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Presentation OverviewPresentation Overview

Rationale for vector tropism modificationRationale for vector tropism modification
Ad5Ad5--∆∆24RGD ovarian cancer 24RGD ovarian cancer preclinical preclinical 
datadata
Review Review preclinical preclinical safety study planssafety study plans
Review clinical trial designReview clinical trial design
Address issues raised by reviewersAddress issues raised by reviewers



What have we learned from initial gene What have we learned from initial gene 
therapy trials for ovarian cancer?therapy trials for ovarian cancer?

•• Although various vectors can be used, gene Although various vectors can be used, gene 
transfer remains limited transfer remains limited 

•• Various gene therapy approaches appear feasible Various gene therapy approaches appear feasible 
but are constrained by vector limitationsbut are constrained by vector limitations

•• Clinical trials have yet to identify appropriate Clinical trials have yet to identify appropriate 
dosages and schedulesdosages and schedules

•• Nonspecific toxicity continues to existNonspecific toxicity continues to exist
•• Correlative studies have not been optimizedCorrelative studies have not been optimized



Replicative oncolytic Replicative oncolytic viruses viruses 
((CRADsCRADs) for cancer gene therapy) for cancer gene therapy

CRAdCRAd replication replication 
inducesinduces oncolysisoncolysis
Tumor cell burst Tumor cell burst 
allowsallows CRAdCRAd
dispersion and dispersion and 
penetration of solid penetration of solid 
tumortumor
Potential treatment Potential treatment 
option foroption for metastaticmetastatic
diseasedisease



Ovarian cancer clinical trial Ovarian cancer clinical trial 
experience with ONYXexperience with ONYX--015015

•• Toxicities Toxicities –– fever, abdominal pain, N&V, diarrheafever, abdominal pain, N&V, diarrhea
•• DLT DLT –– 10101212 particles in bulky tumor, 10particles in bulky tumor, 101313 particles in particles in 

nonnon--bulky tumor (bulky tumor (given daily x 5 q3wk, range 1given daily x 5 q3wk, range 1--4 4 
cyclescycles))

•• Limited evidence of viral replication (7 of 25 cell free Limited evidence of viral replication (7 of 25 cell free 
peritoneal samples in 8 patients PCR positive)peritoneal samples in 8 patients PCR positive)

•• 6/13 patients with Nab6/13 patients with Nab
•• No clinical efficacy (0/16) when administered alone No clinical efficacy (0/16) when administered alone 

(one response when given in combination with (one response when given in combination with 
chemotherapy)chemotherapy)

Vasey et al
JCO, 2002



CRADsCRADs -- Biologic Determinants Biologic Determinants 
of  Efficacyof  Efficacy

Efficient tumor cell Efficient tumor cell 
infectioninfection
Tumor cell specific Tumor cell specific 
replicationreplication
Lateral dispersionLateral dispersion
Avoidance of immune Avoidance of immune 
recognitionrecognition



Biological Determinants of Biological Determinants of 
Adenovirus InfectivityAdenovirus Infectivity

Fiber Fiber 
knobknob

•• BindingBinding
CARCAR

•• InternalizationInternalization

NucleusNucleus



Vectorology:Vectorology:
Expansion of Ad/Expansion of Ad/CRAdCRAd TropismTropism

Goal:Goal:
CARCAR--independent gene independent gene 
transfer to overcome CAR transfer to overcome CAR 
deficiency of tumor cellsdeficiency of tumor cellsCARCAR

Normal cellNormal cell Tumor cellTumor cell



HIHI

HI HI 

HIHI

Expansion of Ad Tropism via Expansion of Ad Tropism via 
Genetic Capsid ModificationsGenetic Capsid Modifications

The HI loop of theThe HI loop of the
Ad5 fiber knob is Ad5 fiber knob is 
the site of choice the site of choice 
for incorporation for incorporation 
of  targeting ligandsof  targeting ligands



Expansion of Ad Tropism via Genetic Expansion of Ad Tropism via Genetic 
Incorporation of RGDIncorporation of RGD--4C Peptide into the 4C Peptide into the 

HI Loop of the Fiber KnobHI Loop of the Fiber Knob

Rationale:Rationale:
•• Small size Small size -- 9 amino acids 9 amino acids 
•• High affinity to integrins  High affinity to integrins  

which are overexpressed in which are overexpressed in 
various cancer cellsvarious cancer cells

•• Ability to target to cancer cells Ability to target to cancer cells 
in vivoin vivo
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Genetically Modified Vectors for Genetically Modified Vectors for 
Ovarian Cancer Gene TherapyOvarian Cancer Gene Therapy

