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Sipuleucel-T, an autologous cellular immunotherapy manufactured from antigen-presenting cells primed
to recognize prostatic acid phosphatase, was the first immunotherapy product approved by the US FDA.
It was approved for men with asymptomatic or minimally symptomatic metastatic castration-resistant
prostate cancer after it was shown to provide a survival advantage. Additional studies have examined its
use in other clinical settings and in combination with other approved and investigational immunotherapy
agents. This review will discuss the pivotal trials leading to approval, will outline some of the biomarkers
associated with its efficacy and will review some of the ongoing combination strategies. Maximizing the
efficacy of sipuleucel-T through better patient selection or through combination approaches remains the
challenge of the future.
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Prostate cancer is the most prevalent male cancer and the third most common cause of cancer death in men in the
USA (11. In 2017, it is estimated that approximately 11% of men (one in nine) will be diagnosed with prostate cancer
in their lifetime, and > 160,000 cases will be diagnosed in the USA this year [2]. At presentation, most of these men
will have disease that is localized to the prostate gland (3] which can be managed with active surveillance, radiation
therapy or radical surgery with no significant difference in survival (4. However, up to 50% of men receiving
definitive local therapy will subsequently develop biochemical recurrence evidenced by a rising prostate-specific
antigen (PSA) level [5,6]. Therapeutic options for biochemical recurrent disease vary based on patient and tumor
characteristics, particularly the PSA doubling time (7). Fewer will go on to develop metastatic disease, which is then
incurable [1]. Initially, metastatic prostate cancer is hormone sensitive and treated with androgen deprivation therapy
(ADT) or orchiectomy to achieve castrate levels of serum testosterone. Docetaxel and abiraterone with prednisone
can be added to the treatment paradigm for some patients in the hormone-sensitive space [8,9]. However, the disease
can continue to progress despite castrate levels of testosterone, a state known as castration-resistant prostate cancer
(CRPC). For CRPC, there are currently six therapies approved by the US FDA that prolong overall survival [10].
Exactly when and in what sequence to use these drugs is an area of active research [11]. Therapy choice can be
affected by the location of disease (i.e., presence of metastatic disease in the bones or presence of visceral /lymph node
disease) and the severity of symptoms related to the disease [11]. Sipuleucel-T is the only immune therapy currently
approved for prostate cancer by the FDA, and the first therapeutic vaccine to be approved for any cancer [10]. It was
FDA approved for asymptomatic or minimally symptomatic metastatic CRPC in 2010, and is manufactured by
Dendreon Corporation [12]. This review will focus on its development, current clinical use and future directions.

Background: therapy/pharmacology

Dendritic cells to treat cancer

The basic idea behind immunotherapy is to activate the host immune system, in the case of sipuleucel-T using

dendritic cells (antigen-presenting cells), for tumor control. Dendritic cells are the most powerful antigen-presenting .
cells in the human body and serve to stimulate B- and T-lymphocytes to modulate the body’s immune responses 131~ Future Ty
Dendritic cells were first identified in 1973 [14]. It was not until the 1990s that their use in cancer was established Medicine ™
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when studies in mice showed that dendritic cells could be removed from the host, activated ex vivo with tumor-
related antigens and replaced 77 vivo resulting in protection from tumor inoculation [15]. Similar studies were done
with ex vivo priming of autologous dendritic cells with human papillomavirus peptides (16] and with synthetic
peptides, with effective tumor response that was mostly driven by T-cell responses [17]. Subsequent research
demonstrated that immunity from developing tumors in mice with this method is specific to the tumor antigen
used ex vivo to stimulate the dendritic cells [18]. To further increase T-cell activation and subsequent tumor-specific
immune response, granulocyte-macrophage colony-stimulating factor (GM-CSF) was used in combination with
tumor-specific antigens with success [19,20].

