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Malignant Pleural Mesothelioma

Sugarbaker, JTCVS, 1999

Survival

Epithelial (N = 67)
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Cancer Gene Therapy Strategies:

e EXvivo:
— Tumor vaccines
e |nsitu:

— Replacement of tumor suppressor genes (wtp53)
— “Suicide genes” (HSVtk, CDA)

— Oncolytic virotherapy

— Transfer of iImmunostimulatory genes



Adenoviral-Based Gene Therapy
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Herpes Simplex Virus Thymidine Kinase
(HSVtk) Suicide Gene Therapy

o Ganciclovir Mono/Triphosphate: Incorporate into
growing DNA & inhibit DNA Polymerase » cell death

* Induces “bystander” effects: toxic metabolite transfer
and cellular anti-tumor Immune responses



Ad. tk/IGCV:

In Vivo Models

—— Ad.RSVikK/+GCV
Combined Controls
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TK Gene Transfer and CT
Response: Patient 26
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Regressing Pleural Tumor Post
HSVTK Gene Transfer - Pt 29

03.10.03 - 61 mos post 24.11.05 - 86 mos post



Hypothesis:
Therapeutic efficacy of HSVtk/GCV due
to Induced anti-tumor Immune responses



IFN Gene
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Efficacy of Ad.INF-beta Gene Transfer In
Syngeneic Murine Model of Mesothelioma
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Ad.IFN Gene Transfer Schema:

“Inject Locally, Act Globally’

1) Insert tunneled pleural catheter and maximally drain fluid

2) Infuse adenoviral vector into pleural space

3) Sample pleural fluid (or pleural lavage) to assess gene transfer,
Immune response



Phase | Trials of Intrapleural Adenoviral-Mediated
Interferon Gene Transfer in Pleural Malignancy

Sterman, Recio, Haas, Gillespie, Moon, Schwed, Vachani, Friedberg and Albelda

Malignant Pleural Mesothelioma
. . OR
Prlmarv endeIHtSI Malignant Pleural Effusion

1)Safety and toxicity

2)Determination of MTD/MED
3)Document gene transfer

Gene Transfer two doses D1, D15

Secondary endpoints: Dose Escalation Schedule
. Dose level Dose of BG0O0001
1)Assess immune responses Mevel's 3x 10011 |
: eval 2= T T T T T T 1'X10°T2 ~ *
to repeat Ad.IFN dosing vl 3 3 % 1on19
2)Assess tumor responses level 4 1x 10713

with CT, PET, SMRP
Sterman, et al, Clin Can Res, 2007
Sterman, et al., Molecular Therapy, 2010
Sterman, et al. AJRCCM, 2011



Cancer Therapy: Clinical

A Phase I Clinical Trial of Single-Dose Intrapleural IFN-3 Gene Transfer
for Malignant Pleural Mesothelioma and Metastatic Pleural
Effusions: High Rate of Antitumor Immune Responses

Daniel H. Sterman,! Adri Recio,? Richard G. Carroll,2 Colin T. G\Hesple,1 Andrew Haas," Anil Vachani,'
Veena Kapoor‘,1J|ng Sun," Richard Hodinka,® Jennifer L. Brown,® Michael J. Corbley,® Michael Parr,®
Mitchell Ho,® Ira Pastan,® Michael Machuzak_,WW\H\am Benedict,” Xin-giao Zhamg.[

Elaina M. Lord,” Leslie A. L|tzky,2 Daniel F. Hemam,g"' Carl H. June,? Larry R. Kaiser,"

Robert H. Vonderheide, 2 and Steven M. Albelda’

Abstract Purpose:This phase 1dose escalation study evaluated the safety and feasibility of single-dose
intrapleural IFN-[> gene transfer using an adenoviral vector (Ad.IFN-f) in patients with malignant
pleural mesothelioma (MPM) and metastatic pleural effusions (MPE).