Ad5 Ad5 luc luc RGDRGD
ControlsControls

SKOV3SKOV3

Ad5CMVluc Ad5lucRGD
1 pfu 1 pfu + Ad5 knob

10 pfu 10 pfu + Ad5 knobDmitriev Dmitriev et al. J et al. J VirVir, 1998, 1998

Assay Assay 
luciferase luciferase activityactivity
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Genetically Modified Vectors for Genetically Modified Vectors for 
Ovarian Cancer Gene TherapyOvarian Cancer Gene Therapy

Ad5 Ad5 luc luc RGDRGD
ControlsControls

1100 OVCAOVCA

Assay Assay 
luciferase luciferase activityactivity

+/+/-- Ad5 ABAd5 AB

Ad5CMVluc Ad5lucRGD
1 pfu 1 pfu + Ad5 knob

10 pfu 10 pfu + Ad5 knob

101077

101066

101055

101044

101033

Dmitriev Dmitriev et al. J et al. J VirVir, 1998, 1998
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Transfection Transfection of of Mesothelium Mesothelium with with 
RGD Modified AdenovirusesRGD Modified Adenoviruses

Ad5 Ad5 luc luc RGDRGD1100 OVCA,OVCA,
MesoMeso

Assay Assay 
luciferase luciferase activityactivity

VanderkwaakVanderkwaak et alet al
GynGyn OncOnc, 1999, 1999



Genetically Modified Vectors Circumvent Genetically Modified Vectors Circumvent 
Ascites Inhibition of Gene TransferAscites Inhibition of Gene Transfer

±± AscitesAscites

11°° OVCAOVCA AdAd--LucLuc
RGD Ad LucRGD Ad Luc

Blackwell et al, Human Gene Blackwell et al, Human Gene TherTher, 2000, 2000

Assess Assess luciferase luciferase 
expressionexpression

Ad5CMVLucAd5CMVLuc Ad5CMVLucAd5CMVLuc--RGDRGD
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Construction of AdConstruction of Ad∆∆24RGD24RGD

∆∆24 deletion24 deletion
919919--943943

Ad5 transcription mapAd5 transcription map
E1AE1A FiberFiber

100 100 mumu00

RGDRGD



Incubate in presence of BrdU
Southwestern blot with anti-BrdU antibody

A549 cells

Ad5-∆24 Ad5-∆24RGD

or

Infectivity Enhanced Infectivity Enhanced CRAdCRAd Shows Greater Shows Greater 
DNA Replication DNA Replication in vitroin vitro

Ad5-∆24RGD

Day
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2 4 6 8 2 4 6 8



Expansion of Ad Tropism Allows Enhanced Expansion of Ad Tropism Allows Enhanced 
in vitroin vitro Efficacy of CRADsEfficacy of CRADs

A549 cells

Ad5-∆24 Ad5-∆24RGD

or

Incubate 8 days
Crystal violet assay Initial inoculum: 0.01 viral particles per cells
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Expansion of Vector Tropism Allows Expansion of Vector Tropism Allows 
Enhanced Enhanced in Vivo in Vivo Efficacy of CRADsEfficacy of CRADs

PBS Ad5-∆24
Ad5-∆24RGD
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Evidence of AdEvidence of Ad∆∆24RGD 24RGD 
Replication in Ovarian CancerReplication in Ovarian Cancer

11oo OvCa OvCa 
AdAd∆∆24RGD 24RGD 
vsvs controlscontrols
00--10001000
particlesparticles

Assess E1 gene copy Assess E1 gene copy 
by by TaqManTaqMan PCR D1PCR D1--55

1.00E-06
1.00E-05
1.00E-04
1.00E-03
1.00E-02
1.00E-01
1.00E+00
1.00E+01
1.00E+02
1.00E+03
1.00E+04
1.00E+05
1.00E+06
1.00E+07

1 2 3 4 5
days post infection

E
1 

co
pi

es
/ 1

0e
5 

ce
lls

0 vp/cell 10 vp/cell 100 vp/cell 1000 vp/cell



Ad5Ad5--∆∆24RGD Causes 24RGD Causes Oncolysis Oncolysis in Ovarian in Ovarian 
Cancer Cell LinesCancer Cell Lines

oror oror

SKOV3.ip1 cellsSKOV3.ip1 cells

Incubate 10Incubate 10--17 days17 days

Assay for living cellsAssay for living cells
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Evidence of AdEvidence of Ad∆∆24RGD 24RGD OncolysisOncolysis
in Ovarian Cancerin Ovarian Cancer

Various Various 
OvCaOvCa

Cell lines Cell lines 

AdAd∆∆24RGD 24RGD 
vsvs controlscontrols
00--10 MOI10 MOI

Assess cellular viabilityAssess cellular viability
by crystal violet assayby crystal violet assay



