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Objectives

0 A summary of a myriad of imaging markers
[ Discussions on the various challenges.
O Examples of quantitative imaging in clinical trials

UIROC As Quantitative Imaging Resource
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Quantitative Imaging (Ql)

O Definition
o Extraction of quantifiable radiological biomarkers

O Applications
 Diagnosis, staging
o Treatment response assessment

° Improve prognostication of response to RT
° “Dose painting”
o Adaptive treatments based on anatomic or functional responses

TABLE 1. Clinical Indications for Which Imaging can be Parformed in a Clinical Trial Setting

Rale

Definition

Examples.
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Diagnosis and
staging

Progaostic marker

Prodictive
biomarker assay

Pharmacokinetics
marker

Pharmacodynamic
marker

Early raspanse
indicator

Basis of a Phase I
trial end point

Basis of a Phase Il
trial end point

To determing whether a lesion is posltive or
negative for malignancy

Ta determine the expected oulcome under standard  Lesion size on anatom

therapy for the patient's disease stage

To differentiate between patients expected to
benefit ciinically on one troatment rolative to
another fram those nat expected to experience
such a benefit

To confirm that the drug has reached the intended
target

To measure the sffects of the drug on the bady

To determina the sxpected ultimate outcome on a
particular therapy regimen from changes in a
tumor eharacteristic following a few cycles of
treatment

A pre- to postireatment Ghange measurement used
to determine whether to proceed to the
subsequent Phase lll investigation

A pre- to postireatment change that serves as a
surrogate for a definitive clinical end point

F18-FDG PET in lymphoma

Nodal staging using F18-FDG PET in head and neck
cancers (ACRIN 6685)

imaging such as CT of MRI

“High" versus “Low" SUV on F1B-FDG PET in head and
neck SCC, NSCLC, and gastrossophageal cancers

1123 scan predictive for I-131 therapy in thyroid
cancer

F18-FES PET predictive for hormanal therapy in breast
cancer (EAI42)

F18-FLT PET *flare” in pancreatic cancer (EAZ131)

Perfusion CT and DCE/DSC MR in ant-angiogenesis
targeted therapy

F18-FDG PET response in gastric cancer after
neoadjuvant chematherapy (AD21302)

During-treatment F18-FDG PET evaluation of external
beam radiation in NSCLG (RTOG 1106)

Completa metabolic response according to F18-FDG
PET in cervical cancer

PFS based on anatomic imaging

CT, computed tomography; DGE, dynamic contrast-enhanced; DSC, dynamic suscept
fusroestrariol; FLT, fuorothymicine; MR
raphy; PFS, prograssion-tree survival; SCC

ignetic resonance in

iging: NSGLC, nonsmall cell lung
samous Gl carcinema; SUV, standardized uptake

er; PET, positron emission tomog

Quantitative Imaging Modalities

Anatomic-based imaging

Tomography (CT)
T1- and T2-weighted (MRI)

Functional-based imaging

Positron emission tomography (PET)

contrast; FDG, fluoradeaxyglucose; FES,

Single photon emission computed tomography (SPECT)

Perfusion and Diffusion weighted imaging (DSC, DCE, DWI)

Magnetic resonance spectroscopy imaging (MRSI)
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Imaging Time Sequence

MOLECULAR IMAGING

BEFORE DURING AFTER RADIOTHERAPY
DIAGNOSIS 1 l l l I """ | |
and STAGING
EARLY LATE
TARGET
DEFINITION TREATMENT RESPONSE ASSESSMENT

CcT

3D CT: Anatomical

4D-CTs: Visualize respiratory motion; Ventilation guided
avoidance

Dual-energy CT (DECT): Accurate photon and proton dose
calculation

CT (DCE-CT):Target delineation; Assess response to
therapies; Predict outcomes after RT

CT-based radiomics: Diagnostic accuracy, prognostic
capability, and response prediction

Challenges

CT Radiomics:

Reproducibility of using test-retest analyses

Robustness of image features
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PET Tracers

FDA approved:

[18F]-fluorodeoxyglucose ([18F]-FDG)
Na[18F], 18Fluciclovine
[11C]-Choline

[68Ga]-DOTATATE

FDG PET

Target delineation: HN, lung, lymphoma, pancreatic, anal,
rectal

Predictive of RT response
Response assessment
Adaptive RT

Need for standardization to reduce variability
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Follow-up

Early Response Predicts Lon

Outcome

NGCN Recommendations on Use of '8F-FDG PET/CT for
Target Definition and Treatment Response Evaluation in

Radiotherapy
Cancer Target Response
— type definition evaluation
Gervical Recommended Optional
Esophageal Recommended Recommended
Head and neck - Optional
Hodgkin Optional Recommended
lymphoma
Non-Hodgkin Optional Recommended
lymphoma
Non-small Recommended -
cell lung
Small Recommended —
cell lung
Pancreatic Recommended -

Recommendations are as of 2015. No significant evidence to
support use of '®F-FDG PET/CT at this point is indicated with a dash,
which does not mean that use of '®F-FDG PET/CT may not be
beneficial but merely that evidence at this point is still insufficient.

