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SUMMARY  Worldwide, prostate cancer (PC) is the second most commonly diagnosed
cancer in men, and the second leading cause of cancer death in the developed world [1-4].
Approximately 11% of all men in the United States are diagnosed with PC over their lifetime,
with the incidence increasing with age [3]. Current treatment options for PC depend on PC
stage and may include radical prostatectomy, radiation therapy, androgen deprivation therapy,
and chemotherapy [4-6]. However, despite advances in PC screening and the wide availability
of treatment options available for PC, the prognosis of metastatic PC remains grim with a 5-
year survival rate of 28% for metastatic disease [3, 5, 7]. Furthermore, current treatment
options for PC present a wide variety of undesirable side effects or complications [8-10]. One
such type of therapy includes the use of androgen deprivation therapy, which has been
associated with loss of bone density, vasomotor symptoms, and sexual dysfunction with or
without a change in mental state [11-16]. The development of oncolytic viral therapy may
provide a novel treatment option for the treatment of PC by direct killing of tumor cells and
enhancement of the immune response against the tumor [1, 2, 17-19]. In addition, this novel
therapy could be utilized in tandem with other currently approved treatment options for a
potential synergistic treatment of PC. This article will provide an overview of the current
research in oncolytic viral therapy, compare the potential utility of oncolytic viral therapy in
PC in comparison to current treatment regimens, and suggest an optimal oncolytic viral
therapy schedule for PC patients. Understanding the benefits of oncolytic viral therapy
provide us with a greater diversity of treatment options that may be used or combined for PC,
particularly for castration-resistant PC tumors or metastases, as well as other cancers with few
treatment options.

INTRODUCTION

rostate cancer (PC) is the most prevalent malignancy in men worldwide [1-4, 20, 21]. In

North America alone, PC is the second most diagnosed cancer among men within North
America, with an estimated incidence rate of 21% [3]. It is also the second leading cause of
cancer-related death in North America [3]. The causes of PC are many, including key
associative factors of age - an average age of diagnosis being 66 years old [22, 23]. Other key
factors include genetic factors, lifestyle, and diet [22, 23]. Individuals with a family history of
PC have an increased relative risk of two to five times higher than those with no prior history
[23]. PC is also ethnicity-related, as African Americans make up 44.2% of patient, Caucasian
Americans 19.1%, and Asian Americans 9.1% [22].
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with advanced PC.

Current treatment of PC after diagnosis revolves around three main approaches depending
on the cancer grade — localized, advanced, or distant metastatic PC. For patients with
localized PC, the treatment options include either surgical removal of the prostate or radiation
therapy, usually followed by close active monitoring of the patient’s PSA levels [4]. In the
case of advanced PC, the first line of treatment usually involves surgery, followed by
radiation treatments. Patients with distant metastatic PC usually range from surgical
interventions and radiation, to androgen deprivation therapy (ADT) and chemotherapy [4]. As
a last line of defense, patients may be suggested to undergo alternative treatment options such
as newly FDA approved treatments and/or clinical trials, along with palliative care [4].

Despite the numerous current treatment options, the 5-year survival rate for individuals
with progressive PC is in the single digits — approximately 7%, with up to 40% of patients
eventually experiencing disease progression and/or relapse within 12 to 18 months [1].
Furthermore, the second and last lines of treatment have met with limited success, with 70%
of high risk patients with metastasis dying within 5 years of diagnosis [1, 25]. Due to these
issues, a new therapeutic option is greatly needed, such as oncolytic viral therapy (OVT).

OVT is a new promising strategy against cancer, due to the fact that oncolytic viruses
(OVs) mediate antitumor effects in several ways [Figure 1]. An OVs is defined as a
genetically engineered or natural-occurring virus with the ability to selectively replicate in
oncolytic cells; the replication in tumor cells allows for the killing of such cells, all while
propagating and infecting other tumor cells [1]. These engineered viruses have already been
used as pre-clinical treatment for cancers like melanoma, lymphoma, multiple myeloma, and
acute myelogenous leukemia, utilizing various viruses like the herpes simplex virus and
reovirus [26-29]. Primary effects include the efficient infection of cancers and propagations
via lysis, alongside preferential infections of cancer cells over normal cells. Aside from this,
OVs are able to stimulate and activate the immune system, overcoming the immune-
suppressive environment created and maintained by cancerous cells. This in turn can facilitate
a strong and robust response of both innate and adaptive immunity against the tumor itself,
leading to the development of anti-tumor antigens and facilitating long-term immunological
memory.

The utilization of OVT for PC is especially attractive, due to the location of the tumor and
immediate benefit. Since PCs are easily accessible via the perineum, OVs would be allowed
to directly affect the tumor site. This is particularly important, as OVs can be recognized by
the immune system as pathogens and the consequent anti-viral response could minimize
effectiveness. Furthermore, due to the fact that PC patients with distant metastasis have a
survival rate of less than 29%, any potential benefits, whether prolongation of patient life or
increase of patient quality of life, would be advantageous [5, 7]. In addition, these successful
clinical trials of OVT for PC would promote more research into OVT and other subsequent
clinical trials against different type of cancers.

