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Efforts to harness the immune system to treat cancer date back more than a century, Examples of anticancer therapeutics in both broad categories — such as the immune
but progress was slow for decades. However, the recent clinical success of several checkpoint inhibitor ipilimumab and the therapeutic vaccine sipuleucel-T — have
anticancer immunotherapies has provided a boost to the field. Approaches to induce recently received regulatory approval, and several other agents are in clinical trials

DRUG an antitumour immune response (see centre image) can be broadly subdivided into (see table). Such trials are faced with challenges such as selection of optimal methods
non-antigen-specific or antigen-specific categories. Non-antigen-specific strategies of evaluation, as those developed for typical anticancer chemotherapies may not be

include nonspecific immune stimulation and inhibition of ‘immune checkpoint’ well suited to immunotherapies. Nevertheless, recent encouraging clinical results, D d 2 = 4
D I SCOVE RY interactions, whereas antigen-specific strategies include adoptive cell transfer of as well as the unexpected finding of a positive interaction between immunotherapy en re On
autologous cancer-specific T cells and various therapeutic vaccination approaches. and chemotherapy, may herald a new era for anticancer immunotherapy. Targeting Cancer, Transforming Lives®
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cre o . ° N Examples of experimental and approved anticancer immunotherapies*
Adjuvants: Nonspecific immune stimulation Immune checkpoint blockade

Cytokines: ¢ TLR ligands : Antigen APC/tumour cell

¢ IFNa. ) ¢ CD40 ligand Nonspecific immune stimulation can be achieved with agents that stimulate immune A Several immune-inhibiting mechanisms that normally prevent MHC T T e

o|L-2 ¢ BCG effector cells such as T cells and APCs (for example, DCs), or inhibit and/or deplete ; collateral damage to tissues from an ongoing immune response can " . .
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TLR cytokines such as IL-2 and IFNa, which are both approved for the treatment of melanoma the interaction between a T cell and an APC or tumour cell, an?jsn?sgfé ce ase
CD40 and renal cell carcinoma. Durable complete remissions after IL-2 treatment of melanoma detailing receptor interactions that downmodulate the activation
patients have been observed in selected patients. However, given the need for prolonged of T cells that recognize antigen presented on MHC molecules. Othertumours — Phase Il
use and associated toxicity of these cytokines, they are not commonly used. Approaches p v activated and Blocking such immune checkpoints results in enhanced, nonspecific e limumelyiiizad - Cllbsablrdangentbordy  Wemene Hizse [l
that aim to provide full APC activation use adjuvants such as TLR ligands. The TLR7 inrlfii?{e}élacc'?l\_/:::coagnnizneon_ T cell activation and/or T cell survival. CTLA4-B7 interactions are Othertumours  Phase Il
agonist imiquimod is approved for the treatment of basal cell carcinoma. The adjuvant tumour-associated antigens important during the induction phase of the T cell response, MDX-1106 (Medarex/  PD1-blocking antibody Melanoma,RCC  Phasell
BCG has been approved as a standard therapy for local instillation in bladder cancer. and kill tumour cells whereas PD1-PDL1 interactions seem to have the most prominent o Fib s el snehEe e
Antibody-based approaches targeting the co-stimulatory receptor CD40 are in role during the effector phase of the T cell response. The CTLA4- CT-011 (CureTech) PD1-blocking antibody Melanomaand ~ Phasell
development. T, cells can be depleted by targeting the IL-2 receptor with the anti- g6 blocking antibody ipilimumab has recently been approved for :]a;g:;?llggnscal
CD25 (IL-2 receptor a-chain) antibody daclizumab, the recombinant IL-2—diphtheria = ]| treating patients with metastatic melanoma. Clinical trials that ; ) :
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IL-2 receptor toxin conjugate denileukin diftitox or low-dose treatment with the chemotherapeutic investigate antibodies targeting other immune checkpoint

cyclophosphamide. However, the lack of specificity of these approaches poses a b T Il molecules such as PD1 or PDL1 are underway. Inmune checkpoint- APl Fol et veiompreim el umens sl
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o0 © ﬁ Antibody significant challenge. Other cytotoxic chemotherapeutics and targeted anticancer drugs 3 tumour-associated blocking approaches are not patient-tailored, which makes them ClomoSmithKline)
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— \_ can have immune-stimulating effects by inducing immunogenic cell death, depleting antigens in MHC class | less laborious and potentially less costly than cellular vaccines or
\ \“— suppressive immune cells, disrupting inhibitory pathways or sensitizing tumour cells to ;

T cell-induced cell death. Novel innovative treatment schedules that fully exploit the
immunogenic properties of these drugs need to be further developed.

adoptive cell transfer. However, the lack of specificity of immune
activation means there is a risk of autoimmune side effects.

