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The Opportunity Equation:

• Problem:  Toxicity of potent anti-cancer agents act as

barrier to therapeutic benefit

• Need:  Improved biodelivery (safety)

– Targeting tumors

– Limit exposure of healthy tissues and organs to cytotoxics

• Solution:  Engineer new drug formulations to harness

therapeutic potential of well-characterized therapeutics

– Elevate dose with less toxicity      improved response

– Tumor regression & reduced side effects
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Challenges For Nanomedicines For Market Approval
• In Vivo Stability and Avoiding Initial RES Uptake

– ADME Studies of the API and the Nanomaterial

• Mechanism of Action of Nanomedicine

– Tumor-Targeting (Active and Passive)

Improvement in Therapeutic Index

                   Lower Effective Dose

• Scale-up Manufacturing to Set Specifications

– Appropriate Analytics for Release Specifications and Stability
Testing

Size, Shape and Size Distribution Specifications

Method of Measuring Size:  Core Vs Hydrodynamic Volume

Free Vs Packaged API

Analysis of the Packaging of the API

Activity of API

– In-process Sampling (Evaluation of Manufacturing Process)
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Proprietary Core Technology
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Nanoparticles Flowing Through
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Healthy blood vessels

Leaky blood vessels in and
around tumor



Comparison of Colloidal Gold-TNF Formulations

Untreated

cAu-TNF

cAu-TNF CYT-6091

PEG-THIOL Bound to

cAu-TNF
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CYT-6091 (Aurimune) Murine Pre-Clinical Trial Results:

• Binding Thiol Derivatized PEG Onto The Surface of Colloidal

Gold Nanoparticles Avoids Immune Detection by the RES

• CYT-6091 (Aurimune)

! Increases the Circulatory Half-Life of TNF

! Delivers TNF to Solid Tumors by Passively Extravasating from the

Tumor Vasculature and by Actively Binding to TNF Receptors

! Accumulates TNF in TNF Sensitive and Insensitive Tumors

! Induces Potent Anti-Tumor Responses in TNF Sensitive Tumors at

Lower Doses of Drug

! Induces Anti-Tumor Responses in TNF Insensitive Tumors with

Repeated Dosings

! Synergizes with doxorubicin
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Electron Micrographs:  Differential Uptake of Aurimune

(CYT-6091) in Murine Tumor and Normal Tissue
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Comparison of Aurimune and Native TNF on

Tumor Growth of MC-38 Tumors in C57BL/6 Mice
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CYT-6091 in Combination with Doxorubicin in a TNF

Insensitive Tumor Model

•  B16/F10 melanoma tumors growing in C57BL/6 mice

•  Treatment Groups

•  TNF (Single or Multiple Treatments)

•  CYT-6091 (Single or Multiple Treatments)

•  CYT-6091 + suboptimal dose of doxorubicin (Multiple Treatments)

•  Combination Studies CYT-6091 given 2 hours prior to doxorubicin treatment

•  Tumor volume monitored over time
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! †

! † p<.06 for CYT-6091 and CYT-6091 & DOX vs Untreated Controls and DOX  * p<.09 for CYT-6091 & DOX vs CYT-6091

Time After Injection (days)

= Dosage/Injection

Synergy of CYT-6091 with Doxorubicin in B16/F10 Melanoma Tumors



Murine Tumor Models
Vs.

Naturally Occurring Cancers
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Compassionate Use of CYT-6091 in Companion Animals
with Terminal Cancer

•Rx: six IV injections
!

!

!

!

!

!

