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SUMMARY Cancer continues to be a devastating diagnosis. Fortunately, active research has
developed and refined two cancer therapies: oncolytic virotherapy and the novel chimeric
antigen receptor (CAR) T-cell therapy. The former utilizes oncolytic viruses (OVs) that
preferentially infect and kill cancer cells over healthy, non-cancerous tissues. The latter
isolates the patient’s T-cells, uses a disarmed virus to insert genes expressing genetically
engineered receptors, known as chimeric antigen receptors, which target tumor-associated
antigens on malignant cells. Despite several clinical successes with both therapies, limitations
exist which prevent their medicinal potentials from being achieved. Oncolytic viruses are
often completely sequestered or neutralized due to human physiology and pre-existing
adaptive immunity. CAR T-cells seldom enter solid tumors due to an insufficient number of
chemokines secreted by the tumor, or because tumor-associated antigens are rarely released.
Even if entry occurs, the tumor microenvironment is often in an immunosuppressed state that
greatly diminishes T-cells from functioning. Remarkably, it has been previously reported that
the administration of oncolytic viruses into patients, even with sequestration, can result in the
release of neoantigens from tumors, which may promote entry of CAR T-cells into solid
tumors. Furthermore, oncolytic viruses have been shown to reverse the immunosuppressive Accepted: 23 July 2018
environment of certain tumors. With this, CAR T-cells may be able to perform their critical LU B e
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and healthcare systems around the world. Furthermore, Canada’s aging population
presents a major risk for a projected increase in cancer incidence — since cancer is typically
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associated with aging [1]. It is estimated that by 2036, 25% of the Canadian population will
be composed of adults 65 years of age and older [2]. Adults in this age group are 11 times
more likely to develop cancer than those under 65 years old [3]. With an anticipated increase
of cancer incidence, it is therefore critical that discovery, testing, and refinement of novel
treatments continue.

An emerging cancer treatment modality is oncolytic virotherapy. This treatment utilizes
natural or engineered oncolytic viruses (OVs) that have a selective, but not nonexclusive,
tropism for tumors [4]. It has been previously assumed that OVs’ primary anti-cancer effect
was their oncolytic capability [5]. However, oncolysis only plays a minor role in cancer
therapy [5]. Instead, OVs convert tumor microenvironments (TME) into “vaccine factories”
[5]. These “factories” induce the release of immunogenic small molecules and protein
mediators, such as type I interferon (IFN), adenosine triphosphate (ATP), uric acid, and high-
mobility group box 1 (HMGBI1) [5]. With the release of the signals, comes enhanced tumour-
associated antigen presentation, increased T-cell and natural killer cell trafficking into the
TME, and enhanced effector function [5].

Chimeric antigen receptor (CAR) T-cell therapy is another promising anti-cancer remedy.
This therapy is generally catered for refractory hematological malignancies and immunogenic
cancers, such as melanoma and renal cell carcinoma. Currently, the Food and Drug
Administration (FDA) has approved two CAR T-cell therapies for acute lymphoblastic
leukemia and non-Hodgkin’s lymphoma. CARs are recombinant cell surface fusion proteins
that contain both extracellular domains designed to bind to tumor-specific or tumor-
associated cell surface antigens, and intracellular signalling domains [6,7]. These intracellular
activating and co-stimulatory domains mimic physiological T-cell receptors, but act in a
MHC-independent manner [5]. Once antigens are bound to the extracellular domain, T-cell
activating signals occur [6,7]. CARs can also target carbohydrate or glycolipid structures in
addition to proteins, unlike T-cell receptors [6].

RESEARCH QUESTIONS

Cancer is a devastating disease that touches all lives in one way or another. New treatment
options such as oncolytic virotherapy and CAR T-cell therapy for cancer and refractory
malignancies exist and are being actively pursued, respectively. Despite their individual
successes, limitations currently exist for both therapies. Certain limitations of each therapy
have been theoretically resolved by complementing one therapy with the other. In order to
determine whether combining these two therapies could improve cancer prognosis, this
review focuses on the following research questions:

1. What are the current limitations for oncolytic virotherapy and chimeric antigen
receptor T-cell therapy?

2. How would combining oncolytic virotherapy and chimeric antigen receptor T-cell
therapy minimize their respective limitations and thus improve cancer prognosis?