RESEARCH QUESTIONS

Patients with local PCs have a 95% chance of survival, and patients with advanced PC also
have a 95% survival rate [3, 7, 21]. However, patients with distant metastatic PC have a
survival rate of less than 29% with current treatments[3, 5, 7]. Due to this issue, OVT would
provide a novel avenue of treatment that could curb the mortality rate of distant metastatic PC
patients, thereby prolonging the patient’s life and increasing the patient’s quality of life. In
this context, this article will examine three key areas. First, it will examine the population of
PC patients that have low survival rates, and what key factors are involved. Following this, it
is important to assess the current treatment options for these PC patients and their limited
effectiveness, in comparison to OVT. Lastly, this article will explain why PC is a excellent
candidate for OVT, explore which viruses would be the best candidate for OVT, and discuss
how this novel therapy should be integrated with current avenues of treatment.

PROJECT NARRATIVE

What population of PC patients have poor survival rates? The development of sensitive
diagnostic tools for early diagnosis of patients with PC has been correlated with a high

survival rate, as early detection of PC translates to better prognosis. This is further correlated
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with the development of the current myriad of effective treatment options. Despite this, on
average 4,300 men die from PC in Canada, which represents 10% of all cancer deaths in men
in 2017 [23]. The questions remains as to why some patients, despite early diagnosis, still
have poor survival rates. Even with the most current and novel treatment strategies, there are
limitations to the effectiveness of the treatment in a subset of patients. Due to this, most
options for metastatic PC, aside from aggressive forms of treatment, usually prescribe
palliative measures to maximize the patient’s quality of life. As a result, there is no cure for
metastatic PC, as the majority of therapies involve in palliative care. Currently, there are two
main groups of patients that represent the majority of PC-related deaths [Figure 2]. They are:
i) hormone-sensitive PC (HSPC); and ii) castration resistant PC (CRPC) [30-33].

Patients with HSPC are individuals who have PCs that are sensitive and respond well to
ADT. Up to 75% of metastatic cases are hormone sensitive, although there are issues of
developing resistance to ADT [33].Within this group there are 2 subsets of patients.
Individuals who have undergone a prostatectomy or radiation therapy for localized PC but
still have an increasing PSA level are categorized as a biochemical reoccurrence (BCR) [21].
BCR represents 30% to 50% of all PC patients in Canada [21, 34, 35]. BCR is particularly
dangerous as patients diagnosed are still at risk of developing metastasis in 35% of cases [34].
The other subset of individuals are the metastatic hormone-sensitive PC (mHSPC) patients
[33, 35]. In the case that a patient does develop androgen resistance, these patients are
considered to have castration-resistant PCs (CRPC), which includes both non-metastatic and
metastatic cancers [35]. Of all the patients with advanced or metastatic PC, the prognosis of
CPRC is the grimmest.

Research question #2: How do current PC treatments compare to oncolytic viral
therapy for treatment-resistant PC patients? Although the majority of cases of PC are
diagnosed and treated while the PC is localized, some men have an elevated risk or have
evidence of developing a disseminating disease after their intervention treatments (e.g.,
hormone therapy, radiation therapy), and others have evidence of a metastatic PC. Current
research has led to the development of multiple treatment modalities for men with advanced

FIG. 1 Mechanisms of action of oncolytic virus therapy. Local infection of tumor cells via oncolytic viruses induces lysis,
releasing viral progeny that infect other tumor cells. Lysis also leads to local inflammation and release of tumor antigens,
leading to stimulation of innate and adaptive immunity through the presentation of tumor antigens and shifting the local tumor
microenvironment towards a pro-inflammatory state.
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or distant metastatic PC. The choice of treatment depends on a variety of factors, such as the
stage and size of the tumor, overall health and age, and personal preference. The management
of these patients mainly relies on the goals of prolonging survival, minimizing complications,
and maintaining/increasing quality of life.

PCs that continue to have increased levels or rising levels of PSA despite a definitive
treatment are diagnosed as BCR PC. The therapeutic options for these patients are focused
towards the management of the PSA, with either 2 years of hormonal therapy with an
androgen blocker (e.g., bicalutamide) or 6 months of testosterone suppression with standard
ADT [21, 36]. In addition, the patient’s serum PSA is closely monitored in order to inform
any further changes that may be needed [36].