In Vivo Efficacy of AdIn Vivo Efficacy of Ad∆∆24RGD24RGD

AdAd∆∆24RGD24RGD
Control D4Control D4--66
5x105x1088 VP/dVP/d

SKOV3.SKOV3.iplipl

Assess survivalAssess survival
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Quantifying Quantifying CRAdCRAd Mediated Mediated OncolysisOncolysis
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QuantifyingQuantifying CRAdCRAd Therapeutic EffectTherapeutic Effect

AdAd∆∆24RGD24RGD
CRAdsCRAds
ControlsControls
1x101x1088 VP VP 

SKOV3.SKOV3.iplipl

Assess survivalAssess survival

Lam et al, submittedLam et al, submitted

Survival of SCID Mice With Engrafted SKOV3.ip1 Treated With CRAd i.p.
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Survival of SCID Mice With Engrafted SKOV3.ip1 Treated With CRAd i.p.
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Summary of Summary of Preclinical Preclinical StudiesStudies

RGD modified adenoviruses infect ovarian cancer RGD modified adenoviruses infect ovarian cancer 
cells more efficiently than unmodified cells more efficiently than unmodified 
adenovirusesadenoviruses
Ad5Ad5--∆∆24RGD replicates and achieves 24RGD replicates and achieves oncolysisoncolysis in in 
established and primary ovarian cancer cells in established and primary ovarian cancer cells in 
vitrovitro
IP Ad5IP Ad5--∆∆24RGD achieves a survival benefit in in 24RGD achieves a survival benefit in in 
vivo models of ovarian cancervivo models of ovarian cancer



Planned Planned Preclinical Preclinical Safety Studies Safety Studies 
Relevant to Ovarian Cancer TrialRelevant to Ovarian Cancer Trial

In vitro infectivity studies In vitro infectivity studies 
BiodistributionBiodistribution study study –– IP/IV rodent modelIP/IV rodent model
Toxicology study Toxicology study –– IP rodent modelIP rodent model
Pharmacokinetic Pharmacokinetic study study –– IP/IV primate modelIP/IV primate model
Toxicology study Toxicology study –– IP primate modelIP primate model

Vectors to be tested Vectors to be tested -- Ad5Ad5--∆∆24RGD, Ad524RGD, Ad5--∆∆24, 24, 
wtAd5wtAd5--RGD, wtAd5RGD, wtAd5



Phase I Trial of IP Ad5Phase I Trial of IP Ad5--∆∆24RGD 24RGD 

Objectives:Objectives:

1.1. Determine MTD and toxicityDetermine MTD and toxicity

2.2. Determine biologic effectsDetermine biologic effects

3.3. Determine Determine immunologicimmunologic
effecteffect

AdAd∆∆24.RGD24.RGD



Phase I trial of IP Ad5Phase I trial of IP Ad5--∆∆24RGD24RGD

Eligibility:Eligibility:

1.1. Recurrent epithelial Recurrent epithelial ovca ovca 

2.2. Disease within abdominal Disease within abdominal 
cavitycavity

3.3. Adequate organ function, PSAdequate organ function, PS

AdAd∆∆24.RGD24.RGD



Phase I trial of IP Ad5Phase I trial of IP Ad5--∆∆24RGD24RGD

Treatment plan:Treatment plan:

1.1. Vector: Ad5Vector: Ad5-- ∆∆24RGD 24RGD 

2.2. Dose: 10Dose: 1088 –– 10101212 particlesparticles

3.3. Days/cycles: 3 days/1 cycleDays/cycles: 3 days/1 cycle

4.4. Route: IPRoute: IP

AdAd∆∆24.RGD24.RGD



Phase I trial of IP Ad5Phase I trial of IP Ad5--∆∆24RGD24RGD

Study Endpoints:Study Endpoints:

1.1. ToxicityToxicity

2.2. Clinical efficacyClinical efficacy

3.3. Molecular analysis of peritoneMolecular analysis of peritone
aspirates, tumor biopsiesaspirates, tumor biopsies

4.4. Evaluation of NabEvaluation of Nab

AdAd∆∆24.RGD24.RGD



Addressing Concerns of ReviewersAddressing Concerns of Reviewers

Demonstrated activity of Ad5Demonstrated activity of Ad5--∆∆24RGD in 24RGD in 
additional additional preclinical preclinical studiesstudies
Expansion of planned Expansion of planned preclinicalpreclinical safety safety 
studiesstudies
Plan for revisions to Informed Consent Plan for revisions to Informed Consent 
documentdocument
Address clinical trial design issuesAddress clinical trial design issues
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