3. What are the potential risks of combining oncolytic virotherapy and chimeric
antigen receptor T-cell therapy?

PROJECT NARRATIVE

What are the current limitations for oncolytic virotherapy and chimeric antigen
receptor T-cell therapy?
Oncolytic virotherapy and CAR T-cell therapy is an actively pursued area of research in

hopes of decreasing cancer-related mortalities. Despite recent advances in their fields,
limitations exist which prevent these treatments from achieving their therapeutic potential.
OVs are administered to patients systemically or via intra-tumoral injection [5]. For many
cancers, tumors are not often easily accessible, or are metastatic. Therefore, systemic delivery
of OVs are often necessary for any therapeutic effect. However, a predominant barrier to
effective systemic oncolytic virotherapy administration is patient host defences [8].
Leukocytes, the complement system, antibodies, and antiviral cytokines may all limit the
functioning and delivery of OVs into their target cells [9]. OVs are further limited by pre-
existing immunity in the patient. Immunity may be developed by prior immunization, or
simply accidental exposure due to the ubiquitous nature of the virus [8]. The vaccinia virus, a
heavily researched oncolytic virus was used for the worldwide eradication of smallpox [8].
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Therefore, many individuals who undergo oncolytic virotherapy have immunity to this
particular vaccinia OV. In addition, certain OVs, such as Reovirus, are globally abundant.
Consequently, many patients will have immunity to viruses due to immunizations, or by
random exposure, and thus prevent oncolytic virotherapy from succeeding [10, 11].

Sequestration by the lung, liver, and spleen will also decrease systemically administered
OVs’ ability to infect tumors throughout the body [8]. A study investigating oncolytic
adenovirus and its tendency to be sequestered by the liver, for example, showed that
approximately 90% of the intravenous injected adenovirus was taken up by the liver [9]. They
concluded that the rapid uptake by the liver lead to hepatotoxicity, reduced virus uptake by
the target tumor tissue, and ultimately, a decreased therapeutic efficacy [9]. A summary of
these obstacles is presented in Figure 1.

Unlike oncolytic virotherapy which has shown efficacy against certain solid tumors [12],
CAR T-cell therapy has only shown clinical benefit against hematological cancers [13, 14, 15,
16]. This can possibly be explained by CAR T-cells’ poor ability to enter solid TMEs [17].
For successful entry, a sufficient number of T-cell attracting chemokines secreted by tumors
are needed [17]. Moreover, tumor-specific or tumor-associated antigens recognized by CARs,
which are also required for entry, have been difficult to identify on solid tumors [17]. In
addition to entry, tumors often contain immune inhibitory pathways which help suppress
attack by T-cells [18].

How would combining oncolytic virotherapy and chimeric antigen receptor T-cell
therapy minimize their individual limitations and thus improve cancer prognosis?
Oncolytic virotherapy and CAR T-cell therapy have amassed much excitement from

researchers, clinicians and patients. A possible novel cancer therapy which may resolve their
individual limitations, is to successively administer OVs and CAR T-cells into patients. A
major limitation of CAR T-cell therapy on solid tumors is the lack of ideal TAAs [17]. With
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FIG. 1 A brief summary of potential obstacles preventing successful systemic administration of oncolytic viruses
into a patient.
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an initial dose of OVs, despite sequestration by host defences or by pre-existing immunity,
the oncolytic properties of OVs may cause the release of neoantigens from tumors [19]. The
released neoantigens will have not yet been recognized by the patient host and will result in
an immune response, thus enhancing CAR T-cells’ entry into tumors.