Early pilot studies were performed in humans using ex vivo pulsed dendritic cells to treat follicular B-cell
lymphomas [21], multiple myeloma [22), melanoma (23] and carcinoembryonic antigen (CEA)-expressing cancers
including colon, breast, ovarian, pancreatic and ampullary cancers [24]. These early trials demonstrated that this
approach was safe, produced a tumor-specific immune response and demonstrated tumor activity against the
respective tumors [21-24].

Dendritic cell-based therapy for prostate cancer

In prostate cancer, the first step in development was to select a potential tumor-specific target. Prostatic acid
phosphatase (PAP) is a prostate-specific enzyme produced by prostatic tissue, first described in association with
prostate cancer in the 1930s [25]. It is overexpressed in prostate cancers with very little expression in other tissues
or organs [26], and was initially considered as a screening tool [27]. When used as a potential immune target, it
was shown 7z vitro that it could be combined with dendritic cells to induce cytotoxic T-lymphocytes, which then
were able to recognize and kill prostate cancer tumor cells [28). Further animal studies showed that when PAP
was conjugated with GM-CSF (the fusion protein, called PA2024), there were greater antigen-specific immune
responses [29].

For the initial human studies, patients had 1.5-2 blood volumes collected via leukapheresis to obtain dendritic
cell precursors which comprise about 1% of peripheral cells in whole blood 30]. The blood collection is then sent
to Dendreon Corporation where it is depleted of erythrocytes, granulocytes, platelets, low-density monocytes and
lymphocytes. What remain is only dendritic cell precursors which are then placed in culture media and incubated
with PA2024 for 36—40 h. It is then combined with 250 ml of lactated ringer’s solution to prepare for reinfusion
back to the patient. Quality measures are checked to ensure sterility and cell viability [20). It is then sent back to the
local oncologist’s infusion center and reinfused over 30 min into the patient over 30 min. The entire process from
blood volume collection to reinfusion is about 36—48 h long,.

Early-phase clinical trials

Small ez al. completed the early Phase I/1I studies which were done in men with minimally symptomatic or
asymptomatic (not requiring narcotic pain medication for treatment) bone-only metastatic CRPC in the Phase I
portion and 19 men with castration-resistant biochemical recurrence, without evidence of metastatic disease by
standard imaging, in the Phase II portion [29]. Participants were tested and enrolled if negative for HIV, hepatitis B,
hepatitis C and human T-cell leukemia virus type-1 (HTLV1). Furthermore, men on systemic corticosteroids or
other immunosuppressive agents were not eligible for these trials. Twelve men enrolled on the initial study. Product
potency was found to be most strongly correlated with the presence of CD54" cells, which are not specifically
dendritic cells but was associated with the antigen-presenting activity present in the samples so was established
as a surrogate measure of number of dendritic cells. T-cells, B-cells, monocytes and natural killer cells were also
present in the final product. The total number of nucleated cells per square millimeter was evaluated and the
planned dose escalation for the Phase I trial was between 0.2 x 10” cells and 2 x 107 cells/m?. The upper limit
was the maximum dose that could be manufactured. One dose was given every 4 weeks for a total of three doses
for the Phase I and II trials, with an additional booster dose given at week 24 if the patient had stable disease or
at least a partial response [29). There were no dose-limiting toxicities observed and the maximum dose able to be
manufactured was used in later-phase trials [29].

Administration
In the Phase III trials the dosing schedule was amended to once every 2 weeks for a total of three doses, and this
is the FDA-approved dose of sipuleucel-T. The product is infused via peripheral intravenous line over 30 min.
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Figure 1. Mechanism of action of sipuleucel-T.

Diphenhydramine and acetaminophen were also added 30 min prior to each infusion based on earlier trials, and

these are the recommended premedications in standard use [31-33].

Immune responses
In the initial Phase I and Phase II trials, all men developed T-cell responses to PA2024 (the antigen used in

co-culture of the dendritic cells) after a single dose of sipuleucel-T. There was a further increase in antigen-specific
T-cell response after the second dose compared with the first, but no further increase after the third dose when
compared with the second dose. There was also no difference in the degree of T-cell response dependent on dose
received. To evaluate if the immune response was a generalized increase in T-cell responsiveness compared with
antigen-specific, responses to influenza were tested and were not seen to be increased after treatment. In addition
to the T-cell responses, increases were seen in (IgM and IgG) antibody responses to PAP and GM-CSF [29]. The

mechanism of action of sipuleucel-T is illustrated in Figure 1.