1st Rx: 12/3/01

6th Rx: 1/30/02

•Total Amt of TNF= 2.5 mg
10X Previous MTD

•Clinical Response:
Tumor Still Present

Dog w/ Sarcoma Died 6/23/02

Dog w/ Transitional Cell Carcinoma Died 11/02

Confidential



IV Treatment of A Tumor-Burdened Dog:
TB and Serum TNF Levels

(CYT-6091 Dose = 467 µg of TNF/m2)
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IV Treatment of A Tumor-Burdened Dog:
Blood Pressure and Heart Rate

(CYT-6091 Dose = 467 µg of TNF/m2)



Aurimune Treatment of a Dog with Bladder Cancer

Before Treatment After Six Treatments

Aurimune (10 !g/kg/Tx)
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From Bench… …to Bedside
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Analytical Tests of the GMP Manufactured CYT-6091

• Gold Analysis

• Size Analysis by UV Spectroscopy and Disc Gradient Centrifugation

• Quantitative Analysis by ICP-AES

• TNF Analysis

• Quantitative Analysis by ELISA

• Total Vs. Free

• Identity by HPLC and SDS-PAGE -- Following Stripping by DTT

• Activity by Bioassay -- Of Final Drug Product

• PEG Analysis

• Quantitative Analysis by RP-HPLC-ELSD

• Total (Following Stripping by DTT) Vs. Free

• Surface Charge Analysis -- Measured by Zeta Potential
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Colloidal Gold Nanoparticle
Synthesis

Gold 

Chloride

+

Sodium 

Citrate

Au3+ Au0
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Reproducibility of Particle Synthesis



Making 150L of Colloidal Gold Nanoparticles
Readjusting Volume

After AuHCl4 Addition

Addition of Sodium Citrate:

Adding 6L of Citrate within 3 Seconds

Release Valve
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Addition of HSA follows

complete mixing of

regents

Current Manufacturing Process

utilizes 1 pump to draw reagents

into the in-line mixer.  1 Pump and

or the Volume of mixer (<100 ml)

may be limiting for large scale

process

Manufacturing at a Glance

Permeate

Retentate

Concentration Confidential
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GMP Manufactured Lyophilized CYT-6091
for Clinical Study



Aurimune Phase 1 Clinical Trial Protocol:

• Patient Population:  Advanced-Stage Disease, Solid

Tumor

• Dose Escalation:  3 Patients Per Group

• Single Treatment Course = Dose on Day 0 and Day 14

• End-points

! Primary -- Establish a Maximally Tolerated Dose (MTD)

! Secondary -- Biopsy Tumor and Healthy Tissue for Gold

Nanoparticles (Tumor Targeting)
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Patient ID and Dose Histology Status

17 (300 "g/m2) Colon Adenocarcinoma Stable Disease + 2 months

18  (misdosed) Ocular Melanoma Progressive Disease

19  (300 "g/m2) Ocular Melanoma Progressive Disease

20  (300 "g/m2) Ocular Melanoma Progressive Disease

21 (400 "g/m2) Desmoplastic Small Round Cell Progressive Disease

22 (400 "g/m2) Rectal Adenocarcinoma Progressive Disease

23 (400 "g/m2) Colorectal Adenocarcinoma Progressive Disease

24 (500 "g/m2) Ocular Melanoma TBD

25 (500 "g/m2) Invasive Ductal Carcinoma TBD

26 (500 "g/m2) Colorectal Adenocarcinoma TBD
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Drug Pipeline:
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Challenges: Potential Nanomedicine Projects

• Manufacture to Set Specifications

– Appropriate and Validated Analytics
to ICH Standards for Release
Specifications and Stability Testing
! Define Size, Shape and Size

Distribution (Reproducibility)
o Dynamic Light Scattering, Density

Centrifugation, TEM
• Core Vs Hydrodynamic Volume

! Free Vs Packaged API

! Analysis of Packaging of API
o Raman Spectroscopy

o MALLS (multi-angle laser light
spectroscopy)

o AFM (atomic force microscopy)

! Activity of the API

– In-process Sampling (Percent
Recovery)

•  Biodistribution and
Mechanism of Action

–  ADME Studies of the API
and the Nanomaterial

–  Tumor-Targeting

!  Improvement in
Therapeutic Index

!  Lower Effective Dose

!  RECIST as the Method of
Choice for Cancer
Progression




