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  Abstract
  Within the past decade, many oncolytic viruses (OVs) have been studied as potential treatments for pancreatic cancer and some of these are currently under clinical trials. The applicability of certain OVs, such as adenoviruses, herpesviruses and reoviruses, for the treatment of pancreatic cancer has been intensively studied for several years, whereas the applicability of other more recently investigated OVs, such as poxviruses and parvoviruses, is only starting to be determined. At the same time, studies have identified key characteristics of pancreatic cancer biology that provide a better understanding of the important factors or pathways involved in this disease. This review aims to summarise the different replication-competent OVs proposed as therapeutics for pancreatic cancer. It also focuses on the unique biology of these viruses that makes them exciting candidate virotherapies for pancreatic cancer and discusses how they could be genetically manipulated or combined with other drugs to improve their efficacy based on what is currently known about the molecular biology of pancreatic cancer.


 


   
    
	
Type

	Review Article


 	
Information

	Expert Reviews in Molecular Medicine
  
,
Volume 13
   , March 2011   , e18
 DOI: https://doi.org/10.1017/S1462399411001876
 [Opens in a new window]
 
  


   	
Copyright

	
Copyright © Cambridge University Press 2011




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
 
References

 
 

 


 
 
1

 1Jemal, A. et al. (2010) Cancer statistics, 2010. CA: A Cancer Journal for Clinicians 60, 277-300Google ScholarPubMed


 
 
2

 2Basturk, O., Coban, I. and Adsay, N.V. (2010) Biological classification and biological behavior of pancreatic neoplasia. In Pancreatic Cancer (Neoptolemos, J.P., Urrutia, R., Abbruzzese, J. and Buchler, M., eds), pp. 40-70. Springer Science and Business Media, New YorkGoogle Scholar


 
 
3

 3Rozenblum, E. et al. (1997) Tumor-suppressive pathways in pancreatic carcinoma. Cancer Research 57, 1731-1734Google ScholarPubMed


 
 
4

 4Almoguera, C. et al. (1988) Most human carcinomas of the exocrine pancreas contain mutant c-K-ras genes. Cell 53, 549-554CrossRefGoogle ScholarPubMed


 
 
5

 5Adjei, A.A. (2001) Blocking oncogenic Ras signaling for cancer therapy. Journal of the National Cancer Institute 93, 1062-1074CrossRefGoogle ScholarPubMed


 
 
6

 6Grippo, P.J. et al. (2003) Preinvasive pancreatic neoplasia of ductal phenotype induced by acinar cell targeting of mutant Kras in transgenic mice. Cancer Research 63, 2016-2019Google ScholarPubMed


 
 
7

 7Aguirre, A.J. et al. (2003) Activated Kras and Ink4a/Arf deficiency cooperate to produce metastatic pancreatic ductal adenocarcinoma. Genes and Development 17, 3112-3126CrossRefGoogle ScholarPubMed


 
 
8

 8Bardeesy, N. et al. (2006) Both p16(Ink4a) and the p19(Arf)-p53 pathway constrain progression of pancreatic adenocarcinoma in the mouse. Proceedings of the National Academy of Sciences of the United States of America 103, 5947-5952CrossRefGoogle ScholarPubMed


 
 
9

 9Jones, S. et al. (2008) Core signaling pathways in human pancreatic cancers revealed by global genomic analyses. Science 321, 1801-1806CrossRefGoogle ScholarPubMed


 
 
10

 10Chu, G.C. et al. (2007) Stromal biology of pancreatic cancer. Journal of Cellular Biochemistry 101, 887-907CrossRefGoogle ScholarPubMed


 
 
11

 11Olive, K.P. et al. (2009) Inhibition of Hedgehog signaling enhances delivery of chemotherapy in a mouse model of pancreatic cancer. Science 324, 1457-1461CrossRefGoogle Scholar


 
 
12

 12Shah, A.N. et al. (2007) Development and characterization of gemcitabine-resistant pancreatic tumor cells. Annals of the Surgical Oncology 14, 3629-3637CrossRefGoogle ScholarPubMed


 
 
13

 13Wang, Z. et al. (2009) Acquisition of epithelial-mesenchymal transition phenotype of gemcitabine-resistant pancreatic cancer cells is linked with activation of the notch signaling pathway. Cancer Research 69, 2400-2407CrossRefGoogle ScholarPubMed


 
 
14

 14Thiery, J.P. et al. (2009) Epithelial-mesenchymal transitions in development and disease. Cell 139, 871-890CrossRefGoogle ScholarPubMed


 
 
15

 15Joo, Y.E. et al. (2002) Expression of E-cadherin, alpha- and beta-catenins in patients with pancreatic adenocarcinoma. Pancreatology 2, 129-137CrossRefGoogle ScholarPubMed


 
 
16

 16Nakajima, S. et al. (2004) N-cadherin expression and epithelial-mesenchymal transition in pancreatic carcinoma. Clinical Cancer Research 10(12 Pt 1), 4125-4133CrossRefGoogle ScholarPubMed


 
 