Experimental Design: Ad.IFN-p was administered through an indwelling pleural catheter in
doses ranging from 9 % 10™to 3 x 10" viral particles (vp) in two cohorts of patients with MPM
(7 patients) and MPE (3 patients). Subjects were evaluated for (a) toxicity, (b) gene transfer, (¢)
humoral, cellular, and cytokine-mediated immune responses, and (d) tumor responses via
18-fluorodeoxyglucose-positron emission tomography scans and chest computed tomography
scans.

Results: Intrapleural Ad.IFN-2 was generally well tolerated with transient lymphopenia as the
most common side effect. The maximally tolerated dose a ved was 9 x 10" vp secondary
to idiosyncratic dose-limiting toxicities (hypoxia and liver function abnormalities) in two patients
treated at 3 x 102 vp. The presence of the vector did not elicit a marked cellular infiltrate in
the pleural space. Intrapleural levels of cytokines were highly variable at baseline and after
response to gene transfer. Gene transfer was documented in 7 of the 10 patients by demonstra-
tion of IFN-p message or protein. Antitumor immune responses were elicited in 7 of the
10 patients and included the detection of cytotoxic T cells (1 patient), activation of circulating
natural killer cells (2 patients), and humoral responses to known (Simian virus 40 large T antigen
and mesothelin) and unknown tumor antigens (7 patients). Four of 10 patients showed meaning-
ful clinical responses defined as disease stability and/or regression on 18-fluorodeoxyglucose
positron emission tomography and computed tomography scans at day 60 after vector infusion.
Conclusions: Intrapleural instillation of Ad.IFN-p is a potentially useful approach for the gene-
ration of antitumor immune responses in MPM and MPE patients and should be investigated
further for overall cl
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Conclusions — Single-

Dose Trial

» Intrapleural Ad.IFN-3 well-
tolerated

» INF-[3 gene expression (< 7 days

» Evidence of anatomic and
metabolic tumor responses

» Detection of humoral and/or
cellular anti-tumor responses

» Correlation of serial biomarker
(e.g.. SMRP) levels with responses

Sterman, et al, Clin Can Res, 2007



Phase | Trial of Repeat Dose Ad.IFN-[ in
Malignant Mesothelioma

1st Dose INFbeta Levels: 2 dose Trial
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SCH721015: Replication-incompetent serotype 5 E1-deleted
Adenoviral vector bearing the human IFN-alpha 2 gene (rAd-IFN)

Major Late Transcription

E1aE1b
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Phase | Trial of Adenoviral IFN-Alpha
Intrapleural Gene Delivery

Peak IFN- Peak IFN- Peak serum Peak serum
Interval a2b (ng/ml) |a2b (ng/ml) |IFN-a2b IFN- a2b

Patient | Vector dose | between after 1st after 2nd (pg/ml) after | (pg/ml) after
no. (vp) doses dose dose 1st dose 2nd dose

301 1.00E+12 | 3 days 1906.79 715.71 4703.47 393.83

302 1.00E+12 203.43 * 7744 .52 |~

303 1.00E+12 | 3 days 150.82 147.79 3674.68 3942 .48

304 3.00E+11 | 3 days 11.09 3.42 245227 47.3

307 3.00E+11 | 3 days 11.65 2.63 3706.44 3445 .85

308 3.00E+11 | 3 days 11.92 11.97 72.73 71.75

309 3.00E+11 | 3 days 127.75 21.09, 524 22 4574

_/

Sterman, et al. AJRCCM, 2011




Pt 309 Post IFN-a Gene Rx PET/CT

Pre-therapy Post-therapy (2 months)  Post-therapy (6 months)
Sterman, et al. AJRCCM, 2011



Western Immunoblots Against Mesothelioma
Tumor Associated Antigens

Recombinant Human Osteopontin

0.25pg 0.5 pug 1.0 ug 2.0 ug

Pre/Post Ad.IFN-a2b Vector Instillation

301 Pre Serum < B51KD

301 Post Serum -~ 51KD



How To Improve Immunogene
Therapy Approaches?

