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| will discuss the following off label use and/or investigational
use in my presentation: FLT (PET Agents)
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Drug development costs are (too) high

The cost of commercializing a new (cold)
therapeutic drug is $800-1700M. Time taken is 10-
12y

A blockbuster drug is expected to have sales In
excess of $900M a year. Numerous therapeutic
drugs nave sales |n the $1000-3000M range.

DiMasi JA, Hansen RW and Grabowski HG. The pri ew estimates of drug development costs. J Health Economics 2003;22:151-185

The cost of commercializing a new drug for
diagnostic imaging is $100-200M. Time taken Is 8-
10y

A blockbuster drug (most of which have been on
the market for some time) has sales of $200-400M.

Nunn A.D.The cost of developing imaging agents for routine clinical use. Investigative Radiology 2006; 41 (3), 206-212



Can Imaging Accelerate Drug Development,
Lower Costs and Increase Success Rate In

Cancer Therapeutics?

A Varying pharmacokinetics in whole body, organs
and tumors

A Varying receptor status in tumors
A Varying proliferative/apoptotic rates in tumors
A Varying in many characteristics

A Current cancer treatments are substantially based
on the nNnAverage Patient
patient.

A Goal is to individualize treatments to optimize
responses and minimize toxicity.

A Imaging shows the phenotype in the physiological
milieu



Efficacy of Current Cancer Rx
A 100% of patients get Rx.

A 10-15% in metastatic lung, esophagus, pancreatic
cancers

A Paradigm of treating 10 to benefit 1 is not
economically sustainable

A Need PERSONALIZED approaches to enrich
response rates

A Benefit to those who will benefit most and avoid
harm to those who will not



Limitations of Imaging Form or
Anatomy |.

A Detect masses, does not characterize them to a
significant extent (fat, water, air) as to contents

A Show lymph nodes as present or absent but
doesnot reli ably state

A Often difficult to detect small tumor foci,
especially If surrounded by normal tissues.

A If small lesions identified, cannot be specific as to
cause

A Performance less good in post operative state due
to distortion of normal anatomy



Limitations of Imaging Form or
Anatomy |Il.

A Does not predict response to a given therapy

A Displays limited information re. Tumor
niology (60% accurate for invasion)

A Slow to display response to treatment
A Difficult to measure cytostatic responses

A New imaging techniques, especially PET
have potential to address limitations of
anatomic imaging.




What are our Imaging Tools?

A X-ray based imaging: Chest X ray, Bone
radiograph, CT scan, angiogram

A Sound base#l Ultrasound (including Doppler US)

A Nuclear Medicind Gamma camera imaging,
PET, SPECT imaging

A Magnetic Resonance Imagidncluding varying
pulse sequences, DCE MRI,

A Optical Imaging: Human eye, bioluminescence,
NIR (best in animals)



X-Ray Based Imaging
A Strengths:

I Excellent anatomic resolution
I Quick and widely available
I Provides size measurement used in RECIST

Weakness:
lonizing radiation
Information content somewhat limited

Tumor si ze changes ar
successful or unsuccessful rx.

Lack of specific contrast agents
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FDG-PET/CT imaging (FOV 25 cm)




relative tumor volume by CT (Observer?)

—®— treated
—#— control

1 2
days after chemo




Ultrasound Based Imaging

A Strengths
I No Ionizing radiation
I Reasonably good resolution
I Relatively Inexpensive
I Widely available

I Weaknesses
Limited depth of penetration
Limited quantitative information
Lack of specific contrast



Nuclear Medicine
PET and Single Photon Imaging

A Strengths
I Low mass guantities required (tracer)
i Quantiative
i Can evaluate deep structures
i Wide range of tracers available (or not)
i Can combine with CT
i Reproducibility understood
A Weaknesses
I Limited resolution
I lonizing radiation
I Radiotracers may not be widely available
| Cost
i Short half lifes make logistically challenging



CT Transaxials PET Transaxials
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Magnetic Resonance Imaging

A Strengths

Relatively widely available

Resolution is good and can be excellent

Many pulse sequences available

Can provide physiological information

Some contrast agents emerging (nodal/vascular)

A Weaknesses

Predominantly anatomic in many applications

Pulse sequences are not wsthndardized across
manufacturers or institutions

Reproducibility is not yet well characterized
Cost

NSF (severe complication in patients with poor renal
function and repeated Gadolinium dosing)



Baseline

Breast Applications
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1st cycle (7 4t cycle (5 Before surgery
days) days)

Jacobs MA, Ouwerkerk R, Wolff AE, Stearns V, Bhujwalla, ZM , Bluemke D.



