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Vaccine Therapy for the Prostate Cancer

Prostat Kanserinde Asi Tedavileri
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/ABSTRACT

The aim of using vaccine in the treatment of prostate cancer (Pca) is
to activate immune response against malignant cells by overcoming
the tolerance triggered by the tumor. Vaccine therapies are effective by
using the immune response against cancer. The first oncological vaccine
therapy ever published in the literature belongs to Coley dating back to
1893. In that study, it has been demonstrated that inoperable soft tissue
sarcomas were regressed by stimulating non-specific immune response
with streptococcal toxins. Not every type of cancer is suitable for vaccine
therapy. For a vaccine therapy to be implemented, the cancer should have
a slow progression, it should be immunogenic, and contain tissue-specific
proteins. For that reason, studies regarding urological cancers, most of
which are phase 1/2 and phase 3, are focused on the kidneys and the
prostate. Although vaccine therapy in oncological diseases dates back to
old times, studies have only been intensified recently. In this compilation,
we will discuss vaccine therapies that are being used in prostate cancer,
which urologists are not so familiar with, in the light of the up-to-date
literature.

Key Words

Qrostate cancer, vaccine therapy, immunotherapy

OzET \

Prostat kanserinin (Pca) tedavisinde asi kullaniminin amaci tlimériin
tetikledigi toleransi yenerek malign hiicrelere karsi olusan immiin cevabi
aktive etmektir. Asi tedavileri kansere karsi immiin cevabi kullanarak etki
gosterir. Literatlir de yayinlanan ilk onkolojik asi tedavisi 1893 yilinda
Coley tarafindan yaymlanmistir. Bu calisma da inoperable yumusak
doku sarkomlarinin streptokokal toksinler ile non-spesifik immiin cevap
olusturularak regrese oldugu gosterilmistir. Her kanser cesitinde as
tedavileri uygun degildir. Asi tedavisinin uygulanabilmesi icin; kanserin
yavas ilerlemesi, immminojenik olmasi, dokuya 6zgii proteinler icermesi
gereklidir. Bu nedenle tirolojik kanserler i¢inde ¢cogu faz 1/2 ve faz 3 olmak
lizere calismalar bobrek ve prostat lizerine yogunlasmistir. Onkolojik
hastaliklarda asi tedavileri eskiye dayanmasina ragmen ozellikle calismalar
son dénem de yogunlasmistir. Bizde bu derlemede iiroloji hekimlerinin cok
asina olmadigl, glincel literatiir esliginde prostat kanserinde kullanilan asi
tedavilerinden bahsedecegiz.

Anahtar Kelimeler

Prostat kanseri, asi tedavisi, immiinoterapi

/

How is Cancer Immune Response Formed?

When the cancer cells first start to multiply, macrophages phagocyte
the cancer cells while other cancer cells occupy the nearby tissues and
cells. Macrophages digest the cancer cells and demonstrate antigenic
parts of cancer cells on the surface. After that by connecting to the
microphages (dendritic cells), T helper cells recognize the presented
antigens and this connection causes the release of many cytokines
from both cells. Thus, antigen presentation as an immune response
to cancer takes place. The released cytokines induce the formation
of more cytokines and antibodies by inducing especially the IL-2,
T helper, cytotoxic T and B cells. Induced cytotoxic T cells headed
towards the cancer cells which are carrying the same antigen start
to form holes on these. Thus, a cytotoxic effect towards cancer is
demonstrated. Finally, antibodies released from B cells connect to free
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floating cancer cells, and thus, a target to destroy is shown to the
microphages, and complement system is activated. When the cancer
cells are under control, B and T cells are passivated by suppressor T
cells. Stored T and B Cells stay ready in order to provide quick response
in case antigens for cancer cells are observed (1,2).

Vaccine Platforms

Used vaccine treatments can be divided into main titles as the
following (3);

- Tumour cells (autologous and allogenic)

- Dendritic cell

- DNA

- Viral vector
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- Protein/peptide
- Immune regulators

Immunotherapy in Prostate Cancer

GVAX: Tumour Cell Vaccine (Intradermal)

Allogenic prostate cancer (PCa) cells are used as immunotherapy
vectors in this tumour vaccine. It is formed by two PCa cell series
called PC3 and LNCaP.

LNCaP: Cancer cells with lymph node metastasis secrete many
prostate surface antigens including prostate-specific antigen/
prostate-specific membrane antigen (PSA/PSMA).

PC-3: These are androgen-resistant cells obtained from bone
metastasis (4).