Clinical efficacy
Efficacy was first evaluated in the original Phase I and II trials. Six of the men treated in the Phase I portion of the

original study by Small ez a/. were given the maximum dose which has since been used in all subsequent studies [29].
There were no radiographic responses noted in the six men with metastatic disease; however, three patients had
a decrease in PSA of >50% and three had a PSA response between 25 and 49% suggesting some anti-cancer
activity [29].

There were two subsequent and simultaneous small Phase III trials of sipuleucel-T (D9901 and D9902A),
published together as a joint analysis [31]. The primary end point of these trials was disease progression defined as
radiographic progression, pain related to bone disease or a clinical event like spinal cord compression. Patients with
visceral metastases were excluded from these trials. PSA progression was not included in the primary end point
and only 26% of patients had evaluable PSA responses (at least two PSA values at least 4 weeks apart). In both of
these studies, there was no difference in median time-to-clinical or radiographic progression between treatment and

Activated antigen-presenting cells
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placebo groups (p = 0.72). Overall survival was a planned analysis, and after all patients were followed for 3 years,
there was a 4.3 month improvement in overall survival (p = 0.01) favoring the treatment group [31].

This led to the pivotal trial, IMPACT, which subsequently resulted in FDA approval of sipuleucel-T. The
IMPACT trial was a larger Phase III trial with asymptomatic or minimally symptomatic metastatic CRPC (serum
testosterone <50 ng/dl). Patients with poor performance status (Eastern Cooperative Oncology Group [ECOG]
performance status >2), those with visceral metastases, significant skeletal-related events including pathologic long
bone fractures or spinal cord compression and those who were recently treated with any chemotherapy or received
more than two lines of chemotherapy were excluded from this trial. Overall survival was the primary end point,
and was prolonged by 4.1 months in the treatment group when compared with placebo (p = 0.03), although there
was no difference in progression-free survival (p = 0.63) or time-to-clinical progression [33].

In all three of the Phase III trials, men who progressed on the placebo arm were allowed to cross over to receive
sipuleucel-T. Two-thirds of the cells collected at the initial leukapheresis were cryopreserved at time of collection.
After progressive disease, these cells were used for culture with PA2024 and antigen-presenting cell activation, and
then administered using the same methodology as sipuleucel-T every 2 weeks for a total of three infusions. A later
analysis showed that the men on the placebo arm who went on to receive the previously cryopreserved product
(called APC8015F) had a significantly longer median overall survival (20 months compared with a median survival
of 9.8 months in the men who never crossed over) [32]. There were significant differences in the groups which
may have contributed to these results, including age, extent of disease and ECOG status. However, it raises the
possibility that the survival effect seen in the initial IMPACT trial may be underestimated given that over 50% of
patients in the IMPACT trial crossed over to receive immunotherapy [34].

Based on the safety data from the early Phase I and II trials, and the efficacy demonstrated by those in addition
to the overall survival benefit in the Phase III trials (particularly the IMPACT trial), the FDA approved use of
sipuleucel-T in 2010 for asymptomatic or minimally symptomatic men with metastatic CRPC [12].

Sipuleucel-T efficacy has since been studied earlier in the disease course, although use in this setting is not
FDA approved. In the neoadjuvant setting, for example, Fong ez al. conducted a Phase II trial in men who were
scheduled to have radical prostatectomies to determine the direct inflammatory effect of the immunotherapy on
the tumor. Prostatectomy specimens in those who received presurgical sipuleucel-T were compared with specimens
from participants who did not receive neoadjuvant therapy. Within the tumor, the greatest infiltration of immune
cells was found at the interface of the tumor with normal tissue and this included CD3* T cells, CD4" Tregs, helper
T cells and to a lesser extent B cells [35]. Down staging of the primary tumor was not observed when compared
with pre-prostatectomy biopsies, and this highlights that the presence of immune cells alone may not by itself be
sufficient for definitive tumor killing 36].