With a potential surge of CAR T-cells entering into tumors due to an increased release of
neoantigens, it has been reported that the immunosuppressive TME inhibits T-cells’ anti-
tumor effects [20]. This is done via an enhanced expression of checkpoint inhibitors,
differentiation of regulatory T-cells [21], myeloid-derived suppressor cells [22], tumor-
associated macrophages [23, 24], and mesenchymal stem cells [25, 26]. Interestingly, OVs
may be able to transform the TME into an immunogenic environment. When cells are infected
with viruses, type I IFNs are often released to produce an antiviral state. Although tumors may
become resistant to the OVs, the released type I IFNs will up-regulate MHC I on all cells,
increase macrophage and natural killer cell activation [27], and promote the activation and
survival of both CD4" and CD8" T-cells [28, 29]. Therefore, OVs could be used to prime the
reversal of the immunosuppressed TME and enhance the anti-cancer effects of CAR T-cells.

In addition to the regular anti-viral cellular response to viruses, it may be additionally
beneficial to use recombinant OVs encoding transgenes. These genes could express various
interleukins, IFNs, and apoptosis-inducing ligands [30, 31] which could further promote an
immunogenic state in the TME. It has even been reported that several of these gene products
have cytotoxic effects on neighbouring uninfected cancer cells [32].

Treating cancer is often a patient-by-patient approach. All cancers and patients are
different, so efficacy of CAR T-cell entry into tumors should also theoretically differ. For
patients whose cancer adequately permits CAR T-cell entry, it may be advantageous to initiate
treatment with CAR T-cells encoding OV DNA. By doing so, fully infectious genomes can
be protected from neutralizing antibodies, protease degradation, or complement inactivation
[33]. Furthermore, the patient’s tendency to sequester OVs will be greatly decreased given
that free OVs will not be present in the circulation.

What are the potential risks of combining oncolytic virotherapy and chimeric antigen
receptor T-cell therapy?

The therapeutic effects of combining OVs and CAR T-cells appear to be additive, if not
synergistic. While these individual therapies have side effects and other barriers, this novel
combinatory therapy will also have additional obstacles that must be considered.
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FIG. 2 Oncolytic virus encoding transgenes expressing and releasing pro-CAR T-cell cytokines and T-cell
attracting chemokines, resulting in increased chimeric antigen receptor T-cell entry into cancerous cells.
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The first obvious limitation of combining oncolytic virotherapy with CAR T-cell therapy
is cost. The price of advanced melanoma treatment with Talimogene laherparepvec (T-VEC),
a 2015 FDA approved OV, for example, approximately costs each patient $65,000 USD for
a full treatment [34]. The more recently FDA approved (August 2017) CAR T-cell therapy,
Kymriah, costs each patient roughly $475,000 USD [35]. Therefore, it is reasonable to predict
that a treatment with OVs and CAR T-cells combined may amount to >$500,000 USD.
Despite this vast sum, there are currently only two FDA approved CAR T-cell therapies in
the USA. As research progresses and additional CAR T-cell therapies are available to the
public, the increased competition amongst pharmaceutical companies will likely result in
lower CAR T-cell therapy costs. Precise estimations of lowered costs are difficult to predict.
While considering the various fruitful ways of combining OVs and CAR T-cells, one must
also understand that the therapies can antagonize each other, if not combined carefully.
Chimeric antigen receptor T-cells can elicit strong anti-viral conditions. If too many cytokines
are released by the CAR T-cells, the oncolytic and “vaccine-developing” properties of OVs
may be suppressed, if not eliminated. Likewise, if OVs primarily destroy cancer cells via
apoptosis rather than immunogenic cell death, CAR T-cells will likely have little effect on
cancer cells [5].

Chimeric antigen receptor T-cell therapy is known to have a serious potential side effect,
where an excessive number of cytokines are released, termed cytokine release syndrome [36,
37]. Although potential toxicity from CAR T-cells can be better estimated with non-human
primate testing [38], the addition of OV in cancer therapy will likely also result in additional
cytokine release. Therefore, it is critical to carefully implement OVs and CAR T-cells that
result in a sustainable and non-life-threatening amount of cytokine release.