17

 17Arumugam, T. et al. (2009) Epithelial to mesenchymal transition contributes to drug resistance in pancreatic cancer. Cancer Research 69, 5820-5828CrossRefGoogle ScholarPubMed


 
 
18

 18Burris, H.A. III, et al. (1997) Improvements in survival and clinical benefit with gemcitabine as first-line therapy for patients with advanced pancreas cancer: a randomized trial. Journal of Clinical Oncology 15, 2403-2413CrossRefGoogle ScholarPubMed


 
 
19

 19Hertel, L.W. et al. (1990) Evaluation of the antitumor activity of gemcitabine (2′,2′-difluoro-2′-deoxycytidine). Cancer Research 50, 4417-4422Google Scholar


 
 
20

 20Huang, P. et al. (1991) Action of 2′,2′-difluorodeoxycytidine on DNA synthesis. Cancer Research 51, 6110-6117Google ScholarPubMed


 
 
21

 21Colucci, G. et al. (2002) Gemcitabine alone or with cisplatin for the treatment of patients with locally advanced and/or metastatic pancreatic carcinoma: a prospective, randomized phase III study of the Gruppo Oncologia dell'Italia Meridionale. Cancer 94, 902-910CrossRefGoogle ScholarPubMed


 
 
22

 22Louvet, C. et al. (2005) Gemcitabine in combination with oxaliplatin compared with gemcitabine alone in locally advanced or metastatic pancreatic cancer: results of a GERCOR and GISCAD phase III trial. Journal of Clinical Oncology 23, 3509-3516CrossRefGoogle ScholarPubMed


 
 
23

 23Rocha Lima, C.M. et al. (2004) Irinotecan plus gemcitabine results in no survival advantage compared with gemcitabine monotherapy in patients with locally advanced or metastatic pancreatic cancer despite increased tumor response rate. Journal of Clinical Oncology 22, 3776-3783CrossRefGoogle ScholarPubMed


 
 
24

 24Kulke, M.H. et al. (2009) Randomized phase II study of gemcitabine administered at a fixed dose rate or in combination with cisplatin, docetaxel, or irinotecan in patients with metastatic pancreatic cancer: CALGB 89904. Journal of Clinical Oncology 27, 5506-5512CrossRefGoogle ScholarPubMed


 
 
25

 25Rocha-Lima, C.M. and Raez, L.E. (2009) Erlotinib (tarceva) for the treatment of non-small-cell lung cancer and pancreatic cancer. Pharmacy and Therapeutics 34, 554-564Google ScholarPubMed


 
 
26

 26Moore, M.J. et al. (2007) Erlotinib plus gemcitabine compared with gemcitabine alone in patients with advanced pancreatic cancer: a phase III trial of the National Cancer Institute of Canada Clinical Trials Group. Journal of Clinical Oncology 25, 1960-1966CrossRefGoogle ScholarPubMed


 
 
27

 27Conroy, T. et al. (2005) Irinotecan plus oxaliplatin and leucovorin-modulated fluorouracil in advanced pancreatic cancer – a Groupe Tumeurs Digestives of the Federation Nationale des Centres de Lutte Contre le Cancer study. Journal of Clinical Oncology 23, 1228-1236CrossRefGoogle ScholarPubMed


 
 
28

 28Kim, R. (2010) FOLFIRINOX: a new standard treatment for advanced pancreatic cancer? Lancet Oncology 12, 8-9CrossRefGoogle ScholarPubMed


 
 
29

 29Plentz, R.R., Manns, M.P. and Greten, T.F. (2010) Molecular therapy of pancreatic cancer. Minerva Endocrinologica 35, 27-33Google ScholarPubMed


 
 
30

 30Mackenzie, R.P. and McCollum, A.D. (2009) Novel agents for the treatment of adenocarcinoma of the pancreas. Expert Review of Anticancer Therapy 9, 1473-1485CrossRefGoogle ScholarPubMed


 
 
31

 31Davis, J.J. and Fang, B. (2005) Oncolytic virotherapy for cancer treatment: challenges and solutions. Journal of Gene Medicine 7, 1380-1389CrossRefGoogle ScholarPubMed


 
 
32

 32Vaha-Koskela, M.J., Heikkila, J.E. and Hinkkanen, A.E. (2007) Oncolytic viruses in cancer therapy. Cancer Letters 254, 178-216CrossRefGoogle ScholarPubMed


 
 
33

 33Bischoff, J.R. et al. (1996) An adenovirus mutant that replicates selectively in p53-deficient human tumor cells. Science 274, 373-376CrossRefGoogle ScholarPubMed


 
 
34

 34O'Shea, C.C. et al. (2004) Late viral RNA export, rather than p53 inactivation, determines ONYX-015 tumor selectivity. Cancer Cell 6, 611-623CrossRefGoogle ScholarPubMed


 
 
35

 35Heise, C. et al. (2000) An adenovirus E1A mutant that demonstrates potent and selective systemic anti-tumoral efficacy. Nature Medicine 6, 1134-1139CrossRefGoogle ScholarPubMed


 
 