The initial approach for treatment of patients with disseminating PC usually includes
ADT. ADT can be achieved either with a bilateral orchiectomy (i.e., surgical castration) or a
medical orchiectomy [37]. The former is a simple, cost-effective treatment in order to stem or
decrease the elevated/rising serum PSA. It is especially useful in cases where immediate
decrease of testosterone is necessary or when cost/adherence is an issue. The latter utilizes the
hypothalamic-pituitary axis, in order to deceases the testicular production of testosterone.
However, ADT is associated with a wide range of side effects that can significantly impair the
quality of life. This includes side effects associated with lack of testosterone (e.g.,
osteoporosis, muscle loss), sexual dysfunction, vasomotor instability, fatigue, and
neurological and cardiovascular abnormalities. To improve the effectiveness of the treatment,
ADT is usually combined with either docetaxel, a microtubule inhibitor, or abiraterone
acetate, an antiandrogen medication [5]. However, these additional treatments are not without
side effects. Patients may have complications, such as nausea, emesis, and muscle/joint pain.

For patients with evidence of metastatic PC, treatments options tend to differ, as the
majority of patients develop androgen resistance, negating ADT - the most commonly used
treatment for PC [21, 38]. Despite this, ADT treatments (i.e., medical orchiectomy) are
usually continued, along with additional therapies and palliative care [39]. In the case of
additional therapies, this includes immunotherapy and chemotherapy [40-42]. For palliative
care, this usually refers to the utilization of pain-relief and/or Radium-223, which is especially
used for patients with bone metastasis [39].

The main issue with the treatment of BRC, HSPC, and non-metastatic/metastatic CRPC
(nm/mCRPC) are that these forms of treatment focus on the goal of preserving/prolonging a
patient’s life rather than treating the disease. This is further compounded by the fact that the
optimal timing for initiating systemic therapies is uncertain, and varies depending on the
experience and knowledge of the physician. Hormone therapy for disseminated PC is not
curative, and immediate therapy has not been shown to prolong survival compared with
delayed therapy [6, 43]. Furthermore, treatment-related side effects can adversely affect a

FIG. 2 A proportional prostate cancer clinical states model. The circles represent the corresponding prostate cancer disease
state, along with the prevalence rate. Adapted from the prostate cancer clinical states model and the prostate cancer clinical
states prevalence model [52, 53]. nmCPRC = non-metastatic castration-resistant prostate cancer; mCRPC = metastatic
castration-resistant prostate cancer; PSA = prostate-specific antigen.
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patient’s quality of life [10].

Due to this, OVT provides an alternative treatment avenue that not only is potentially
curative, but could also provide increased quality of life and survival in patients with
disseminating/disseminated PC. This is because viral infections have an intrinsic cytopathic
property in inducing cell death and cellular dysfunction. In addition, the viral genome can
easily accommodate modifications that could increase viral tropism to neoplastic cells,
enhance selective viral replication and lytic capacity, alter viral pathogenicity, and induce host
antitumor immunity. These features are the foundation for the use of viruses in cancer
therapeutics. The ability to generate virions rapidly and genetically engineer additional genes
that promote antitumor immunity, increase tumor cell susceptibility to ionizing radiation or
cytotoxic chemotherapy, and increase patient safety, are all major advantages of OVs.

Research question #3: How beneficial is OVT for PC, which viruses should be utilized
for PC, and what would be an optimal strategy/therapy? PC is an excellent candidate for
OVT, primarily due to two reasons. The first is that there are no effective treatments readily
available for patients with distant metastasis or relapse. This is evident as patients diagnosed
with metastatic PC have a 5-year survival rate of 28% [3, 5, 7]. Due to the low survival rate of
PC, as any increase in survival rate in patients with distant metastasis or relapse would
prolong the patient’s life. The second reason that PC would benefit from OVT is the route of
administration. As the PC is easily accessible with current surgical and radiation treatments
via the perineal muscle or transrectal route, administration of OV are ideal due to the location.

OVT for PC would involve the injection of OV directly into the tumor and surrounding
area. Similar to how a prostate biopsy would function, physicians would inject the viral
particles transrectally with transrectal ultrasound guidance to aid the placement of the
injection. Pre-clinical and clinical phase I/II trials of OVT for PC have shown promising
results with minimal traditional side effects, such as erectile dysfunction and incontinence
[44]. Although there are multiple viruses that can be utilized for OVT in patients, such as
herpes simplex virus and reovirus, the most beneficial virus for distant metastatic PC would

FIG. 3 Prostate cancer disease progression model, depicting patient transitions between distinct prostate cancer clinical states.
Based on clinical data from [54, 55]. The model highlights movement towards clinical states that have a lower 5-year survival
rate, depicting higher mortality rates. In addition, current therapeutic options are shown below, along with the potential
therapeutic benefit of oncolytic viral therapy in each clinical state. PC = prostate cancer; nmCPRC = non-metastatic castration-
resistant prostate cancer; mCRPC = metastatic castration-resistant prostate cancer.
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be adenovirus. The first reason is that adenovirus has been widely and thoroughly studied
since its first identification in 1953 [45]. The second reason is that adenovirus has broad
tropism for a variety of tissues, allowing for wide-spread infection of tumors throughout an
individual [46]. This is particularly useful in patients with distant metastasis, as the circulation
of the OVs would help with affecting secondary sites as well. The third reason is that OVs can
contain small molecules (e.g., 5-FC), which could increase the effectiveness of the cancer-
killing [46, 47].