* Define and modify a patient-specific
Immunosuppressive tumor microenvironment

 Treat earlier stage disease patients

e Combine with other therapies in multi-modality
approach

» Surgical debulking in advanced stage disease
preceded by immunogene therapy?

» Upfront chemotherapy to debulk and/or eliminate
lymphoid and myeloid suppressor cells?

» Add other immuno-modifying agents to the regimen?
(e.g. Cox-2 inhibitors, anti-TGF-beta Mab’s )




Chemoimmunotherapy: An Emerging Strategy

For The Treatment of Malignant Mesothelioma
M. J. McCoy, A. K. Nowak & R. A. Lake
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Interferon Gene Transfer in Combination With Chemotherapy
and COX-2 Inhibition in Syngeneic models Of Mesothelioma

A29: Cox2i+Ad.IFNa+Cis/Gem (3 mg/kg and 60 mg/kg)
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Preclinical data in immunocompetent animal models shows that the
combination of Ad.IFNf or Ad.IFNa with Gemcitabine (or Pemetrexed)
and COX-2 inhibition are synerqistic, in treating MPM




Schema of Phase lla Clinical Trial of
ImmunoGene/Chemo Combination

Pemetrexed/platin

X 4-6 cycles
Catheter Removal
f First Line*
D5 |
D-7/-14 D1 D4 D14 Endpoints:
A Safety, ORR,
e  PFS,0S
Second Line

Celecoxib 400 mg bid x 14 d

Gemcitabine +/- Carbo
Tunneled Pleural Catheter X 4-6 cycles

Insertion (Medical/Surgical)



Patient 406 Pre/Post IFN-Alpha Gene
Therapy and 4 Cycles of Pem/Cis

o0
Modified RECIST: Partial Response



Conclusions/Future Directions

« Immuno-gene/chemo combination therapy with rAd-IFN and
Celecoxib is safe and feasible; accrual nearly complete

* Immuno-gene/chemo combination therapy induces anti-tumor
immune effects and clinical responses in both front and 2" line

* Plan for Randomized Phase 11/111 trial of chemotherapy +/-
rAd-1FN/Celecoxib

e Initiating new clinical trial of Ad.HSVtk/Celecoxib /VCV and
Chemotherapy for MPM and Metastatic Breast/Lung

SR

oot




Support/Partnerships:

* Funded Since 1995 By:
» NIH M01 RR00040-36S7 (NIH CAP Award)
» NCI PO1CA 66726 (1995-present; 3 renewals)
» Edward J. Walton, Jr. Fund/Joseph Amento Fund
» Schulze Family Foundation
» Shein Family Foundation for Humanity

* Novel Agents for Clinical Trials Provided By:

» Biogen Idec, Inc.
» Schering-Plough/Merck/FKD Therapies



Multidisciplinary PENN Medicine
Mesothelioma and Pleural Program

Thoracic Surgery:
Joseph Friedberg, MD
Sunil Singhal, MD
Melissa Culligan, RN

Patient Navigator:
Karen Mudrick, BA

Thoracic Medical Oncology:

James Stevenson, MD
Evan Alley, MD, PhD
Corey Langer, MD

Anjana Ranganathan, MD
Suzanne Walker, CRNP
Mona Jacobs-Small, RN

Radiology:
Harvey Nisenbaum , MD
Sharyn Katz, MD

Radiation Oncology/PDT:

Stephen Hahn, MD
Keith Cengel, MD, PhD
Charles Simone, 11l MD, PhD

Surgical Oncology
Giorgos Karakousis, MD

Pulmonary/TORL :
Steven Albelda, MD
Anil Vachani, MD, MSCE
Andrew Haas, MD, PhD
Anthony Lanfranco, MD
Edmund Moon, MD
Steve Wang, PhD

Adri Recio, RN

Susan Metzger, RN

Pathology:
Leslie Litzky, MD

Anna Moran, MD
Bo Jian, MD

Psychiatry:
Ruth Steinman, MD

Translational Science:
Albelda, Cengel,
Friedberg, June, Kalos
Laboratories
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