36

 36Fueyo, J. et al. (2000) A mutant oncolytic adenovirus targeting the Rb pathway produces anti-glioma effect in vivo. Oncogene 19, 2-12CrossRefGoogle ScholarPubMed


 
 
37

 37Leitner, S. et al. (2009) Oncolytic adenoviral mutants with E1B19K gene deletions enhance gemcitabine-induced apoptosis in pancreatic carcinoma cells and anti-tumor efficacy in vivo. Clinical Cancer Research 15, 1730-1740CrossRefGoogle ScholarPubMed


 
 
38

 38Yoon, S.S. et al. (1998) Cancer gene therapy using a replication-competent herpes simplex virus type 1 vector. Annals of Surgery 228, 366-374CrossRefGoogle ScholarPubMed


 
 
39

 39Smith, K.D. et al. (2006) Activated MEK suppresses activation of PKR and enables efficient replication and in vivo oncolysis by Deltagamma(1)34.5 mutants of herpes simplex virus 1. Journal of Virology 80, 1110-1120CrossRefGoogle Scholar


 
 
40

 40Sarinella, F. et al. (2006) Oncolysis of pancreatic tumour cells by a gamma34.5-deleted HSV-1 does not rely upon Ras-activation, but on the PI 3-kinase pathway. Gene Therapy 13, 1080-1087CrossRefGoogle Scholar


 
 
41

 41Smith, C.C. et al. (2000) Ras-GAP binding and phosphorylation by herpes simplex virus type 2 RR1 PK (ICP10) and activation of the Ras/MEK/MAPK mitogenic pathway are required for timely onset of virus growth. Journal of Virology 74, 10417-10429CrossRefGoogle ScholarPubMed


 
 
42

 42Rommelaere, J. et al. (2010) Oncolytic parvoviruses as cancer therapeutics. Cytokine and Growth Factor Reviews 21, 185-195CrossRefGoogle ScholarPubMed


 
 
43

 43Dempe, S. et al. (2010) SMAD4: a predictive marker of PDAC cell permissiveness for oncolytic infection with parvovirus H-1PV. International Journal of Cancer 126, 2914-2927CrossRefGoogle ScholarPubMed


 
 
44

 44Riolobos, L. et al. (2010) Viral oncolysis that targets Raf-1 signaling control of nuclear transport. Journal of Virology 84, 2090-2099CrossRefGoogle ScholarPubMed


 
 
45

 45Strong, J.E. et al. (1998) The molecular basis of viral oncolysis: usurpation of the Ras signaling pathway by reovirus. EMBO Journal 17, 3351-3362CrossRefGoogle ScholarPubMed


 
 
46

 46Thorne, S.H., Hwang, T.H. and Kirn, D.H. (2005) Vaccinia virus and oncolytic virotherapy of cancer. Current Opinion in Molecular Therapeutics 7, 359-365Google ScholarPubMed


 
 
47

 47Kirn, D.H. and Thorne, S.H. (2009) Targeted and armed oncolytic poxviruses: a novel multi-mechanistic therapeutic class for cancer. Nature Reviews. Cancer 9, 64-71CrossRefGoogle ScholarPubMed


 
 
48

 48Wang, G. et al. (2006) Infection of human cancer cells with myxoma virus requires Akt activation via interaction with a viral ankyrin-repeat host range factor. Proceedings of the National Academy of Sciences of the United States of America 103, 4640-4645CrossRefGoogle ScholarPubMed


 
 
49

 49Kim, M. et al. (2010) The viral tropism of two distinct oncolytic viruses, reovirus and myxoma virus, is modulated by cellular tumor suppressor gene status. Oncogene 29, 3990-3996CrossRefGoogle ScholarPubMed


 
 
50

 50Galanis, E. (2010) Therapeutic potential of oncolytic measles virus: promises and challenges. Clinical Pharmacology and Therapeutics 88, 620-625CrossRefGoogle Scholar


 
 
51

 51Paraskevakou, G. et al. (2007) Epidermal growth factor receptor (EGFR)-retargeted measles virus strains effectively target EGFR- or EGFRvIII expressing gliomas. Molecular Therapy 15, 677-686CrossRefGoogle ScholarPubMed


 
 
52

 52Kinoh, H. et al. (2009) Generation of optimized and urokinase-targeted oncolytic Sendai virus vectors applicable for various human malignancies. Gene Therapy 16, 392-403CrossRefGoogle ScholarPubMed


 
 
53

 53Spencer, J.F. et al. (2009) New pancreatic carcinoma model for studying oncolytic adenoviruses in the permissive Syrian hamster. Cancer Gene Therapy 16, 912-922CrossRefGoogle ScholarPubMed


 
 
54

 54O'Shea, C.C. et al. (2005) Heat shock phenocopies E1B-55K late functions and selectively sensitizes refractory tumor cells to ONYX-015 oncolytic viral therapy. Cancer Cell 8, 61-74CrossRefGoogle ScholarPubMed


 
 
55

 55Heise, C. et al. (1997) ONYX-015, an E1B gene-attenuated adenovirus, causes tumor-specific cytolysis and antitumoral efficacy that can be augmented by standard chemotherapeutic agents. Nature Medicine 3, 639-645CrossRefGoogle ScholarPubMed