Optical Imaging

A Strengths
I Very sensitive to small numbers of molecules
I Semi quantitative (attenuation effects)
I Some use in OR and superficial organ assessments
I Excellent preclinical tool

A Weaknesses

I Not easily scalable to humans, at least for deep
structures due to light absorption

I Limited specific contrast agents (but they can be made)
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Results

|

Treated (35 uCi/mouse) Untreated



In Vivo Raji Cell Growth
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Imaging Costs of Whole Body

How much does CT scan of chest abdomen and

pelvis cost on average in US based on Medicare
data?

A) $400
B) $800
C) $1200
D) $1600
E) $2000



Imaging Costs of Whole Body

How much does PET/CT scan of chest
abdomen and pelvis cost on average in US
based on Medicare data?

A) $1000
B) $1400
D) $2400
E) $3600
F) $4800



Imaging Costs

A CT (neck, chest, ab/pel) A FDG-PET/CT (full body)
A $1200.52* A $1407.33 *

includes professional fee + technical fee + FDG cost

* Source: American College of Radiology,



How Much Does a BMT In NHL
Cost In the US?

USD

A) 50,000
B) 100,000
C) 150,000
D) 250,000
E) 350,000



PET and PET/CT Imaging

A Typically more accurate diagnostically than CT
alone

A True in common cancers like lung cancer staging,
melanoma, ovarian, colorectal, lymphoma

A Implications: PET may identify patients with more
T mited di sease and Anup
otherwise considered of a more limited stage

A Can result In possibility of better (or worse)
outcomes simply because of use of alternative
Imaging methods



PET/CT and SPECT/CT are
Quantitative Methods

A Most applications to date have been Qualitative

A In treatment response assessment, especially if
looking for small treatment induced changes,
Quantitation will be needed

A Quantitation requires greater attention to technical
details than qualitative imaging

A Standardization of methods is required




Potential Roles of Advanced
Imaging in Drug Development

A PreClinical
I In vitro
I Animal Models

A Clinical
I Phase
I Phase I
I Phase lll




Imaging What?

A Drug ltself?
A Surrogate for the drug? (eg-111 for Y90)

A Tumor characteristics best suited to drug

I Receptor or hypoxia, proliferation rate, blood
flow

A Tumor response to the drug
I FDG, FLT, size, vascular permeabillity or flow

A Size:



Roles of PET/CT and SPECT/CT In
Cancer Management

A Prior to treatment
I Diagnosis (cancer or not?)ncluding directing biopsy
I Staging before therapy

A Pre surgical
A Pre Radiation therapy (planning)

APre Radionuclide therapy (dosimetry)
I Predicting Response*
A After treatment initiated
I Assessment of response after completing therapy

I Intra-therapy monitoring
I Response Adaptive Approaches



Imaging What?

A Drug ltself?
A Surrogate for the drug? (eg-111 for Y90)

A Tumor characteristics best suited to drug

I Receptor or hypoxia, proliferation rate, blood
flow

A Tumor response to the drug
I FDG, FLT, size, vascular permeabillity or flow

A Size:



1-131 Tositumomab Treatment Regimen

Thyroid protective agent. Day 1 1 continuing through 14 days post-therapeutic dose

DEVAY Day 71 14
Dosimetric Dose Therapeutic Dose
450 mg unlabeled tositumomab, Total Body 450 mg unlabeled tositumomab,
: Counts x 3 :
35 mg tositumomab 35 mg tositumomab
radiolabeled | 131 to deliver

radiolabeled | 131 (5 mCi)

A Day 0 specific cGy TBD (variable mCi)
ADay 2, 3, or 4
A Unlabeled dose infused A Day 6 or 7 |
over 1 hour A Unlabeled dose infused
A Radiolabeled tracer dose infused over 1 hour |
over 20 minutes A Radiolabeled therapeutic dose

infused over 20 minutes



.Purpose of Administering
Unlabeled Tositumomab Prior to
lodine | 131 Tositumomab

To occupy non-tumor CD20 sites on:
— Circulating B cells
— Splenic B cells

To provide a longer residence time of the
radioconjugated antibody

To potentially improve tumor uptake of
radioactive antibody

Slide 21



Effect of Unlabeled Antibody
Pre-Dose on Distribution
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Data on File. Corixa Corporation.
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Normal
Biodistribution

Scan 1
Day 0/Visit 1

Total body residence time
50 - 150 hours

First Image (shortly after
dosimetric dose)

Most activity in the blood pool
(heart and major blood vessels)

Uptake in liver and spleen
IS < In heart

Anterior

Scan 2
Day 3/Visit 2

Anterior

Scan 3
Day 6/Visit 3

Anterior