RTOG 1106/ACRIN 6697

RANDOMIZED PHASE Il TRIAL OF INDIVIDUALIZED ADAPTIVE RADIOTHERAPY USING
DURING-TREATMENT FDG-PET/CT AND MODERN TECHNOLOGY IN LOCALLY
ADVANCED NON-SMALL CELL LUNG CANCER (NSCLC)
Baseling FOG-PETICT scan wilin 28 days prior o Siait of Teabment —

ipnts. Baseie FMISO-PETICT scan wilhin 28 days prioe 10 siart of reatmen
but not on same day as FOG-PETICT scan
L

o
i "
N A | am 1. Concurmon Chemarsdtrs
oy Tomes "
T o N | RT1a50 G 25 tacims romy & Wi
o |, D | “Carboplatin and pacitasal weekly
o &
T [2e5em W | Arm 2 Concurs Chemoraditherany
U | ETioan2 Gyt nacsoe oy iwosk)
b | Mstolony ;
S I B

2
‘AL PATIENTS: During-RT FOG-PETICT Scan between fractions 16 and 19 for Both Arms
For Arm 2, re-simulation wah GT scan at frsctions 16-19 (wesks 3-4

y,
Rre 1 Gontmussan R % AdRple raoierapy, Ba5ed on A

péan, not based on suring-RT FDG-PETICT FDG-PETICT scan and resimusation with GT
scan wilh carbopialin and pacitaxel for a scan with cartioplalin and pacitaxel for &
talal of 6 wesky cycies. No adaptadion is tolal of 6 weskly cycles
alawed

19.8-34.2 Gy In 9 fractans; overall total of up
ot of 80 Gy in 30 daily fractions 12.80.4 Gy in 30 dady i1 6 wes
(nomirally 5 tweek) Invidualized 1o MLD 20

b

L ALLPATIENTS:
[ [T ——— [
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Question set 3:

Which of the following is the primary objective for RTOG 1106-6697: To determine when an
individualized adaptive radiation treatment (RT) plan is applied by the use of an FDG-PET/CT
scan acauired during the course of ractionated RT in patients with inoperable or unresectable
stage |11 NSCL(

a) whether tumor dose can be escalated to improve the LRPF rate at 2 years;

b) whether an individualized dose escalation improves overall survival (OS)
¢) whether an individualized dose escalation improves progression-free survival (PFS)

d) whether the rate of severe (grade 3+ CTCAE, v. 4) radiation-induced lung toxicity (RILT) differs

Answer: a)

Literature:

Reference: https://www.rtog.org/ClinicalTrials/ProtocolTable/StudyDetails.aspx?study=1106

PET with Other Tracers

FLT: Early response, differentiate progression

Hypoxia PET: [18F]- fluoromisonidazole (FMISO)

[18F]-fluoroazomycin arabinoside (FAZA)
[18F]-flortanidazole (HX4)
Cu-ATSM

Adaptive; Dose painting;

Standardization
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Variability in Imaging and Sample Size

Frequencies of Spec

Difareroes in Scanner Guaifications for 3 Time Percds
™ n u

Focentage

Effects of Injection-to- Acquisition Time
Variability on Required Sample Size

Sansithty ana Spaclcity Dachid om Simfated Tisw-Acthiy Duves 503 Uptakis Trvas

Sarpra Encurios St soeutun E—

MR

T1- and T2-weighted
Perfusion, DWI

Diffusion tensor imaging (DTI)

Spectroscopy

Tumor delineation

Prediction of RT response

Planning adaptation

Assessment of treatment response
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Perfusion MR

Dynamic contrast enhanced (DCE) MRI
1) Ktrans; 2) Kep 3) Vp and Ve
Dynamic susceptibility contrast (DSC) MRI

Cerebral blood volume (CBV);cerebral blood flow (CBF);
Mean transit time (MTT)

Differentiate tumor progression

Predict for survival outcomes e.g. ACRIN 6677/RTOG 0625; ECOG-
ACRIN (NCT03115333)

DCE-MRI Ktrans values for targeting radio-resistance

DWI MR

Early response in Clinical Trials:

Esophageal cancer (NCT03151642); HNC (NCT02497573,
NCT00581906); Prostate cancer (NCT02319239); Rectal
cancer (NCT02233374); Pediatric sarcoma (NCT02415816),
and Cervical cancer (NCT01992861)

3 T allows for higher b value

QA and standardization of ADC for segmentation and
radiomics

MRS/MRSI

Diagnosis: Tumor grade

Response assessment: Differentiate tumor progression and
radiation necrosis.