The development of an optimal strategy for patients with disseminating or distant
metastatic PC would utilize a multi-disciplinary approach integrating both current and novel
methods. The inclusion of OVT to current treatment plans of both androgen-sensitive and
castration-resistant PC would be the most effective in both minimizing disease progression
and potential side effects.

ADT provides excellent management of the proliferation of PC cells, as the majority of
these cancer cells have greater amounts of androgen receptors (AR) and/or a lower threshold
of ligand needed to activate the receptor [48]. Thus inhibiting circulating levels of androgens
would mediate inhibition of the transcription of target genes that modulate growth and
differentiation of prostate epithelial cells. Subsequent treatments of abiraterone acetate and
docetaxel would further inhibit the proliferation of PC cells by inhibiting circulating
androgens and inhibiting PC cell division via microtubular depolymerization, respectively.
OVT would provide another therapeutic avenue that would not only lyse PC cells within the
primary tumor sites, but also circulating and secondary sites of metastasis. In addition,
adenovirus OVs are able to package additional genes that could encode for pro-drugs or
proteins, enhancing antitumor efficacy and augmenting antitumor immunity induction. This is
particular evident in the clinical trials done by Freytag er al. in which they engineered an
oncolytic virus, using an adenovirus that packaged and genetically expressed 5-fluorocytosine
(5-FC), a chemotherapy drug that inhibits synthesis of DNA and RNA [47]. They observed a
decrease of at least 25% in the PSA levels in 60% of patients that utilized this OV [47].
Another target molecule for PC to consider could be a Pace4 inhibitor, an inhibitor of the
proprotein convertase that is overexpressed in the majority of PC cells and has been
implicated in the upregulation of growth factors leading to sustained cancer progression [49].

CONCLUSIONS

Over the last 30 years, there have been incredible achievements in PC research, from the
discovery of PSA to the development of Pace4 inhibitors. This is supported by the nearly
100% survival rate of localized PC patients and the sensitive diagnostic platforms available.
In addition, the current treatments provide not only management of the disease and
prolongation of patient life, but are also able to cure patients of their PC. However, despite
these recent scientific advancements (e.g., antiandrogen and chemotherapy drugs), 10% of all
PC patients die [3]. Due to this, OVT is promising for its effectiveness in especially distant
metastatic PC patients [Figure 3].

Current and past clinical trials show promising results, especially to patients with
alternative forms of treatment combined with OVT. Many clinical trials have shown that a
monotherapy of OV is generally well-tolerated in a variety of patients with varying
progression of PC [1, 2, 17, 18]. Of these clinical trials with patients with no alternative
option in decreasing PSA levels, many have shown a significant decrease in PSA levels with
the use of OVT [1, 2, 17, 18]. Further synergistic effects in the treatment of PC could be
potentially achieved through a combined treatment plan, utilizing OVT, ADT, antiandrogen,
and chemotherapy. This would maximize the effectiveness by targeting PC by different
mechanisms, all while decreasing the likelihood of developing androgen resistance. This is
particularly an issue as all patient undergoing ADT therapy develop androgen resistance
through the manipulation of the nontraditional pathways involving androgenic ligands and
receptors [50]. Thus, a multiprong therapy would both minimize treatment durations and
maximize tumor cell death, leading to decreased development of androgen resistant PC.

Although OVT for PC is promising, there is still a long way to go. One major obstacle is
the ethical concern of using a live virulent strain of virus in a patient. Other major obstacles
for this form of therapy are: i) the host range of the virus (i.e., the virus’ function to
successfully adsorb and/or enter target cells); ii) safety risks involved in using modified
September 2020 Volume 25: 1-10 Undergraduate Review Article ¢ Not refereed
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viruses (e.g., vulnerability to elderly or immunocompromised, non-specific targeting, and
elimination of OVs from host); and, iii) the varying mutation rates associated with viruses
(e.g., low mutations with adenovirus, high mutations rates with Newcastle virus). The biggest
constraint with OVT is the host’s adaptive immune response, as many hosts develop working
immunological protection to the OV, reducing its effectiveness after one dose. However,
several strategies and solutions already exist to minimize or circumvent many of these
limitations, supporting OVT as a viable option and powerful tool in the fight against cancer.
OVT may play an emerging role in the PC in limiting not only developed countries, but also
developing countries, but more research and clinical trials will have to be done [2, 51].

ACKNOWLEDGEMENTS

I would like to thank MICB 406 peers for their feedback and comments through the course, as
they have been very constructive. I would like to thank especially Dr. Frangois Jean for his
guidance and sage advice throughout the development of my research project.