Normally, cancer cells are not immunogenic. The cells are genetically
modified by applying radiation and adenoviral transfer to PC-3 and
LNCaP cell series. These cells take effect inhibiting the division of
cancer cells with cytokines secreted by becoming immune active (5,6).

Simons et al. (phase 2 study) followed up 24 patients with castration-
resistant prostate cancer (CRPC) for two years giving high-dose
and love-dose GVAX treatment and found that the high dose group
survival was 70% compared to the 41% survival rate in low-dose
survival group (7). Average survival was 26.2 months in a phase 2
study on 55 metastatic CRPC patients, 23.1 months in low-dose group
in phase 2 study on 80 metastatic CRPC patients and 35 months in
high-dose group and, it was detected that GVAX treatment was safe
and tolerated. Autoimmune toxicity was not present in the patients
and it was observed that high-dose treatment was more effective
on survival. The most common treatment-based side effects were
fatigue, myalgia, arthralgia, and infection-site reaction (8,9). After
that, phase 3 studies for GVAX were started. In a phase 3 VITAL 1
study, 626 asymptomatic CRPC patients not having chemotherapy
but randomized docetaxel/prednisone branches were evaluated for
survival period. However, it was observed that 279 patients died
during follow-up. As the recovery rate in survival analysis, which was
the main target of the study, was lower than 300, the study was
stopped (10).

In a phase 3 VITAL 2 study, as higher death rate (67% and 47%)
was observed in the group of 600 symptomatic CPRC patients with
randomized docetaxel/prednisone branches, this study was also
stopped (11).

Sipuleucel-T (Provenge): Dendritic Cell Vaccine

Autologous dendritic cells are used as vaccine. The enzyme located
in the prostate cell membrane is dendritic cell-based vaccine with
cytotoxic effect on prastatic acid phosphatase (PAP).

It is based on taking mononuclear cells (monocyte and lymphocyte)
from the peripherical blood of patients with plasmapheresis-
leukopheresis and incubation with prostatic acid phosphatase (PAP)
which is the target antigen and granulocyte macrophage colony
stimulating factor (GM-CSF) (12). Cells presenting antigen sensitivized
by modified PAP have an anti-tumor effect against PAP producing
PCa cells (13,14).

Infusion is made three days after leukapheresis. Slow infusion in
an hour and 3 leukapheresis sessions at most in a month should be
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applied. As the treatment is immunogenic, pre-treatment antipyretic
and antihistaminic premedication is recommended. Common side
effects include: feeling cold (54.1%), weakness (39.1%), fever (29.3%),
nausea (28.1%), and back ache (13,14).

In a phase 3 study, 127 patients with metastatic asymptomatic PCa
were divided into sipuleucel-T and placebo branches and, at the end, it
was observed that there was no difference between the groups when
disease and pain development was considered, but an important
advantage was observed in sipuleucel-T branch in 3-year survival (15).

In a similar phase 2 study, 98 patients with metastatic PCa were
randomized in sipuleucel-T and placebo branches. In this study, no
advantage was found in 3-year survival in sipuleucel-T branch (16). In
post-hoc analysis of these two studies (225 patients), average survival
period was reported to be 23.2 months in sipuleucel-T branch while it
was 18.9 months in placebo branch (17).

In FDA controlled phase 3 IMPACT study in which 75 centres were
included, 512 asymptomatic or minimal symptomatic metastasic CRPC
patients were separated into placebo (171 patient) and Sipuleucel-T
(341 patients) branches and patients were followed for 34.1 months
in average. Decrease in relative death risk was determined as 22% in
medicine branch. Average survival was observed as 25.8 months in
medicine branch and 21.7 months in placebo branch. 4.1 months of
survival advantage was detected in medicine branch. Although the 3
year total survival was 38% more than placebo, it was reported that
the medicine had no effect on the time passing up to progression.
After this study Sipuleucel-T FDA consent was taken (16,18).

Disadvantages of Sipuleucel-T treatment: They can be listed as
having no effect on the time passing up to progression, the possibility
of late regression in secondary PSA to immune response time, inability
to effectively follow the patients with PSA and progression response
for these reasons and the cost of 3 leukopheresis sessions being
93000 USD and not being docataxel compared study.

Advantages of Sipuleucel-T treatment: They were observed as
general survival advantage, good tolerability, short treatment duration
(30 days), not prohibiting treatment which may be applied after as in
chemotherapy, mild side effect profile (4).

In 2015 National Institute for Health and Care Excellence (NICE) stated
that asymptomatic or minimal symptomatic CRPC usage instead of
Sipuleucel-T's usage in metastasic patients is more appropriate (19).