SUMMARY AND CONCLUSION

Cancer’s immense negative influence on the lives of patients cannot be overstated. In
Canada alone, nearly one in two Canadians will be diagnosed with cancer in their lifetimes,
and one in four will die [39]. As a result, novel cancer therapies are rapidly emerging, and
present treatments are currently being refined. However, despite active research, therapies
such as oncolytic virotherapy and CAR T-cell therapy, have proven to be inefficacious for
certain cancers or patient populations. This paper, however, has reviewed and proposed
certain complementary effects from combining these therapies that may result in potential
therapeutic synergy.

The combinatory effects of OVs and CAR T-cells have not been thoroughly investigated,
therefore questions remain. For instance, is there currently an ideal OV to use when combined
with CAR T-cells? It could be argued that one does not currently exist, or that it depends on
the patient’s cancer and adaptive immunity. However, one possible OV to investigate is the
vaccinia virus. For one, genetically engineered vaccinia viruses have entered clinical trials,
and much is known about this virus [40]. Secondly, if sequestration or patient immunity of
OVs poses an obstacle for tumor entry, the extracellular enveloped vaccinia virus has evolved
in a manner that renders the virus relatively resistant to complement- and antibody-mediated
neutralization [40]. Furthermore, the genome of vaccinia is large, and enables the insertion of
many foreign genes. For tumors that have an immunosuppressive TME and CAR T-cells that
have difficulty entering solid tumors, transgenes expressing pro-T-cell cytokines and T-cell
attracting chemokines are imperative. A model of this occurring is presented in Figure 2.

Theoretical arguments exist (and have been stated in this paper) that support beginning
treatment with OVs, then administering CAR T-cells. However, reasons for reversing this
order also exist. For instance, for metastatic cancer present in the brain, cell carriers such as
CAR T-cells, may need to be used to carry OVs across the blood-brain barrier [41].
Furthermore, it is also probable that pre-existing adaptive immunity and sequestration of OVs
in certain patients will result in an ineffective concentration of OVs, rendering its pro-CAR
T-cell therapy properties inadequate. For these reasons, it is important to investigate a
combination therapy beginning with CAR T-cell therapy and not OVs, and also CAR T-cells
encoding complete viral genomes.

Combining OVs and CAR T-cells for cancer therapy will have its own limitations and
challenges. Given this, this combinatory therapy may not be feasible. However, entertaining
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the idea may encourage researchers to not only pursue the discovery of novel cancer
treatments but also investigate the therapeutic potential of combining already existing cancer
therapies. The benefits of combining these treatments may be exponentially enhanced and
could ultimately play a major role in the battle against cancer.

ACKNOWLEDGEMENTS

This project would not be possible without the guidance, support, and recommendations from
Dr. Frangois Jean. I also want to thank my support group, Maria-Elizabeth Baeva, Shivani
Mysuria and Priya Suresh, for their constructive critiques of my research questions.

REFERENCES

1. Puts, M. T. E., Hsu, T., Szumacher, E., Sattar, S., Toubasi, S., Rosario, C., ... Alibhai, S. M. H.
(2017). Meeting the needs of the aging population: the Canadian Network on Aging and Cancer—
report on the first Network meeting. Curr Oncol. 2016 April 27;24(2):e163—e170

2. Statistics Canada. Population Projections for Canada, Provinces and Territories: 2009 to
2036. Ottawa, ON: Statistics Canada; 2010. [Available online at: http://www.statcan.gc.ca/pub/91-
520-x/91-520-x2010001-eng.pdf; cited 28 April 2016]

3. Yancik R, Ries LA. Aging and cancer in America. Demographic and epidemiologic
perspectives. Hematol Oncol Clin North Am. 2000 Feb 14;(1):17-23
Russell SJ, Peng K, Bell JC. Oncolytic virotherapy. Nature biotechnol. 2012 Jul 30;(7):658.

5. Ajina A, Maher J. Prospects for combined use of oncolytic viruses and CAR T-cells. J Immunother
Cancer. 2017 Jan 1;(5):90.