REFERENCES

1. Fukuhara H, Homma Y, Todo T. Oncolytic Virus Therapy for Prostate Cancer. International
Journal of Urology : Official Journal of the Japanese Urological Association. 2010;17(1):20-
30. Epub 2009/10/17. doi: 10.1111/j.1442-2042.2009.02383.x. PubMed PMID: 19832925.

2. Fukuhara H, Ino Y, Todo T. Oncolytic Virus Therapy: A New Era of Cancer Treatment at
Dawn. Cancer Science. 2016;107(10):1373-9. Epub 09/09. doi: 10.1111/cas.13027. PubMed
PMID: 27486853.

3. BrayF, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global Cancer statistics
2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 cancers in 185
Countries. CA: A Cancer Journal for Clinicians. 2018;68(6):394-424. doi:
10.3322/caac.21492.

4. Litwin MS, Tan HJ. The Diagnosis and Treatment of Prostate Cancer: A Review. Jama.
2017;317(24):2532-42. Epub 2017/06/28. doi: 10.1001/jama.2017.7248. PubMed PMID:
28655021.

5. Sumanasuriya S, De Bono J. Treatment of Advanced Prostate Cancer-A Review of Current
Therapies and Future Promise. Cold Spring Harbor Perspectives in Medicine. 2018;8(6). Epub
2017/11/05. doi: 10.1101/cshperspect.a030635. PubMed PMID: 29101113.

6. Nevedomskaya E, Baumgart SJ, Haendler B. Recent Advances in Prostate Cancer Treatment
and Drug Discovery. International Journal of Molecular Sciences. 2018;19(5):1359. doi:
10.3390/ijms19051359. PubMed PMID: 29734647.

7. Luo Q, Egger S, Yu XQ, Smith DP, O'Connell DL. Validity of Using Multiple Imputation for
"Unknown" Stage at Diagnosis in Population-Based Cancer Registry Data. PLoS One.
2017;12(6):¢0180033. Epub 2017/06/28. doi: 10.1371/journal.pone.0180033. PubMed PMID:
28654653; PubMed Central PMCID: PMCPMC5487067

8. Davis KM, Kelly SP, Luta G, Tomko C, Miller AB, Taylor KL. The Association of Long-
Term Treatment-Related Side Effects with Cancer-Specific and General Quality of Life among
Prostate Cancer Survivors. Urology. 2014;84(2):300-6. Epub 06/26. doi:
10.1016/j.urology.2014.04.036. PubMed PMID: 24975711.

9. Jayadevappa R, Chhatre S, Wong Y-N, Wittink MN, Cook R, Morales KH, et al. Comparative
Effectiveness of Prostate Cancer Treatments for Patient-Centered Outcomes: A Systematic
Review and Meta-analysis (PRISMA Compliant). Medicine. 2017;96(18):¢6790-e. doi:
10.1097/MD.0000000000006790. PubMed PMID: 28471976.

10. Roth AJ, Weinberger MI, Nelson CJ. Prostate Cancer: Psychosocial Implications and
Management. Future Oncology (London, England). 2008;4(4):561-8. doi:
10.2217/14796694.4.4.561. PubMed PMID: 18684066.

11. Gay HA, Sanda MG, Liu J, Wu N, Hamstra DA, Wei JT, et al. External Beam Radiation
Therapy or Brachytherapy With or Without Short-course Neoadjuvant Androgen Deprivation
Therapy: Results of a Multicenter, Prospective Study of Quality of Life. International Journal
of Radiation Oncology, Biology, Physics. 2017;98(2):304-17. Epub 2017/05/04. doi:
10.1016/j.ijrobp.2017.02.019. PubMed PMID: 28463150; PubMed Central PMCID:
PMCPMC5493021.

12. Smith MR, Lee WC, Brandman J, Wang Q, Botteman M, Pashos CL. Gonadotropin-Releasing
Hormone Agonists and Fracture Risk: a Claims-Based Cohort Study of Men with
Nonmetastatic Prostate Cancer. Journal of Clinical Oncology : Official Journal of the
American Society of Clinical Oncology. 2005;23(31):7897-903. Epub 2005/11/01. doi:
10.1200/jc0.2004.00.6908. PubMed PMID: 16258089.

13. Saad F, Adachi JD, Brown JP, Canning LA, Gelmon KA, Josse RG, et al. Cancer Treatment-
Induced Bone Loss in Breast and Prostate Cancer. Journal of Clinical Oncology : Official

September 2020 Volume 25: 1-10 Undergraduate Review Article ¢ Not refereed

UJEMI

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



Duke Sheen UJEMI

Journal of the American Society of Clinical Oncology. 2008;26(33):5465-76. Epub
2008/10/29. doi: 10.1200/jc0.2008.18.4184. PubMed PMID: 18955443.

14. Diamond T, Campbell J, Bryant C, Lynch W. The Effect of Combined Androgen Blockade on
Bone Turnover and Bone Mineral Densities in Men Treated for Prostate Carcinoma:
Longitudinal Evaluation and Response to Intermittent Cyclic Etidronate Therapy. Cancer.
1998;83(8):1561-6. Epub 1998/10/22. PubMed PMID: 9781950.