Cyclophosphamide

Adoptive transferwith  Polyclonal T cells against Melanoma
TILs multiple tumour-associated
antigens

Adoptive transferwith  Monoclonal T cells with Melanoma Phase |
TCR-transduced T cells  high-affinity TCR against

single tumour-associated

antigens

Autologous Genetically engineered
L=l =) =) =) =) =

CONCEE

N

Protein/ ‘d “7. Plasmid

peptide @ N\ e é(wé DNA
Virus @ =/

Suppressive cells in the
tumour microenvironment
inhibit immune activation

Vaccination strategies

Sipuleucel-T Autologous APC vaccine Prostate cancer ~ Approved
(Dendreon) loaded with prostate acid
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*References for approved drugs are included under further reading.
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Bavarian Nordic A/S is a vaccine-focused biotechnology company developing and Dendreon is a biotechnology company whose mission is to target cancer and transform APC, antigen-presenting cell; BCG, bacille Calmette-Guérin; CIN, cervical intraepithelial Dunne, A., Marshall, N. A. & Mills, K. H. Curr. Opin. Pharmacol. 11, 404—411 (2011). W. Joost Lesterhuis is at the Department of Medical Oncology, Radboud University
producing novel vaccines for the treatment and prevention of life-threatening diseases lives through the discovery, development, commercialization and manufacturing of novel neoplasia; CTL, cytotoxic T lymphocyte; CTLA4, cytotoxic T lymphocyte antigen 4; Figdor, C. G. et al. Nature Med. 10, 475-480 (2004). Nijmegen Medical Centre, PO. Box 9101, 6500HB Nijmegen, The Netherlands.
. . 9 _q . . . : o 6 G - o Ui . : i . : . . Jacobs, J. F et al. L t Oncol. 13, e32—e42 (2012). i i i i i
with a large unmet medical need. The company’s pipeline targets cancer and infectious therapeutics. The company applies its expertise in antigen identification, engineering and DC, dendritic cell; GM-CSF, granulocyte-macrophage colony-stimulating factor; acobs R e32-e42 ( ) Cornelis J. A. Punt is at the Department of Medical Oncology, Academic Medical Center,
. o o . q q q o q HNSCC. head and neck squamous cell carcinoma: HPV. human papilloma virus: Kantoff, P. W. et al. N. Engl. J. Med. 363, 411-422 (2010). University of Amsterdam, PO. Box 22660, 1100 DD Amsterdam, The Netherlands.
diseases, and includes ten development programs. The oncology pipeline is developed cell processing to produce active cellular immunotherapy (ACI) product candidates ' B P L : Lesterhuis, W, J., Haanen, J. B. & Punt, C. J. Nature Rev. Drug Discov. 10, 591-600 (2011). ’ : ’

IFNq, interferon-a; IL-2, interleukin-2; MAGE-3, melanoma-associated antigen 3;

through the subsidiary BN ImmunoTherapeutics, located in Mountain View, California. designed to stimulate an immune response in a variety of tumor types. Dendreon’s first Robert, C. et al. N. Engl. J. Med. 364, 2517-2526 (2011). . . . .
y . . . . . MDSC, myeloid-derived suppressor cell; NSCLC, non-small-cell lung cancer; : 5 Designed by Susie Lanni & Susanne Harris.
The company’s lead program is PROSTVAC®, a therapeutic vaccine candidate for product, PROVENGE® (sipuleucel-T), was approved by the U.S. Food and Drug . : o Rosenberg, S. A. Nature Rev. Clin. Oncol. 10, 577-585 (2011). : :
. ; . : o ) . ) . . e - PD1, programmed cell death protein 1; PDL1, PD1 ligand 1; PSA, prostate-specific antigen; Sharma, P. et al. Nature Rev. Cancer 11, 805-812 (2011). Edited by Alexandra Flemming.
tr-eatmen.t of ?dvanced prostate cancer that is t'he subject of an g pl-votal Phase 3 Administration (FF)A) in April 2010. Dendreon is exploring tITe application of addlt.lonal R, el sl eR e, el e niaa L, e =i i s hesics Topalian, S. L., Weiner, G. J. & Pardoll, D. M. Clin, Oncol. 29, 4828—4836 (2011). Copyedited by Mariam Farugi.
trial and is being developed under a collaboration agreement with the National Cancer ACI product candidates and small molecules for the potential treatment of a variety of TLR, Toll-like receptor; TNF, tumour necrosis factor; T,__ cell, regulatory T cell; van Seters, M. et al. N. Engl. J. Med. 358, 14651473 (2008). © 2012 Nature Publishing Group.

Institute. For more information, visit www.bavarian-nordic.com cancers. Visit us at www.dendreon.com VIN, vulvar intraepithelial neoplasia. Weber, J. et al. Clin. Cancer Res. 17, 1664—1673 (2011). http://www.nature.com/nrd/posters/cancerimmuno


http://www.bavarian-nordic.com