Multiple studies have been done in men with biochemically recurrent disease. A small Phase II trial was conducted
with 18 patients who all had biochemical recurrence with rising PSA after definitive surgery or radiation. All 18 men
were treated with sipuleucel-T and there was a slowing of PSA doubling time in 13 of the 18 subjects, but treatment
did not result in actual declines in absolute PSA levels (37].

A larger Phase II randomized trial was done in men with biochemically recurrent disease after definitive local
therapy, where men were randomized (2:1) to receive sipuleucel-T or placebo 3—4 months after the initiation of
ADT. The study did not find a difference in the primary end point of time-to-biochemical failure (defined as
PSA >3 ng/ml), but did show a significant slowing of PSA doubling time (PSA doubling time of 155 days in
the treated arm compared with 105 days in the control arm, p = 0.038). This trial was limited by methodological
issues, with no confirmatory PSA after biochemical failure measured, and an arbitrary primary end point of PSA
level defining biochemical failure [38).

The most recent data for sipuleucel-T in biochemically recurrent prostate cancer come from the STAND trial [39].
This was a Phase II trial in men with two consecutive PSA values >0.2 or two rising values >2.0 ng/ml and a
PSA doubling time <12 months. The primary end point in this trial was systemic T-cell-specific immune response
which is a novel end point in trials using sipuleucel-T, but used given the correlation between immune response
and overall survival as described below [39]. In this trial, participants received ADT for 1 year, with sipuleucel-T
starting either 6 weeks before the first dose of ADT or 12 weeks after first dose of ADT. Participants who had
sipuleucel-T prior to starting ADT had greater peripheral T-cell PA2024-specific immune responses compared
with those who had sipuleucel-T after starting ADT, although neatly all (>90%) patients had some measurable
immune response. In this study, despite the increase in immune-mediated factors, there was no difference in
time-to-next intervention or time-to-metastasis [39]. In addition, since this study did not include an ADT-alone
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arm, the independent contribution of sipuleucel-T on clinical outcomes could not be evaluated. Therefore, based
on the existing data, sipuleucel-T should not be recommended in the biochemical recurrence setting.

Biomarkers to determine clinical efficacy

In the large randomized Phase III trials of sipuleucel-T, a notable finding was no difference in progression-free
survival despite an improvement in overall survival [31-33]. This is similar to data that have been seen in other
immunotherapy trials, as was seen with nivolumab when used in lung cancer [40] and ipilimumab in melanoma [41].
It may be that classical end points used in prostate cancer, including PSA-related end points, may not be optimal
when applied to immune therapies, the way that traditional RECIST criteria needed to be modified after atypical
responses seen in immunotherapy trials in other solid tumors (42]. There is also the thought that, unlike chemotherapy
which has effects seen close in time to the administration of the drug, the effects of sipuleucel-T may continue
to alter disease progression long after treatment is given and additional research is needed to determine who best
responds to this therapy [43].

Biomarkers are being researched across many disease specialties to help predict response to immunotherapy. For
sipuleucel-T, there are no FDA-approved biomarkers to help determine who is likely to respond or who will have
long-term responses after treatment. In general, there are two types of immune parameters that are being studied
in sipuleucel-T treatment trials: immune characteristics of the autologous product and host characteristics.

Product parameters

In the original Phase I and II trials by Small ez /., within the product there was a correlation between number of cells
infused and time to disease progression, with those patients receiving >100 x 10° cells/infusion having a longer
median time-to-disease progression compared with those who received fewer than that (31.7 weeks compared with
12.1 weeks) [29]. In the Higano integrated analysis study of the Phase I1I trials, there was a strong association between
increased CD54" cells — which is actually measured in the product being delivered back to the patient — and overall
survival (31]. Sheikh ez al. found that the highest product factors: cumulative antigen-presenting cell activation,
antigen-presenting cell count and total nucleated cells count, correlated with improved overall survival [44].