15. Krupski TL, Smith MR, Lee WC, Pashos CL, Brandman J, Wang Q, et al. Natural History of
Bone Complications in Men with Prostate Carcinoma Initiating Androgen Deprivation
Therapy. Cancer. 2004;101(3):541-9. Epub 2004/07/27. doi: 10.1002/cncr.20388. PubMed
PMID: 15274067.

16. Frisk J. Managing Hot Flushes in Men after Prostate Cancer--a Systematic Review. Maturitas.
2010;65(1):15-22. Epub 2009/12/08. doi: 10.1016/j.maturitas.2009.10.017. PubMed PMID:
19962840.

17. Gong J, Sachdev E, Mita AC, Mita MM. Clinical Development of Reovirus for Cancer
Therapy: An Oncolytic Virus with Immune-Mediated Antitumor Activity. World Journal of
Methodology. 2016;6(1):25-42. Epub 2016/03/29. doi: 10.5662/wjm.v6.i1.25. PubMed PMID:
27019795; PubMed Central PMCID: PMCPMC4804250.

18. Sweeney K, Halldén G. Oncolytic Adenovirus-Mediated Therapy for Prostate Cancer.
Oncolytic Virotherapy. 2016;5:45-57. doi: 10.2147/0V.S63047. PubMed PMID: 27579296.

19. Wong HH, Lemoine NR, Wang Y. Oncolytic Viruses for Cancer Therapy: Overcoming the
Obstacles. Viruses. 2010;2(1):78-106. doi: 10.3390/v2010078. PubMed PMID: 20543907.

20. Lopez-Cortés A, Guerrero S, Redal MA, Alvarado AT, Quifiones LA. State of Art of Cancer
Pharmacogenomics in Latin American Populations. International Journal of Molecular
Sciences. 2017;18(6):639. doi: 10.3390/ijms18060639. PubMed PMID: 28545225.

21. Crona DJ, Whang YE. Androgen Receptor-Dependent and -Independent Mechanisms Involved
in Prostate Cancer Therapy Resistance. Cancers. 2017;9(6):67. doi: 10.3390/cancers9060067.
PubMed PMID: 28604629.

22. GandhiJ, Afridi A, Vatsia S, Joshi G, Joshi G, Kaplan SA, et al. The Molecular Biology of
Prostate Cancer: Current Understanding and Clinical Implications. Prostate Cancer and
Prostatic Diseases. 2018;21(1):22-36. doi: 10.1038/s41391-017-0023-8.

23. Fradet Y, Klotz L, Trachtenberg J, Zlotta A. The Burden of Prostate Cancer in Canada.
Canadian Urological Association journal. 2009;3(3 Suppl 2):592-S100. PubMed PMID:
19543427.

24. Hamilton W, Sharp DJ, Peters TJ, Round AP. Clinical Features of Prostate Cancer before
Diagnosis: a Population-Based, Case-Control Study. The British Journal of General Practice :
the Journal of the Royal College of General Practitioners. 2006;56(531):756-62. PubMed
PMID: 17007705.

25. Helgstrand JT, Roder MA, Klemann N, Toft BG, Lichtensztajn DY, Brooks JD, et al. Trends
in Incidence and 5-year Mortality in Men with Newly Diagnosed, Metastatic Prostate Cancer-
A Population-Based Analysis of 2 National Cohorts. Cancer. 2018;124(14):2931-8. Epub
2018/05/04. doi: 10.1002/cncr.31384. PubMed PMID: 29723398.

26. Kohrt HE, Thielens A, Marabelle A, Sagiv-Barfi I, Sola C, Chanuc F, et al. Anti-KIR
Antibody Enhancement of Anti-Lymphoma Activity of Natural Killer Cells as Monotherapy
and in Combination with Anti-CD20 Antibodies. Blood. 2014;123(5):678-86. Epub
2013/12/12. doi: 10.1182/blood-2013-08-519199. PubMed PMID: 24326534; PubMed Central
PMCID: PMCPMC3907754.

27. Nijhof IS, Lammerts van Bueren JJ, van Kessel B, Andre P, Morel Y, Lokhorst HM, et al.
Daratumumab-Mediated Lysis of Primary Multiple Myeloma Cells is Enhanced in
Combination with the Human Anti-KIR Antibody IPH2102 and Lenalidomide.
Haematologica. 2015;100(2):263-8. Epub 2014/12/17. doi: 10.3324/haematol.2014.117531.
PubMed PMID: 25510242; PubMed Central PMCID: PMCPMC4803142.