 
 
56

 56Mymryk, J.S. (1996) Tumour suppressive properties of the adenovirus 5 E1A oncogene. Oncogene 13, 1581-1589Google ScholarPubMed


 
 
57

 57Oberg, D. et al. (2010) Improved potency and selectivity of an oncolytic E1ACR2 and E1B19K deleted adenoviral mutant in prostate and pancreatic cancers. Clinical Cancer Research 16, 541-553CrossRefGoogle ScholarPubMed


 
 
58

 58Kamphaus, G.D. et al. (2000) Canstatin, a novel matrix-derived inhibitor of angiogenesis and tumor growth. Journal of Biological Chemistry 275, 1209-1215CrossRefGoogle ScholarPubMed


 
 
59

 59Delesque, N. et al. (1997) sst2 somatostatin receptor expression reverses tumorigenicity of human pancreatic cancer cells. Cancer Research 57, 956-962Google ScholarPubMed


 
 
60

 60Zhang, Z. et al. (2009) Reexpression of human somatostatin receptor gene 2 gene mediated by oncolytic adenovirus increases antitumor activity of tumor necrosis factor-related apoptosis-inducing ligand against pancreatic cancer. Clinical Cancer Research 15, 5154-5160CrossRefGoogle ScholarPubMed


 
 
61

 61Freytag, S.O. et al. (2007) Replication-competent adenovirus-mediated suicide gene therapy with radiation in a preclinical model of pancreatic cancer. Molecular Therapy 15, 1600-1606CrossRefGoogle Scholar


 
 
62

 62Ramirez, P.J. et al. (2008) Optimization of conditionally replicative adenovirus for pancreatic cancer and its evaluation in an orthotopic murine xenograft model. American Journal of Surgery 195, 481-490CrossRefGoogle Scholar


 
 
63

 63Wang, H. et al. (2011) Desmoglein 2 is a receptor for adenovirus serotypes 3, 7, 11 and 14. Nature Medicine 17, 96-104CrossRefGoogle Scholar


 
 
64

 64Nishimoto, T. et al. (2009) Oncolytic virus therapy for pancreatic cancer using the adenovirus library displaying random peptides on the fiber knob. Gene Therapy 16, 669-680CrossRefGoogle ScholarPubMed


 
 
65

 65Nelson, A.R. et al. (2009) Combination of conditionally replicative adenovirus and standard chemotherapies shows synergistic antitumor effect in pancreatic cancer. Cancer Science 100, 2181-2187CrossRefGoogle ScholarPubMed


 
 
66

 66Huch, M. et al. (2009) Urokinase-type plasminogen activator receptor transcriptionally controlled adenoviruses eradicate pancreatic tumors and liver metastasis in mouse models. Neoplasia 11, 518-528, 4 p following 28CrossRefGoogle ScholarPubMed


 
 
67

 67Onimaru, M. et al. (2010) hTERT-promoter-dependent oncolytic adenovirus enhances the transduction and therapeutic efficacy of replication-defective adenovirus vectors in pancreatic cancer cells. Cancer Science 101, 735-742CrossRefGoogle ScholarPubMed


 
 
68

 68Bortolanza, S. et al. (2009) Treatment of pancreatic cancer with an oncolytic adenovirus expressing interleukin-12 in Syrian hamsters. Molecular Therapy 17, 614-622CrossRefGoogle ScholarPubMed


 
 
69

 69Molina, M.A. et al. (1999) Increased cyclooxygenase-2 expression in human pancreatic carcinomas and cell lines: growth inhibition by nonsteroidal anti-inflammatory drugs. Cancer Research 59, 4356-4362Google ScholarPubMed


 
 
70

 70Mihaljevic, A.L. et al. (2010) Molecular mechanism of pancreatic cancer – -understanding proliferation, invasion, and metastasis. Langenbecks Arch Surg 395, 295-308CrossRefGoogle ScholarPubMed


 
 
71

 71Onimaru, M. et al. (2010) Combination with low-dose gemcitabine and hTERT-promoter-dependent conditionally replicative adenovirus enhances cytotoxicity through their crosstalk mechanisms in pancreatic cancer. Cancer Letters 294, 178-186CrossRefGoogle ScholarPubMed


 
 
72

 72He, B., Gross, M. and Roizman, B. (1997) The gamma(1)34.5 protein of herpes simplex virus 1 complexes with protein phosphatase 1alpha to dephosphorylate the alpha subunit of the eukaryotic translation initiation factor 2 and preclude the shutoff of protein synthesis by double-stranded RNA-activated protein kinase. Proceedings of the National Academy of Sciences of the United States of America 94, 843-848CrossRefGoogle ScholarPubMed


 
 
73

 73Mundschau, L.J. and Faller, D.V. (1994) Endogenous inhibitors of the dsRNA-dependent eIF-2 alpha protein kinase PKR in normal and ras-transformed cells. Biochimie 76, 792-800CrossRefGoogle ScholarPubMed


 
 