Prostvac VF-Tricom: Viral Vector Vaccine

The aim of this vaccine is activating a stronger immune system
activation by synthesizing high amount of prostate cancer cell or
antigen by viral vectors. The vaccine called Prostvac was formed by
synthesizing from the combination of flower viruses and recombinant
PSA with heterologous prime-boost strategy (16). A more immugenic
vaccine called TRICOM was formed by using viral DNA plasmids with
the combination of three stimulator proteins CD80, intracellular
adhesion molecule-3 (IAM3) and leukocyte function antigen-3 (LFA3)
(20).

No toxicity was observed in four weeks in the phase 1 study made and
8 week PSA stabilization was observed in 40% of the cases (21). In
phase 2 study, 82 (42/40) metastasic CRPC patients were randomized
into placebo and prostvac branches and survival was observed as
25.1 months in survival medicine branch and 16.6 months in placebo
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branch (22). In a similar phase 2 study, survival was detected as
26.6 months in prostvac branch and 17.4 months in control branch
(23). Studies were continued when positive effects on survival were
observed. In different phase 2 studies Prostvac was reported as
being more effective in less aggressive and early stage cancer (24), a
significant decrease was determined in tumour growth speed in three
months in 50 non-metastasic prostate cancer patients (25). In Phase
1 study including ProstVac VF+ ipilimumab (increases T lymphocyte
requlation surrounding the tumour) treatment, it was reported that
the treatment was safe, tolerable and the average survival was more
than the prostvac monotherapy (26). The results of Phase 3 studies
in which Prostvac+GM-CSF combination is used and Prostvac and
docataxel treatment is compared are not determined yet.

A two-stage treatment was applied to Pca patients without apparent
metastasis in the current phase 2 study made and Prostvax+GM-CSF
treatment in the first stage and androgen ablation treatment in the
second stage was given. While pre-treatment median PSA velocity
was 0.13log(PSA)per month and PSA doubling time was 5.3 months,
PSA velocity was measured 0.09 log(PSA) per month and PSA doubling
time was measured 7.7 months. Complete response was reported
in 20 of 27 patients after two staged treatment. As the number of
patients is limited in this study and there is no control group, it is
limited to evaluate the success of the treatment (27).

DNA and RNA Based Vaccines

DNA-Prastatic Acid Phosphatase and DNA-Prostate Specific
Antigen: DNA-Based Vaccines

They contain genetic structure coded specifically for prostate specific
proteins. Plasmid DNA vaccine for PAP is called DNA-PAP (pTVG-HP/
PAP) and PSA producing DNA plasmid vaccine is called DNA-PSA
(pVAX] PSA) vaccine.

In the phase 1/2a study made, human PAP coding plasmic vaccine
(DNA-PAP) + GM-CSF was given to 22 non-metastasic PCA patients
with biochemical progression and PSA doubling time prolongation
and increase in PAP specific T lymphocyte response was determined
(28).

In phase 1 study which was made by giving DNA-PSA + GM-
CSF+IL-2 to nine CRPC patients, PSA specific significantly increased T
cell response and PSA doubling period prolongation in two out of five
patients given high dose were reported (29). In spite of these results,
use of DNA based vaccines are limited with potential low efficiency.

CV9103 and CV9104: mRNA vaccine (RNActive®)

It is a nucleotide based vaccine. Sufficient antigen expression
formation, autologous immune stimulation and flexibility in
production and application are positive characteristics of these
vaccines. In phase 1/2 studies, there are studies showing that CV9013
is well tolerated, makes immune-activation and CV9104 has positive
effect as neoadjuvant in high risk prostate cancer and CPRC patient
(30).

AdV-tk: Cytotoxic Immunotherapy with Gene Agent

It includes the inner tumour application of adenovirus coded with
thymidine kinase which is a herpes simplex virus enzyme. Tumour
cells with transduction become over sensitive with valaciclovir (VCV)

and ganciclovir (GCV). These medicines especially effect the neighbour
cells which reproduce quickly afterwards (local bystander effect). They
immunologically attack systematic metastasises and protect against
tumour recurrence (systemic bystander effect) (31).

In Phase 1-2 study made with 23 local advanced Pca patients, safety
and treating potential of AdV-tk was tested before the prostatectomy
and AdV-tk was injected intraprostatically and prostatectomy
was made 2-4 weeks after the 2 week GCV treatment. As a result,
significant CD8+T lymphocyte increase in blood and resected prostate
tissue was detected and no change in CD4+T lymphocyte, natural
killer level and no significant recovery in biochemical PSA recurrence
and prognosis was observed. Adv-tk-based and chemotherapy
combination therapies have not been completely researched clinically
(32).