Host parameters

In the IMPACT trial, lower PSA was the strongest predictor of response. Participants who had the lowest PSAs
at the start of treatment (in this paper, the lowest quartile was defined as <22.1 ng/ml) had higher survival rates
compared with those participants who had higher baseline PSA values [45].

Sheikh ez al. did a secondary analysis of the data from the three Phase III trials of sipuleucel-T [44]. For
post-treatment host factors, the development of a detectable antibody peripheral immune response to either the
conjugated protein PA2024 or to PAP itself correlated with overall survival. In this study, T-cell proliferation in the
host alone was not statistically correlated with the overall survival results [44].

It has also since been found that in addition to immune responses to the components of sipuleucel-T (PAP and
PA2024), there are also off-target effects including antibodies to other prostate cancer-associated tumor antigens
including PSA, KLK2, K-ras, E-ras, LGALS8 and LGALS3, and these may be important (46]. This so-called
phenomenon of ‘antigen spread’ suggests that sipuleucel-T triggers an immune cascade that subsequently results in
antibody production against other prostate cancer-associated antigens distinct from the PA2024 target antigen [47].

Safety & tolerability
Opverall, sipuleucel-T is well tolerated. In the Phase III combined trials, >97% of patients were able to receive all
three infusions (311, and in the IMPACT trial, 92% of patients were able to receive all three infusions with <1% of
patients being unable to receive all infusions because of infusion-related adverse events (33]. The integrated Phase
II trial analysis showed no increase in grade 3—4 adverse events in the treatment arm [31]. There was, however, an
increased rate of grade 3 adverse events in the IMPACT trial (6.8% in treatment vs 1.8% in placebo) (33]. Consistent
with earlier studies, almost all patients (>95%) had some inflammatory reaction; however, most of these were mild
and resolved within days after each infusion [31,33]. The most common adverse reactions included chills, fatigue,
pain and low-grade fever (33,48,49]. A summary of serious adverse events reported in the major clinical trials is shown
in Table 1. Anaphylaxis and autoimmune reactions were not seen [33,48,49].

The Phase III integrated analysis was the first to report a possible increased risk of cerebrovascular events due
to sipuleucel-T treatment (31]. This was because the incidence of cerebrovascular events — including hemorrhagic,
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Table 1. Number of men who experienced grade 3 and higher adverse effects reported in major clinical trials of

sipuleucel-T.

Name of study Phase I/11 trial Integrated analysis of Phase Ill trials IMPACT Phase Ill trial
Year of publication (reference) 2000 2009° 20101
Number of men who received n=31 n =147 n=127
sipuleucel-T

Any grade 3 or greater toxicity 2 37 69

Pain (includes back, limb, t 10 391
musculoskeletal pain, myalgias)

Fatigue - 2f 10'
Chills - 7' )
Anemia - 6 5

Fever 2 3 1
Dyspnea - 5

Gl upset including - 2 3
nausea/vomiting/diarrhea

Headache - 2 1
Hypertension - - 2
Weight loss - - 2
Anorexia - - 1
Depression - - 1

'Three most common side effects (all grades) for each trial.
IData taken from [29].

Data taken from [31].

Data taken from [33].
Gl: Gastrointestinal.

ischemic or embolic stroke, transient ischemic attack or bleeding from a metastatic lesion — was seen in 7.5% of
those in the treatment arm but only 2.6% of participants in the placebo arm [31]. The IMPACT trial did not
demonstrate an increased risk of cerebrovascular events (2.4% in treatment arm vs 1.8% in placebo arm) [33].
However, based on these results, the FDA required a postmarketing registry to determine the rate of cerebrovascular
events with sipuleucel-T [12]. One study has since been published including the three Phase III trials as well as the
Phase II trial in hormone-sensitive biochemical relapse (38]. The combined data of all four trials showed an incidence
of cerebrovascular events of 3.5% after treatment with sipuleucel-T compared with 2.6% in control patients which
was not significantly different (49]. Results of the registry (called the PROCEED trial - NCT01306890) have not
yet been reported but are expected in late 2017 [50].