74

 74Mineta, T. et al. (1995) Attenuated multi-mutated herpes simplex virus-1 for the treatment of malignant gliomas. Nature Medicine 1, 938-943CrossRefGoogle ScholarPubMed


 
 
75

 75Meignier, B., Longnecker, R. and Roizman, B. (1988) In vivo behavior of genetically engineered herpes simplex viruses R7017 and R7020: construction and evaluation in rodents. Journal of Infectious Diseases 158, 602-614CrossRefGoogle ScholarPubMed


 
 
76

 76Varghese, S. and Rabkin, S.D. (2002) Oncolytic herpes simplex virus vectors for cancer virotherapy. Cancer Gene Therapy 9, 967-978CrossRefGoogle ScholarPubMed


 
 
77

 77Liu, B.L. et al. (2003) ICP34.5 deleted herpes simplex virus with enhanced oncolytic, immune stimulating, and anti-tumour properties. Gene Therapy 10, 292-303CrossRefGoogle ScholarPubMed


 
 
78

 78Kimata, H. et al. (2003) Effective treatment of disseminated peritoneal colon cancer with new replication-competent herpes simplex viruses. Hepatogastroenterology 50, 961-966Google ScholarPubMed


 
 
79

 79Kasuya, H. et al. (2007) Suitability of a US3-inactivated HSV mutant (L1BR1) as an oncolytic virus for pancreatic cancer therapy. Cancer Gene Therapy 14, 533-542CrossRefGoogle ScholarPubMed


 
 
80

 80Fu, X. et al. (2006) Effective treatment of pancreatic cancer xenografts with a conditionally replicating virus derived from type 2 herpes simplex virus. Clinical Cancer Research 12, 3152-3157CrossRefGoogle ScholarPubMed


 
 
81

 81Kasuya, H. et al. (1999) Intraperitoneal delivery of hrR3 and ganciclovir prolongs survival in mice with disseminated pancreatic cancer. Journal of Surgical Oncology 72, 136-1413.0.CO;2-3>CrossRefGoogle ScholarPubMed


 
 
82

 82Watanabe, I. et al. (2008) Effects of tumor selective replication-competent herpes viruses in combination with gemcitabine on pancreatic cancer. Cancer Chemotherapy and Pharmacology 61, 875-882CrossRefGoogle ScholarPubMed


 
 
83

 83McAuliffe, P.F. et al. (2000) Effective treatment of pancreatic tumors with two multimutated herpes simplex oncolytic viruses. Journal of Gastrointestinal Surgery 4, 580-588CrossRefGoogle ScholarPubMed


 
 
84

 84Gil, Z. et al. (2007) Nerve-sparing therapy with oncolytic herpes virus for cancers with neural invasion. Clinical Cancer Research 13, 6479-6485CrossRefGoogle ScholarPubMed


 
 
85

 85Simpson, G.R. et al. (2006) Combination of a fusogenic glycoprotein, prodrug activation, and oncolytic herpes simplex virus for enhanced local tumor control. Cancer Research 66, 4835-4842CrossRefGoogle ScholarPubMed


 
 
86

 86Shaughnessy, E. et al. (1996) Parvoviral vectors for the gene therapy of cancer. Seminars in Oncology 23, 159-171Google ScholarPubMed


 
 
87

 87Angelova, A.L. et al. (2009) Improvement of gemcitabine-based therapy of pancreatic carcinoma by means of oncolytic parvovirus H-1PV. Clinical Cancer Research 15, 511-519CrossRefGoogle ScholarPubMed


 
 
88

 88Bhat, R. et al. (2011) Enhancement of NK cell anti-tumour responses using an oncolytic parvovirus. International Journal of Cancer 128, 908-919CrossRefGoogle Scholar


 
 
89

 89Grekova, S. et al. (2010) Immune cells participate in the oncosuppressive activity of parvovirus H-1PV and are activated as a result of their abortive infection with this agent. Cancer Biology and Therapy 10, 52-61CrossRefGoogle ScholarPubMed


 
 
90

 90Etoh, T. et al. (2003) Oncolytic viral therapy for human pancreatic cancer cells by reovirus. Clinical Cancer Research 9, 1218-1223Google ScholarPubMed


 
 
91

 91Himeno, Y. et al. (2005) Efficacy of oncolytic reovirus against liver metastasis from pancreatic cancer in immunocompetent models. International Journal of Oncology 27, 901-906Google ScholarPubMed


 
 
92

 92Hirano, S. et al. (2009) Reovirus inhibits the peritoneal dissemination of pancreatic cancer cells in an immunocompetent animal model. Oncology Reports 21, 1381-1384CrossRefGoogle Scholar


 
 
93

 93Evgin, L. et al. (2010) Potent oncolytic activity of raccoonpox virus in the absence of natural pathogenicity. Molecular Therapy 18, 896-902CrossRefGoogle ScholarPubMed


 
 
94

 94Kaufman, H.L. et al. (2007) Poxvirus-based vaccine therapy for patients with advanced pancreatic cancer. Journal of Translational Medicine 5, 60CrossRefGoogle ScholarPubMed


 
 