6.  Sadelain M, Brentjens R, Riviere I. The basic principles of chimeric antigen receptor design. Cancer
Discov. 2014 March ;(4):338-98.

7. Maher J. Inmunotherapy of malignant disease using chimeric antigen receptor engrafted T cells.

Oncol. 2012;2012

8. Ferguson MS, Lemoine NR, Wang Y. Systemic delivery of oncolytic viruses: hopes and hurdles.
Adv virol. 2012;2012:805629

9. Shashkova EV, Doronin K, Senac JS, Barry MA. Macrophage depletion combined with
anticoagulant therapy increases therapeutic window of systemic treatment with oncolytic adenovirus.
Cancer Res. 2008 Jul 15,;68(14):5896-5904

10. Tai JH, Williams JV, Edwards KM, Wright PF, Crowe JE, Dermody TS. Prevalence of reovirus-
specific antibodies in young children in Nashville, Tennessee. J Infect Dis. 2005 Apr
15,;191(8):1221-1224

11.  Minuk GY, Paul RW, Lee PW. The prevalence of antibodies to reovirus type 3 in adults with
idiopathic cholestatic liver disease. J Med Virol. 1985 May;16(1):55-60

12.  Leonard W Seymour, Kerry D Fisher. Oncolytic viruses: finally delivering. Br J Cancer. 2016 Feb
16,;114(4):357-361.

13.  Garfall AL, Maus MV, Hwang W, Lacey SF, Mahnke YD, Melenhorst JJ, et al. Chimeric Antigen
Receptor T Cells against CD19 for Multiple Myeloma. N Engl J Med.. 2015 Sep 10,;373(11):1040.

14.  Porter DL, Hwang W, Frey NV, Lacey SF, Shaw PA, Loren AW, et al. Chimeric antigen receptor T
cells persist and induce sustained remissions in relapsed refractory chronic lymphocytic leukemia.
Sci Transl Med. 2015 Sep 02,;7(303):303ral139.

15.  Shannon L Maude, Noelle Frey, Pamela A Shaw, Richard Aplenc, David M Barrett, Nancy J Bunin,
et al. Chimeric antigen receptor T cells for sustained remissions in leukemia. N Engl J Med. 2014
Oct 16,;371(16):1507-1517.

16. Lee DW, Kochenderfer JN, Stetler-Stevenson M, Cui YK, Delbrook C, Feldman SA, et al. T cells
expressing CD19 chimeric antigen receptors for acute lymphoblastic leukaemia in children and
young adults: a phase 1 dose-escalation trial. Lancet. 2015 February 7,;385(9967):517-528.

17.  Newick K, Moon E, Albelda SM. Chimeric antigen receptor T-cell therapy for solid tumors. Mol
Ther Oncol. 2016 Apr 1,;3:16006.

18. Gajewski TF, Schreiber H, Fu Y. Innate and adaptive immune cells in the tumor microenvironment.
Nature Immunol. 2013 Sep 18;(14):1014.

19.  Sachin R. Jhawar, Aditya Thandoni, Praveen K. Bommareddy, Suemair Hassan, Frederick J.
Kohlhapp, Sharad Goyal, et al. Oncolytic Viruses—Natural and Genetically Engineered Cancer
Immunotherapies. Front Oncol. 2017 Sep 1,;7

20. Beavis PA, Slaney CY, Kershaw MH, Gyorki D, Neeson P, Darcy P. Reprogramming the tumor
microenvironment to enhance adoptive cellular therapy. Semin Immunol. 2015 Nov 25;(28):64-72

21. Nishikawa H, Sakaguchi S. Regulatory T cells in tumor immunity. Int J Cancer. 2010 Aug
15,;127(4):759-767

22. Diaz-Montero CM, Finke J, Montero AJ. Myeloid-derived suppressor cells in cancer: therapeutic,
predictive, and prognostic implications. Semin Oncol. 2014 Apr;41(2):174-184.

23.  Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated regulation of myeloid cells by
tumours. Nat Rev Immunol. 2012 Mar 22,;12(4):253-268.

