.000
0.000
0.003
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Performance of our cox model

o ROC analyze: AUC=0.71
o Compare to the MAASTRO

Survival

Model based on multiple variables Model based on TNM

MAASTRO (n = 994) 0.73 0.62
(95% CI) (0.70-0.77) (0.58-0.63)

Leuven (n=109) 0.68 0.70"
(95% CI) (0.50-0.82) (0.45-0.81)

VU Amsterdam (n=178) 0.74 0.65
(95% CI) (0.69-0.87) (0.57-0.75)

NKI/AVL Amsterdam (n = 205) 0.71 0.57
(95% CI) (0.60-0.82) (0.52-0.69)

Manchester (n = 403) 0.76 0.63
(95% CI) (0.72-0.81) (0.58-0.69)

Pooled external datasets 0.71 0.60
(0.70-0.76) (0.57-0.62)

Artificial Neural Networks

o Inputs
gender

Hemoglobin value
ARM

Age

EQD2T

Disease

Tstage

Nstage

3/18/2013
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Performance of our Artificial
Neural Networks model

o ROC analyze: AUC=0.75

1 4

0.9 L

3 P o1& b
DAF bt .

02 pseas Real
+  Censored :
01r Predicted by ANN |-+
E :

i 1 i i i i L i i
0o 05 1 15 2 25 3 35 4 45 5§
years

Investigations in Progress

o Include image information

o Include QA parameters

o Use Support Vector Machine (SVM)
o Optimize model parameters

3/18/2013
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Establishing knowledge-based models
for IMRT planning quality evaluation
Example Of Parotid Sparing Modeling

Case 1 Case 2 Case 4 Case 5
TO0L — — — — EEEESE~uE RS T G S

— Actual Plan DVH

) R L G G G N - -+ - — =

— Modeled Lower
0 50 100 50 100 50 100 50 100 50 100 50 100 and Upper

Bound of DVH

Case 7 Case 8 Case 9 Case 10 Case 11 Case 12

o 50 100 50 100 5C 100 50 100 50 100 50 100

Case 13 Case 14 Case 15 Case 16 Case 17 Case 18

o 50 100 50 100 5C 100 50 100 50 100 50 100

Case 19 Case 20 Case 21 Case 22 Case 23 Case 24
100 — - — =

o 50 100 50 100 50 100 50 100 50 100 50 100
Q. Jackie Wu, Yaorong Ge

Experience-based dose volume histogram

Rectum In-Field Location

% @ & 0

N :ki(r:“fml ®
Rectum In-Field Scale 4o, Rectum In-Field Shape
> 1 D-p)?  rps(D=p1)/p2 1Y
—nn 2 D — . .
V= ZXW @ (pr.p2.p3; D)= —e 3 / e Tl Pike = > pija = Pia(k)
) ’ P2 0 i=1
k=0

+  With universal fitting function and parameter fits py,(k), which are derived from all N
training patients, we have the desired result:

N
'i/j,pred = Z o [pjl(k)7pj2(k)7pj3(k); D] : V(Azjk)
k=0

e This equation takes as input geometric variables and the derived fitting parameters

and outputs a predicted DVH for an organ based only on the input structure set SS;

Kevin L. Moore, Ph.D., DABR
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Target Defined from Multiple
stitutions, Incorporating Imaging QA

Pre-RT CTAGTV Pre-RT PETIMTV

Auto-Segmentation of Hippocampus
0933)

82
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Extension of CAT

o Include image information
o Include QA parameters
o Use Support Vector Machine

o Optimize model parameters

ROC analyze: AUC=0.75 from
Artificial Neural Network model

yoars

Future Quality Assurance

o Perspective QA trials, independently
or as part of a clinical trial, with
adaptive statistical design

o Retrospective QA data analysis for
efficacy and efficiency

3/18/2013
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Thank You
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