95

 95Petrulio, C.A. and Kaufman, H.L. (2006) Development of the PANVAC-VF vaccine for pancreatic cancer. Expert Reviews of Vaccines 5, 9-19CrossRefGoogle ScholarPubMed


 
 
96

 96Kantor, J. et al. (1992) Antitumor activity and immune responses induced by a recombinant carcinoembryonic antigen-vaccinia virus vaccine. Journal of the National Cancer Institute 84, 1084-1091CrossRefGoogle ScholarPubMed


 
 
97

 97Yu, Y.A. et al. (2009) Regression of human pancreatic tumor xenografts in mice after a single systemic injection of recombinant vaccinia virus GLV-1h68. Molecular Cancer Therapeutics 8, 141-151CrossRefGoogle ScholarPubMed


 
 
98

 98Hiley, C.T. et al. (2010) Lister strain vaccinia virus, a potential therapeutic vector targeting hypoxic tumours. Gene Therapy 17, 281-287CrossRefGoogle ScholarPubMed


 
 
99

 99Tysome, J.R. et al. (2009) Lister strain of vaccinia virus armed with endostatin-angiostatin fusion gene as a novel therapeutic agent for human pancreatic cancer. Gene Therapy 16, 1223-1233CrossRefGoogle ScholarPubMed


 
 
100

 100Sypula, J. et al. (2004) Myxoma virus tropism in human tumor cells. Gene Therapy and Molecular Biology 8, 103-114Google Scholar


 
 
101

 101Lun, X.Q. et al. (2007) Targeting human medulloblastoma: oncolytic virotherapy with myxoma virus is enhanced by rapamycin. Cancer Research 67, 8818-8827CrossRefGoogle ScholarPubMed


 
 
102

 102Stanford, M.M. et al. (2008) Myxoma virus oncolysis of primary and metastatic B16F10 mouse tumors in vivo. Molecular Therapy 16, 52-59CrossRefGoogle ScholarPubMed


 
 
103

 103Wu, Y. et al. (2008) Oncolytic efficacy of recombinant vesicular stomatitis virus and myxoma virus in experimental models of rhabdoid tumors. Clinical Cancer Research 14, 1218-1227CrossRefGoogle ScholarPubMed


 
 
104

 104Lun, X. et al. (2005) Myxoma virus is a novel oncolytic virus with significant antitumor activity against experimental human gliomas. Cancer Research 65, 9982-9990CrossRefGoogle ScholarPubMed


 
 
105

 105Woo, Y. et al. (2008) Myxoma virus is oncolytic for human pancreatic adenocarcinoma cells. Annals of the Surgical Oncology 15, 2329-2335CrossRefGoogle ScholarPubMed


 
 
106

 106Radecke, F. et al. (1995) Rescue of measles viruses from cloned DNA. EMBO Journal 14, 5773-5784CrossRefGoogle ScholarPubMed


 
 
107

 107Carlson, S.K. et al. (2009) Quantitative molecular imaging of viral therapy for pancreatic cancer using an engineered measles virus expressing the sodium-iodide symporter reporter gene. AJR. American Journal of Roentgenology 192, 279-287CrossRefGoogle ScholarPubMed


 
 
108

 108Yu, W. and Fang, H. (2007) Clinical trials with oncolytic adenovirus in China. Current Cancer Drug Targets 7, 141-148CrossRefGoogle ScholarPubMed


 
 
109

 109Mulvihill, S. et al. (2001) Safety and feasibility of injection with an E1B-55 kDa gene-deleted, replication-selective adenovirus (ONYX-015) into primary carcinomas of the pancreas: a phase I trial. Gene Therapy 8, 308-315CrossRefGoogle ScholarPubMed


 
 
110

 110Hecht, J.R. et al. (2003) A phase I/II trial of intratumoral endoscopic ultrasound injection of ONYX-015 with intravenous gemcitabine in unresectable pancreatic carcinoma. Clinical Cancer Research 9, 555-561Google ScholarPubMed


 
 
111

 111Nakao, A. et al. (2011) A phase I dose-escalation clinical trial of intraoperative direct intratumoral injection of HF10 oncolytic virus in non-resectable patients with advanced pancreatic cancer. Cancer Gene Therapy 18, 167-175CrossRefGoogle ScholarPubMed


 
 
112

 112Forsyth, P. et al. (2008) A phase I trial of intratumoral administration of reovirus in patients with histologically confirmed recurrent malignant gliomas. Molecular Therapy 16, 627-632CrossRefGoogle ScholarPubMed


 
 
113

 113Vidal, L. et al. (2008) A phase I study of intravenous oncolytic reovirus type 3 Dearing in patients with advanced cancer. Clinical Cancer Research 14, 7127-7137CrossRefGoogle ScholarPubMed


 
 
114

 114White, C.L. et al. (2008) Characterization of the adaptive and innate immune response to intravenous oncolytic reovirus (Dearing type 3) during a phase I clinical trial. Gene Therapy 15, 911-920CrossRefGoogle ScholarPubMed


 
 
115

 115Harrington, K.J. et al. (2010) Clinical trials with oncolytic reovirus: moving beyond phase I into combinations with standard therapeutics. Cytokine and Growth Factor Reviews 21, 91-98CrossRefGoogle ScholarPubMed