Target delineation and dose escalation

Example: Prostate: tumor id for brachy therapy guidance




Multi-parametric MR for Tumor Definition

R-4
0.47

R-5
0.49

P-1
0.94

T2w ADC Ktrans Biopsy Prevalence TP map

EPSI for Tumor Delineation

T1 post FLAR ChalNAA map Tt post

MR for Outcome Prediction

Table 3: Basic MR functional imaging types that have shown promise in predicting outeomes for various umor fypes

Type of meusurement  Fun

ol imaging methed Known s What is memsured

Gadolinium-induced

Dynamic contrast enhanced  DCE, permeability P

Dynamic

Perfusion susceptibility contrust D¢

Arterial spin labeling ASl

Diffusion Diffusion weighting imaging DWI
Metabol function Spectroscopy Mesi el compestion b
depindint BOLD, (MR1 ™
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https://doi.org/10.1155/2014/231090

MRI Radiomics

Discern benign from malignant lesions

Identify radiation necrosis after RT

Generate automatic tumor segmentation algorithms
Improve prognostic capabilities

Deep learning to correlate with genomic phenotypes

Challenge:
Validate robustness radiomic features

Imaging processing platforms that facilitate the discovery
and validation of radiomic biomarkers

DWI MR Blurring and Distortion

Patient

T2w image ADC, ssePI ADC, rsEPI

Question set 1:

Extracting quantitative transport parameters from DCE-MRI acquisitions is challenglng The
selection of different perfusion analysis softwares corresponded to

variation for K, in the range,

a) 28.3% - 48.8%

b) 48.3% - 68.8%

€) 68.3%- 88.8%

d) 38.3% - 58.8%

Answer: b)

Literature:

Jaffray DA, Chung C, Coolens C, Foltz W, Keller 4 Menard C et al. Quantitative Imaging in
Radiation Oncology: An Emerging Science and Clinical Serv\(e Semin Radiat Oncol [Internet].

2015 Oct 1 [cited 2018 Apr 10 25( ):292-304. Available frol
https://www.sciencedirect. com/Sc\ence/amde/pll/51053429515000557
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Imaging Variability & Outcome

Table 11 Quanitative qualiey conem defsiios for
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Diagram depicting the importance of optimizing imaging performance based on the fundamental
objectives of radiotherapy (outer circle).
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LauraA. Dawson, and Cynthi
2010;15:338-349

Imaging
Performance

Spatial
Resolution

aMénard The Oncologist
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Question set 2:

Major impediments to broad adoption of molecular imaging include:

a) Lack of clinical evidence, immature technology, tracer scarcity, and inadequate
recommendation.

b) Lack of linical evidence, immature lack of models, and inadequat
recommendati

) Lackof ciical evidence, training, lack of models, and inadeq
recommendati

d) Lack of clinical evidence, lack of analysis tools, tracer scarcity, and inadequate recommendation.

Answer:c)

Literature:
Jera] R Bradshaw T, Simon | U Molecular Imaging to plan Radiotherapy and Evaluate s fficacy. J

Nucl Med [Internet]. 2015 ;56(11):1752-65. Available fro
http://jnm.snmjournals.org/cgi/doi/10. 2967/]numed 11A 141424

NCI National Clinical Trials Network Structure

00000

IROC Mission

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

IROC
Contact Pl: D. Followill
Co-Pls: D. Followill, Houston (RT) and M.V. Knopp, Ohio (Imaging)
Sub-awards to:

IROC Philadelphia*
Dirs.: Y. Xiao & MRosen

‘ IROC Rhode Island ‘

IROC Ohio
Dir.: M.V. Knopp

IROC Houston
Dir.: D. Followill

Dir.: T.J. FitzGerald

Figure 1: IROC QA Centers, Pis and funding relatonsrip with ACR. * ATC primarly supports IROC Phiadelphia

IROC, CIRO, EIC and NCTN groups

IROC’s Five Core Services

1.Site Qualification (SQ) @»
(FQs, ongoing QA, proton approval, resources)
2.Trial Design Support/Assistance (TD) @»

(protocol review, templates, help desk, key contact QA centers)

3.Credentialing (CD) @&»

(tiered system to minimize institution effort)

4. Data Management (DM) «I»

(pre-review, use of TRIAD, post-review for analysis)

5.Case Review (CR) «&»

(Pre-, On-, Post-Treatment, facilitate review logistics for clinical reviews)

7/31/2018
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Radiomics Quality Scores
OPDOOD

Feature Explosatory
extraction analysis Modaliag
o 0000

Feature
reduction or Multivariable Biokgical Cut-off Discrimination Calibeation Prospective Validation Comparison Potential  Cost- Open
0 analysis Eorreluied analysis statistics statistics. uxm wgold  clinicl  effectiveness science
for muliiplo standard  spplicatons anshsis  and data
testing
" " " elorez elore o Stess el .2 " eliord

Sored
ROS
03

ROS Total 36

Summary

1 Ql essential for radiation therapy and have been
incorporated in clinical trials

O Many challenges face appropriate usage of Ql

O IROC as an resource for QI

Thank you

7/31/2018
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