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Malignant Pleural Mesothelioma 

• Localized to chest cavity 
• Accessible for Drug Delivery 
• Current Therapies Inadequate 
• Some Response to Immunotherapy 

Vogelzang, JCO, 2003 

Sugarbaker, JTCVS, 1999 



Cancer Gene Therapy Strategies: 
• Ex vivo: 

–  Tumor vaccines  
• In situ: 

– Replacement of tumor suppressor genes (wtp53) 
– “Suicide genes” (HSVtk, CDA) 
– Oncolytic virotherapy 
– Transfer of immunostimulatory genes 
– Chimeric Antigen Receptor (CAR) T Cell Delivery 

 



Adenoviral-Based Gene Therapy 



Herpes Simplex Virus Thymidine Kinase 
(HSVtk) Suicide Gene Therapy 

• 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/GCV: In Vivo Models 

Smythe, et al., 1993, 
Hwang, et al., 1994, 
Kucharczuk et al., 1995  



TK Gene Transfer and CT 
Response: Patient 26 

Pre-Rx 

2 mos 
Post Rx 

Sterman, et al., Human Gene Therapy, 1998 



Regressing Pleural Tumor Post 
HSVTK  Gene Transfer - Pt 29 

(Sterman, et al., Clin Cancer Res, 2005) 

17.08.98 Pre-Rx 21.05.99 - 8 mos post 03.11.00 - 26 mos post 

03.10.03 - 61 mos post 24.11.05 - 86 mos post 



1999-2003:  Clinical Trial “Hiatus” 

Hypothesis:    
Therapeutic efficacy of HSVtk/GCV due 
to induced anti-tumor immune responses 
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Efficacy of Ad.INF-beta Gene Transfer in 
Syngeneic Murine Model of Mesothelioma  
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Odaka, Sterman, et al. Cancer Res, 2001 



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 

* * 
* IFN-α 

CTLs 



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

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

Primary endpoints: 
1)Safety and toxicity 
2)Determination of MTD/MED 
3)Document gene transfer 
 
Secondary endpoints: 
1)Assess immune responses  
 to repeat Ad.IFN dosing 
2)Assess tumor responses 
 with CT, PET, SMRP 
 

Malignant Pleural Mesothelioma 
OR

Malignant Pleural Effusion

Pleural Catheter Placement

Leukapheresis

Gene Transfer  two doses D1, D15
Dose Escalation Schedule

Dose level Dose of BG00001
level 1 3 x 10^11
level 2 1 x 10^12
level 3 3 x 10^12
level 4 1 x 10^13

Sterman, et al, Clin Can Res, 2007 
Sterman, et al., Molecular Therapy, 2010 
Sterman, et al. AJRCCM, 2011  

 



Conclusions – Single-
Dose Trial: 

 Intrapleural Ad.IFN-β well-
tolerated 

 
 INF-β 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 I Trial of Repeat Dose Ad.IFN-β in 
Malignant Mesothelioma 

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) 

FKD Therapies Oy,  
Finland 



Phase I Trial of Adenoviral IFN-Alpha 
Intrapleural Gene Delivery 

Sterman, et al. AJRCCM, 2011 



Pt 309 Post IFN-α 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 

301 Pre Serum 

301 Post Serum 51 KD 

51 KD 

0.25μg          0.5 μg         1.0 μg        2.0 μg  

Recombinant Human Osteopontin 

Pre/Post Ad.IFN-α2b Vector Instillation  

Sterman, et al. AJRCCM, 2011  



How To Improve Immunogene 
Therapy Approaches? 

• Define and modify a patient-specific 
immunosuppressive tumor microenvironment 

• Treat earlier stage disease patients 
• 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 

Tissue Antigens 74, 2010 



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.IFNβ or Ad.IFNα with Gemcitabine (or Pemetrexed) 
and COX-2 inhibition are synergistic, in treating MPM 



Schema of Phase IIa Clinical Trial of 
ImmunoGene/Chemo Combination 

IPl Ad.IFNα 
3x 10e11 vp 

Celecoxib 400 mg bid x 14 d 

D-7/-14 D1 D4 

Pemetrexed/platin 
X 4-6 cycles 

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

Insertion (Medical/Surgical) 

D14 

Catheter Removal  

D5 
First Line* 

Second Line 

Endpoints: 
Safety, ORR, 
PFS, OS 

IPl Ad.IFNα 
3x 10e11 vp 

ClinicalTrials.gov identifier: NCT01119664 



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

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 2nd line 
 

• Plan for Randomized Phase II/III trial of chemotherapy +/- 
rAd-IFN/Celecoxib 
• Initiating new clinical trial of Ad.HSVtk/Celecoxib /VCV and 
Chemotherapy for MPM  and Metastatic Breast/Lung 



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, III 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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