 
 
116

 116Worschech, A. et al. (2009) The immunologic aspects of poxvirus oncolytic therapy. Cancer Immunology and Immunotherapy 58, 1355-1362CrossRefGoogle ScholarPubMed


 
 
117

 117Boisgerault, N., Tangy, F. and Gregoire, M. (2010) New perspectives in cancer virotherapy: bringing the immune system into play. Immunotherapy 2, 185-199CrossRefGoogle ScholarPubMed



Further reading, resources and contacts

 
 

 


 
 

 Ottolino-Perry, K. et al. (2009). Intelligent design: combination therapy with oncolytic viruses. Molecular Therapy 18, 251-263CrossRefGoogle ScholarPubMed


 
 

 Power, A.T. and Bell, J.C. (2008) Taming the Trojan horse: optimizing dynamic carrier cell/oncolytic virus systems for cancer biotherapy. Gene Therapy 15, 772-779CrossRefGoogle ScholarPubMed


 
 

 Cattaneo, R. et al. (2008) Reprogrammed viruses as cancer therapeutics: targeted, armed and shielded. Nature Reviews. Microbiology 6, 529-540CrossRefGoogle ScholarPubMed


 
 

 Liu, T.C., Galanis, E. and Kirn, D. (2007) Clinical trial results with oncolytic virotherapy: a century of promise, a decade of progress. Nature Clinical Practice. Oncology 4, 101-117CrossRefGoogle ScholarPubMed




 

           



 
  	22
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
22




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Hiss, Donavon C
and
Fielding, Burtram C
2012.
Optimization and preclinical design of genetically engineered viruses for human oncolytic therapy.
Expert Opinion on Biological Therapy,
Vol. 12,
Issue. 11,
p.
1427.


	CrossRef
	Google Scholar






Yakimovich, Artur
Gumpert, Heidi
Burckhardt, Christoph J.
Lütschg, Verena A.
Jurgeit, Andreas
Sbalzarini, Ivo F.
and
Greber, Urs F.
2012.
Cell-Free Transmission of Human Adenovirus by Passive Mass Transfer in Cell Culture Simulated in a Computer Model.
Journal of Virology,
Vol. 86,
Issue. 18,
p.
10123.


	CrossRef
	Google Scholar






Werner, Jens
Combs, Stephanie E.
Springfeld, Christoph
Hartwig, Werner
Hackert, Thilo
and
Büchler, Markus W.
2013.
Advanced-stage pancreatic cancer: therapy options.
Nature Reviews Clinical Oncology,
Vol. 10,
Issue. 6,
p.
323.


	CrossRef
	Google Scholar






Reetz, Julia
Herchenröder, Ottmar
Schmidt, Anke
and
Pützer, Brigitte M.
2013.
Regenerative Medicine.
p.
475.


	CrossRef
	Google Scholar






Zemp, Franz J.
McKenzie, Brienne A.
Lun, Xueqing
Maxwell, Lori
Reilly, Karlyne M.
McFadden, Grant
Yong, V. Wee
Forsyth, Peter A.
and
Ulasov, Ilya
2013.
Resistance to Oncolytic Myxoma Virus Therapy in Nf1−/−/Trp53−/− Syngeneic Mouse Glioma Models Is Independent of Anti-Viral Type-I Interferon.
PLoS ONE,
Vol. 8,
Issue. 6,
p.
e65801.


	CrossRef
	Google Scholar






Cerullo, Vincenzo
Guse, Kilian
Vähä‐Koskela, Markus
and
Hemminki, Akseli
2014.
Cancer Gene Therapy by Viral and Non‐viral Vectors.
p.
1.


	CrossRef
	Google Scholar






Kasloff, Samantha B.
Pizzuto, Matteo S.
Silic-Benussi, Micol
Pavone, Silvia
Ciminale, Vincenzo
Capua, Ilaria
and
Beemon, K. L.
2014.
Oncolytic Activity of Avian Influenza Virus in Human Pancreatic Ductal Adenocarcinoma Cell Lines.
Journal of Virology,
Vol. 88,
Issue. 16,
p.
9321.


	CrossRef
	Google Scholar






Angelova, Assia L.
Grekova, Svitlana P.
Heller, Anette
Kuhlmann, Olga
Soyka, Esther
Giese, Thomas
Aprahamian, Marc
Bour, Gaétan
Rüffer, Sven
Cziepluch, Celina
Daeffler, Laurent
Rommelaere, Jean
Werner, Jens
Raykov, Zahari
Giese, Nathalia A.
and
McFadden, G.
2014.
Complementary Induction of Immunogenic Cell Death by Oncolytic Parvovirus H-1PV and Gemcitabine in Pancreatic Cancer.
Journal of Virology,
Vol. 88,
Issue. 10,
p.
5263.


	CrossRef
	Google Scholar






Singh, Hans Martin
Ungerechts, Guy
and
Tsimberidou, Apostolia M
2015.
Gene and cell therapy for pancreatic cancer.
Expert Opinion on Biological Therapy,
Vol. 15,
Issue. 4,
p.
505.