In Phase I/Il study made AdV-tk and combined radiotherapy (RT) was
applied to patients with prostate cancer, the patients were separated
in three categories with 4 patients in each as 29 patients with low
risk (stage T1-T2a, Gleason score <7), 26 patients with high risk
(stage T2b-T3, Gleason score >6) and 44 patients with D1 disease.
Average follow-up period in the study was more than 13 months. It
was observed that PSA levels were under control in all low risk and
high risk patients. But in three of D1 patients, biochemical failure was
detected (33). Phase 3 study “ProstAtak™" including medium-high
risk localized prostate cancer patients with placebo controlled, AdV-
tk+radiotherapy combinations application still goes on.

Main studies with vaccine treatment in prostate cancer and continuing
studies are summarized in Table 1 and Table 2.

Immune Regulators

Anti-CTLA-4 Antibody “Ipilimumab” and “Tremelimumab":
Checkpoint Inhibitor (Checkpoint Blocking Antibodies)

As cytotoxic T-lymphocyte antigen-4 (CTLA- 4 ) is the T cell activation
negative regulator,Anti-CTLA-4 antibody "Ipilimumab" is started to be
used as target treatment in cancer immunotherapy. It shows effect
by providing tumour regression by T cell activation and proliferation
(34,35).

In Phase 1-2 study on 50 patients in which monotherapy and
radiotherapy are applied together, average survival period was
measured as 17.4 months, complete response from 3.6% of the
patients and partial response from 7.1% of the patients were taken
and stabile disease in 21.49% and PSA decrease over 50% in 16%
of the patients were observed (36). Significant PSA decrease and
objective clinical response were observed in phase 1 studies made
by combining GM-CSF GVAX and Prostvac (37). Ipilimumab and
placebo was applied (399/400) to metastasic CRPC patients who
had progressed radiotherapy after docataxel chemotherapy in phase
3 study made with 799 patients and average survival was detected
as 11.2 months in medicine group and 10 months in placebo group.
Survival period without progression was found statistically significant
when compared to the placebo branch (4/3.1 months, p<0.001)
(38). Common side effects were weakness, rash, itching, vomiting,
constipation and weight loss and it was stated that adrenal deficiency,
hepatitis and autoimmune colitis were observed when evaluated
immunologically (37,38).
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N/E: not evaluated, CT (-) mCRPC: chemotherapy negative metastasic castration resistant prostate cancer, nCRPC: metastasic castration resistant prostate cancer, CRPC: castration resistant prostate cancer PC: prostate cancer,

PSA:prostate specific antigen, PAP:prostatic acid phosphatase, GM-CSF: granulocyte macrophage colony stimulating factor, MS: median survival, MI: myocardium infarction, TTP:thrombotic thrombocytopenic purpura, IL-2:1.

interleukin 2, SE: side effect, RT: radiotherapy, CT: chemotherapy

Another Anti-CTLA-4 antibody "Tremelimumab” was evaluated
in phase 1 study in 11 patients with biochemical recurrence and
although the safety profile was good no significant oncological data
was obtained (39).

Anti-PD-1 (Programmed Death)/PD-L1: Checkpoint Inhibitor
(Checkpoint Blocking Antibodies)

As they are also effective on B lymphocyte and Natural killer cells
together with Anti-PD-1 T lymphocytes, they have a wider effect
compared to Anti-CTLA-4 antibody. PD1is an immune system blocking
antibody. For this reason Anti-PD-1 shows antitumour effect. PD-L1 is
the ligand of PD-1. Anti-PD-1 (programmed death) “Nivolumab" was
given to 17 CRPC patients in phase 1 study made and no objective
response related to medicine was observed in patients (38,40). It was
observed that PD-L1 was expressed low in CRPC patients (40). In study
made using PD-1/PD-L1, it was observed that objective response was
received in different cancer types. Phase 1b/2 studies (NCT01420965,
NCT00730639) in prostate cancer are still continued (38).

Studies made on check point inhibitors and continuing studies are
summarized in Table 3 and Table 4.

Anti-0X40, anti-Her-2/neu (MDXH210), anti-TAG (mAb CC49), anti-
PSMA (trastuzumab, rituximab) and similar medicines show anti-
tumoural effect by the passive immunization provided by monoclonal
antibodies (40).