28. Romagne F, Andre P, Spee P, Zahn S, Anfossi N, Gauthier L, et al. Preclinical
Characterization of 1-7F9, a Novel Human Anti-KIR Receptor Herapeutic Antibody that
Augments Natural Killer-Mediated Killing of Tumor Cells. Blood. 2009;114(13):2667-77.
Epub 2009/06/26. doi: 10.1182/blood-2009-02-206532. PubMed PMID: 19553639; PubMed
Central PMCID: PMCPMC2756126.

29. Ribas A, Dummer R, Puzanov I, VanderWalde A, Andtbacka RHI, Michielin O, et al.
Oncolytic Virotherapy Promotes Intratumoral T Cell Infiltration and Improves Anti-PD-1
Immunotherapy. Cell. 2017;170(6):1109-19.e10. Epub 2017/09/09. doi:
10.1016/j.cell.2017.08.027. PubMed PMID: 28886381.

30. Fujimoto N, Miyamoto H, Mizokami A, Harada S, Nomura M, Ueta Y, et al. Prostate Cancer
Cells Increase Androgen Sensitivity by Increase in Nuclear Androgen Receptor and Androgen
Receptor Coactivators; a Possible Mechanism of Hormone-Resistance of Prostate Cancer
Cells. Cancer Investigation. 2007;25(1):32-7. Epub 2007/03/17. doi:
10.1080/07357900601130698. PubMed PMID: 17364555.

31. Pechl DM. Basic Science of Hormonal Therapy for Prostate Cancer. Reviews in Urology.
2001;3 Suppl 3(Suppl 3):S15-S22. PubMed PMID: 16986004.

32. Takezawa Y, Izumi K, Machioka K, Iwamoto H, Naito R, Makino T, et al. Crosstalk Between
Androgen-Sensitive and Androgen-Insensitive Prostate Cancer Cells. Anticancer research.

September 2020 Volume 25: 1-10 Undergraduate Review Article ¢ Not refereed https://jemi.microbiology.ubc.ca/



Duke Sheen UJEMI

2018;38(4):2045-55. Epub 2018/03/31. doi: 10.21873/anticanres.12444. PubMed PMID:
29599322.

33. Alhanafy AM, Zanaty F, Ibrahem R, Omar S. Prognostic Factors for Hormone Sensitive
Metastatic Prostate Cancer: Impact of Disease Volume. Asian Pacific Journal of Cancer
Prevention : APJCP. 19(4):1113-8. doi: 10.22034/APJCP.2018.19.4.1113. PubMed PMID:
29699372.

34. Kupelian PA, Mahadevan A, Reddy CA, Reuther AM, Klein EA. Use of Different Definitions
of Biochemical Failure after External Beam Radiotherapy Changes Conclusions about Relative
Treatment Efficacy for Localized Prostate Cancer. Urology. 2006;68(3):593-8. Epub
2006/09/19. doi: 10.1016/j.urology.2006.03.075. PubMed PMID: 16979731.

35. Scher HI, Solo K, Valant J, Todd MB, Mechra M. Prevalence of Prostate Cancer Clinical States
and Mortality in the United States: Estimates Using a Dynamic Progression Model. PloS one.
2015;10(10):¢0139440-¢. doi: 10.1371/journal.pone.0139440. PubMed PMID: 26460686.

36. Paller CJ, Antonarakis ES. Management of Biochemically Recurrent Prostate Cancer after
Local Therapy: Evolving Standards of Care and New Directions. Clinical Advances in
Hematology & Oncology : H&O. 2013;11(1):14-23. PubMed PMID: 23416859.

37. Rud O, Peter J, Kheyri R, Gilfrich C, Ahmed AM, Boeckmann W, et al. Subcapsular
Orchiectomy in the Primary Therapy of Patients with Bone Metastasis in Advanced Prostate
Cancer: an Anachronistic Intervention? Advances in Urology. 2012;2012:190624-. Epub
09/14. doi: 10.1155/2012/190624. PubMed PMID: 21922019.

38. Maughan BL, Antonarakis ES. Androgen Pathway Resistance in Prostate Cancer and
Therapeutic Implications. Expert Opinion on Pharmacotherapy. 2015;16(10):1521-37. Epub
06/12. doi: 10.1517/14656566.2015.1055249. PubMed PMID: 26067250.

39. Kaya E, Feuer D. Prostate Cancer: Palliative Care and Pain Relief. Prostate Cancer Prostatic
Dis. 2004;7(4):311-5. Epub 2004/09/10. doi: 10.1038/sj.pcan.4500747. PubMed PMID:
15356678.

40. Madan RA, Gulley JL. Prostate Cancer Immunotherapy: the Path Forward. Current Opinion in
Supportive and Palliative Care. 2017;11(3):225-30. Epub 2017/06/24. doi:
10.1097/spc.0000000000000278. PubMed PMID: 28644303.

41. Hurwitz M. Chemotherapy in Prostate Cancer. Current Oncology Reports. 2015;17(10):44.
Epub 2015/07/29. doi: 10.1007/511912-015-0468-7. PubMed PMID: 26216506.