24. Ruffell B, Coussens LM. Macrophages and therapeutic resistance in cancer. Cancer Cell. 2015 Apr
13,;27(4):462-472.

August 2018 Volume 3 Undergraduate Review Article

JEMI-PEARLS

https://jemi.microbiology.ubc.ca/

21



Golin

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

August 2018 Volume 3 Undergraduate Review Article https://jemi.microbiology.ubc.ca/

JEMI-PEARLS

Larghero, Sanaa EL Marsafy and Jerome. Mesenchymal Stem Cells: Key Actors in Tumor Niche.
Curr Stem Cell Res Ther. 2015;10(6):523-9. Available at:
http://www.eurekaselect.com/133546/article. Accessed Mar 3, 2018.

Nauta AJ, Fibbe WE. Immunomodulatory properties of mesenchymal stromal cells. Blood. 2007
Nov 15,;110(10):3499-3506.

Fitzgerald-Bocarsly P. Human natural interferon-alpha producing cells. Pharmacol Ther. 1993
Oct;60(1):39-62.

Sun S, Zhang X, Tough DF, Sprent J. Type I Interferon-mediated Stimulation of T Cells by CpG
DNA. J Exp Med. 1998 Dec 1,;188(12):2335-2342.

Marrack P, Kappler J, Mitchell T. Type I interferons keep activated T cells alive. J Exp Med. 1999
Feb 01,;189(3):521-530.

Kaufman HL, Kohlhapp FJ, Zloza A. Oncolytic viruses: a new class of immunotherapy drugs. Nat
Rev Drug Discov. 2015 Sep;14(9):642-662.

Aurelian L. Oncolytic viruses as immunotherapy: progress and remaining challenges. Onco Targets
Ther. 2016 May 4;9:2627-2637.

Cassady KA, Haworth KB, Jackson J, Markert JM, Cripe TP. To Infection and Beyond: The Multi-
Pronged Anti-Cancer Mechanisms of Oncolytic Viruses. Viruses. 2016 Feb 04,;8(2).

Willmon C, Harrington K, Kottke T, Prestwich R, Melcher A, Vile R. Cell Carriers for Oncolytic
Viruses: Fed Ex for Cancer Therapy. Mol Ther. 2009 October 1,;17(10):1667-1676.

Orloff M. Spotlight on talimogene laherparepvec for the treatment of melanoma lesions in the skin
and lymph nodes. Oncolytic Virother. 2016 Oct;5:91-98.

Bach PB, Giralt SA, Saltz LB. Approval of Tisagenlecleucel Promise and Complexities of a $475
000 Cancer Drug. JAMA. 2017 Nov 21;318(19):1861-1862.

Grupp SA, Kalos M, Barrett D, Aplenc R, Porter DL, Rheingold SR, et al. Chimeric antigen
receptor-modified T cells for acute lymphoid leukemia. N Engl J Med. 2013 Apr 18,;368(16):1509.
Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, et al. T cells with chimeric antigen
receptors have potent antitumor effects and can establish memory in patients with advanced
leukemia. Sci Transl Med. 2011 Aug 10,;3(95):95ra73.

Berger C, Sommermeyer D, Hudecek M, Berger M, Balakrishnan A, Paszkiewicz PJ, et al. Safety of
targeting ROR1 in primates with chimeric antigen receptor-modified T cells. Cancer Immunol Res.
2015 Feb;3(2):206-216.

Canadian Cancer Statistics Advisory Committee. Canadian Cancer Statistics 2017. Toronto, ON:
Canadian Cancer Society; 2017. Available at: cancer.ca/Canadian-Cancer-Statistics-2017-

EN.pdf (accessed [March 1 2018]).

Liu T, Kirn D. Systemic Efficacy with Oncolytic Virus Therapeutics: Clinical Proof-of-Concept and
Future Directions. Cancer Res. 2007 Jan 15;(2):429-432.

Roy DG, Bell JC. Cell carriers for oncolytic viruses: current challenges and future directions.
Oncolytic Virother. 2013;2:47-56.

22