Result

Together with cytoreductive treatments, vaccine treatments have an
effective potential lengthening general survival, decreasing tumour
load in long term and increasing cancer development (38,41,42). As the
results in the studies made so far are positive, combining radiotherapy,
chemotherapy or new antiandrogens and immunotherapy in order to
be used for metastasic CRPC patients especially and the early stage
in prostate cancer will be a more commonly applied modality in the
future. But other clinical data and studies to support this are still
needed.
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Table 2. Continuing studies on the prostate cancer vaccinations (except immune regulatory agents)

Study Treatment Agent Phase Aim of the Study

NCT01057810 Prostvac-VF Il GM-CSF+ vs GM-CSF- survival comparison

NCT00450463 Prostvac-VF Il Disease progression comparison of Flutamide+Prostvac vs Flutamide branches

NCT01688492 DNA-PAP 1 GM-CSF + DNA-PAP comparison

NCT00849121 DNA-PAP Il Medicine safety and immunogenicity research

NCT01436968 AdV-tk Il AdV-tk+ RT vs. Placebo branches healthy survival comparison

NCT00715078 Sipuleucel-T Il Evaluation of CD54 increase with variable fusion protein (PAP2024) concentrations

NCT00715104 Sipuleucel-T I Evaluation of immune response in prostate tissue after neo-adjuvant application

NCT00901342 Sipuleucel-T I Immunity response evaluation of patients with metastasic prostate cancer

NCT00779402 Sipuleucel-T I Efficiency evaluation in early stage, nonmetastasic prostate cancer patients

NCT01306890 Sipuleucel-T I Cerebro vascular occurence risk evaluation after sipuleucel-T treatment CRPC patients

NCT01487863 Sipuleucel-T I Evaluation of consecutive and simultaneous application of abiraterone acetate +
prednisone treatment and Sipuleucel-T

NCT01431391 Sipuleucel-T Il Evaluation of the effects of ADT + Sipuleucel-T application in non-metastatic prostate
cancer on immune response

GM-CSF: granulocyte macrophage colony stimulating factor, CRPC: castration resistant prostate cancer, RT: radiotherapy, ADT: androgen deprivation treatment

Table 3. Studies made on check point inhibitors (37)

Study Treatment Agent Phase Number of  Patient Average  Results
patients Population survival

Small et al. 2007 Ipilimumab 14 mCRPC N/A Safe,

PSA decrease >5000:14.3%
Fong et al. 2009 Ipilimumab + GM-CSF | 6 mCRPC N/A Safe,

PSA decrease >50%:50%

RECIST criteria:

Partial response: 16.7%
Madan et al. 2012 Ipilimumab 30 mCRPC 34.4 Safe,

+PROSTVAC months PSA decrease >50%:50%

Van den Eertwegh et al. Ipilimumab+ GVAX 16 mCRPC 29.2 Safe,
2012 months PSA decrease 50%:50%
Slovin et al. 2013 Ipilimumab |-11 50 mCRPC 17.4 Safe,

months PSA decrease >50%:16%
RECIST criteria: 3.6% complete, 7.1%
partial response, 21.4% stable disease

Kwon et al. 2014 Ipilimumab 1l 799 CT- mCRPC 1.2 Average survival period according to
months placebo is statistically insignificant.
(11.2/10 months, p=0.053) Survival
period without progression is
statistically significant
(4 /3.1 months, p<0.001)

McNeel et al. 2012 Tremelimumab n PC with PSA N/A Safe, Psa doubling time no significant
recurrence after increase
local treatment

Topalian et al. 2012 Nivolumab | 17 CRPC N/A Safe, No objective response

N/A: not applicable, RECIST: response evaluation criteria, CT-mCRPC: post chemotherapy metastasic castration resistant prostate cancer, mCRPC: metastasic castration
resistant prostate cancer, PC: prostate cancer, PSA: prostate specific antigen, GM-CSF: granulocyte macrophage colony stimulating factor
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Table 4. Continuing studies on check point inhibitors (37)

Study Treatment Agent | Phase Number of Patient Population | Study branches Ending date
patients
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NCT01688492 Ipilimumab -1l 25 CT-mCRPC Ipilimumab - Abireteron 2015 September
NCT01804465 Ipilimumab Il 66 CT-mCRPC Ipilimumab - Sipuleucel T 2016 December
NCT01498978 Ipilimumab Il 30 mCRPC Ipilimumab 2018 December
NCT01420965 Pidilizumab Il 57 mCRPC Pidilizumab - Sipuleucel + 2018 December
(Anti-PD-1) cyclophosphamide
CT-mCRPC: post chemotherapy metastasic castration resistant prostate cancer, mCRPC: metastasic castration resistant prostate cancer, GM-CSF: granulocyte macrophage
colony stimulating factor
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