42. Saad F, Asselah J. Chemotherapy for Prostate Cancer: Clinical Practice in Canada. Canadian
Urological Association Journal. 2013;7(1-2 Suppl 1):S5-S10. PubMed PMID: 23682304.

43. Wallace TJ, Torre T, Grob M, Yu J, Avital I, Briicher B, et al. Current Approaches, Challenges
and Future Directions for Monitoring Treatment Response in Prostate Cancer. Journal of
Cancer. 2014;5(1):3-24. doi: 10.7150/jca.7709. PubMed PMID: 24396494.

44. Taguchi S, Fukuhara H, Homma Y, Todo T. Current Status of Clinical Trials Assessing
Oncolytic Virus Therapy for Urological Cancers. International Journal of Urology : Official
Journal of the Japanese Urological Association. 2017;24(5):342-51. Epub 2017/03/23. doi:
10.1111/iju.13325. PubMed PMID: 28326624.

45. Rowe WP, Huebner RJ, Gilmore LK, Parrott RH, Ward TG. Isolation of a Cytopathogenic
Agent from Human Adenoids Undergoing Spontaneous Degeneration in Tissue Culture.
Proceedings of the Society for Experimental Biology and Medicine Society for Experimental
Biology and Medicine (New York, NY). 1953;84(3):570-3. Epub 1953/12/01. PubMed PMID:
13134217.

46. Baker AT, Aguirre-Hernandez C, Halldén G, Parker AL. Designer Oncolytic Adenovirus:
Coming of Age. Cancers. 2018;10(6):201. doi: 10.3390/cancers10060201. PubMed PMID:
29904022.

47. Freytag SO, Stricker H, Pegg J, Paielli D, Pradhan DG, Peabody J, et al. Phase I Study of
Replication-Competent Adenovirus-Mediated Double-Suicide Gene Therapy in Combination
with Conventional-Dose Three-Dimensional Conformal Radiation Therapy for the Treatment
of Newly Diagnosed, Intermediate- to High-Risk Prostate Cancer. Cancer Research.
2003;63(21):7497-506. Epub 2003/11/13. PubMed PMID: 14612551.

48. Heinlein CA, Chang C. Androgen Receptor in Prostate Cancer. Endocrine Reviews.
2004;25(2):276-308. doi: 10.1210/er.2002-0032.

49. D'Anjou F, Routhier S, Perreault J-P, Latil A, Bonnel D, Fournier I, et al. Molecular
Validation of PACE4 as a Target in Prostate Cancer. Translational oncology. 2011;4(3):157-
72. PubMed PMID: 21633671.

50. Nakazawa M, Paller C, Kyprianou N. Mechanisms of Therapeutic Resistance in Prostate
Cancer. Current Oncology Reports. 2017;19(2):13-. doi: 10.1007/s11912-017-0568-7. PubMed
PMID: 28229393.

51. Russell L, Peng K-W. The Emerging Role of Oncolytic Virus Therapy Against Cancer. Chin
Clin Oncol. 2018;7(2):16-. doi: 10.21037/cc0.2018.04.04. PubMed PMID: 29764161.

52. Solo K, Mehra M, Dhawan R, Valant J, Scher HI. Prevalence of Cancer (PC) Clinical States
(CS) in the United States: Estimates using a Dynamic Progression Model. Journal of Clinical
Oncology. 2011;29(15_suppl):4637-. doi: 10.1200/jc0.2011.29.15_suppl.4637. PubMed
PMID: 28023955.

53. Scher HI, Morris MJ, Basch E, Heller G. End Points and Outcomes in Castration-Resistant
Prostate Cancer: from Clinical Trials to Clinical Practice. Journal of Clinical Oncology :

September 2020 Volume 25: 1-10 Undergraduate Review Article ¢ Not refereed https://jemi.microbiology.ubc.ca/



Duke Sheen UJEMI

Official Journal of the American Society of Clinical Oncology. 2011;29(27):3695-704. Epub
08/22. doi: 10.1200/JC0O.2011.35.8648. PubMed PMID: 21859988.

54. Kim SC, Jeong I, Song C, Hong JH, Kim C-S, Ahn H. Biochemical Recurrence-Free and
Cancer-Specific Survival after Radical Prostatectomy at a Single Institution. Korean Journal of
Urology. 2010;51(12):836-42. Epub 12/21. doi: 10.4111/kju.2010.51.12.836. PubMed PMID:
21221203.

55. Hahn AW, Higano CS, Taplin M-E, Ryan CJ, Agarwal N. Metastatic Castration-Sensitive
Prostate Cancer: Optimizing Patient Selection and Treatment. American Society of Clinical
Oncology Educational Book. 2018;(38):363-71. doi: 10.1200/edbk_200967. PubMed PMID:
30231388.

September 2020 Volume 25: 1-10 Undergraduate Review Article ¢ Not refereed https://jemi.microbiology.ubc.ca/ 10