	CrossRef
	Google Scholar






D’Haese, J.G.
Heinemann, V.
Belka, C.
and
Werner, J.
2015.
Aktuelle Therapiekonzepte für primär resektable und lokal fortgeschrittene Pankreaskarzinome.
Der Onkologe,
Vol. 21,
Issue. 11,
p.
1032.


	CrossRef
	Google Scholar






Maliandi, Maria Victoria
Mato-Berciano, Ana
Sobrevals, Luciano
Roué, Gaël
José, Anabel
and
Fillat, Cristina
2015.
AduPARE1A and gemcitabine combined treatment trigger synergistic antitumor effects in pancreatic cancer through NF-κB mediated uPAR activation.
Molecular Cancer,
Vol. 14,
Issue. 1,


	CrossRef
	Google Scholar






Gayral, Marion
Lulka, Hubert
Hanoun, Naima
Biollay, Coline
Sèlves, Janick
Vignolle-Vidoni, Alix
Berthommé, Hervé
Trempat, Pascal
Epstein, Alberto L.
Buscail, Louis
Béjot, Jean-Luc
and
Cordelier, Pierre
2015.
Targeted Oncolytic Herpes Simplex Virus Type 1 Eradicates Experimental Pancreatic Tumors.
Human Gene Therapy,
Vol. 26,
Issue. 2,
p.
104.


	CrossRef
	Google Scholar






Pizzuto, Matteo Samuele
Silic-Benussi, Micol
Ciminale, Vincenzo
Elderfield, Ruth A.
Capua, Ilaria
and
Barclay, Wendy S.
2016.
An engineered avian-origin influenza A virus for pancreatic ductal adenocarcinoma virotherapy.
Journal of General Virology
,
Vol. 97,
Issue. 9,
p.
2166.


	CrossRef
	Google Scholar






Vassaux, Georges
Angelova, Assia
Baril, Patrick
Midoux, Patrick
Rommelaere, Jean
and
Cordelier, Pierre
2016.
The Promise of Gene Therapy for Pancreatic Cancer.
Human Gene Therapy,
Vol. 27,
Issue. 2,
p.
127.


	CrossRef
	Google Scholar






Ibrahim, Andrea Marie
2016.
Viro-immune therapy: A new strategy for treatment of pancreatic cancer.
World Journal of Gastroenterology,
Vol. 22,
Issue. 2,
p.
748.


	CrossRef
	Google Scholar






Hastie, Eric
Cataldi, Marcela
Moerdyk-Schauwecker, Megan J.
Felt, Sébastien A.
Steuerwald, Nury
and
Grdzelishvili, Valery Z.
2016.
Novel biomarkers of resistance of pancreatic cancer cells to oncolytic vesicular stomatitis virus.
Oncotarget,
Vol. 7,
Issue. 38,
p.
61601.


	CrossRef
	Google Scholar






Felt, Sébastien A.
Droby, Gaith N.
Grdzelishvili, Valery Z.
and
Lyles, Douglas S.
2017.
Ruxolitinib and Polycation Combination Treatment Overcomes Multiple Mechanisms of Resistance of Pancreatic Cancer Cells to Oncolytic Vesicular Stomatitis Virus.
Journal of Virology,
Vol. 91,
Issue. 16,


	CrossRef
	Google Scholar






Rouanet, Marie
Lebrin, Marine
Gross, Fabian
Bournet, Barbara
Cordelier, Pierre
and
Buscail, Louis
2017.
Gene Therapy for Pancreatic Cancer: Specificity, Issues and Hopes.
International Journal of Molecular Sciences,
Vol. 18,
Issue. 6,
p.
1231.


	CrossRef
	Google Scholar






Struzik, Justyna
and
Szulc-Dąbrowska, Lidia
2018.
NF-κB Signaling in Targeting Tumor Cells by Oncolytic Viruses—Therapeutic Perspectives.
Cancers,
Vol. 10,
Issue. 11,
p.
426.


	CrossRef
	Google Scholar






May, Verena
Berchtold, Susanne
Berger, Alexander
Venturelli, Sascha
Burkard, Markus
Leischner, Christian
Malek, Nisar
and
Lauer, Ulrich
2019.
Chemovirotherapy for pancreatic cancer: Gemcitabine plus oncolytic measles vaccine virus.
Oncology Letters,


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Oncolytic virotherapy for pancreatic cancer








	Volume 13
	
Sonia Wennier (a1), Shoudong Li (a1) and Grant McFadden (a1)

	DOI: https://doi.org/10.1017/S1462399411001876





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Oncolytic virotherapy for pancreatic cancer








	Volume 13
	
Sonia Wennier (a1), Shoudong Li (a1) and Grant McFadden (a1)

	DOI: https://doi.org/10.1017/S1462399411001876





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Oncolytic virotherapy for pancreatic cancer








	Volume 13
	
Sonia Wennier (a1), Shoudong Li (a1) and Grant McFadden (a1)

	DOI: https://doi.org/10.1017/S1462399411001876





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