Current status of immunotherapy in prostate cancer
Great strides have been made in the field of immuno-oncology, yet besides sipuleucel-T, there have been disap-
pointing results in prostate cancer. Large Phase III trials of the CTLA-4 inhibitor, ipilimumab, did not show any
improvement in overall survival compared with placebo in patients with metastatic castration resistant prostate
cancer either before [51] or after treatment with chemotherapy [52]. Additionally, a basket trial including men
with metastatic CRPC showed no responses after treatment with the single-agent PD-1 antibody, nivolumab [53).
However, some PSA responses as well as objective responses have been observed using both CTLA-4 and PD-1
inhibitors together, suggesting that a subset of patients may benefit. In a recent study adding pembrolizumab
to metastatic CRPC patients progressing on enzalutamide, dramatic PSA and objective responses were seen in a
significant number of men [54). In another small trial combining ipilimumab and nivolumab, PSA and objective
responses appeared to be more frequent than with each agent used alone, and there was a suggestion that patients
with DNA repair gene mutations derived the greatest benefit (55]. Finally, with the recent FDA approval in May
2017 of pembrolizumab for mismatch repair-deficient or microsatellite-unstable cancers of any histology, this will
clearly have applicability to a small subset of prostate cancers [56].

Why has prostate cancer not been as responsive as other diseases to immunotherapy? For one, prostate cancer has
fewer somatic mutations compared with other tumors that are responsive to immunotherapy, like lung cancer and
melanoma, and it is thought this yields fewer neoantigens that would stimulate immune responses [57]. Additionally,
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Trial identifier Phase Title and sample size Description of trial

NCT02793219 l Sipuleucel-T followed by docetaxel in castration-resistant Effect of docetaxel chemotherapy when given
prostate cancer immediately following sipuleucel-T on immune
n=32 biomarkers and clinical end points

NCT02793765 1l Docetaxel followed by Sipuleucel-T in metastatic Effect of docetaxel chemotherapy when given
prostate cancer immediately prior to sipuleucel-T on immune biomarkers
n=32 and clinical end points

NCT01804465 1l A randomized Phase Il trial combining sipuleucel-T with  Effect of different timing of ipilimumab on immune
immediate vs delayed CTLA-4 blockade for prostate responses and clinical end points
cancer
n=>54

NCT03024216 b Clinical study of atezolizumab (Anti-PD-L1) and Safety effect of combination immunotherapy with
sipuleucel-T in patients with asymptomatic or minimally  sipuleucel-T with anti-PD-L1 drug atezolizumab
symptomatic metastatic castrate-resistant prostate
cancer
n=34

NCT01560923 1l Phase Il study of sipuleucel-T and indoximod (IDO Randomized study of sipuleucel-T followed by the IDO
inhibitor) for patients with refractory metastatic inhibitor indoximod to evaluate immune response and
prostate cancer clinical end points
n=47

NCT01706458 1l Sipuleucel-T with or without pTVG-HP DNA booster Randomized trial to evaluate effect of a PAP-directed
vaccine in prostate cancer plasma DNA vaccine on immune response to sipuleucel-T
n=18

NCT02463799 1l Phase Il randomized study of sipuleucel-T with or Randomized trial to evaluate effect of combination of
without radium-223 in men with asymptomatic or sipuleucel-T with radium-223 on immune response and
minimally symptomatic bone-metastatic CRPC clinical outcomes
n=34

NCT02232230 1l Sipuleucel-T and external-beam radiation for metastatic  Sipuleucel-T given in combination with various forms of

NCT01833208 castrate-resistant prostate cancer radiation to metastatic lesion to see if response to

NCT01818986 n = variable sipuleucel-T is altered

NCT01881867 1l CYT107 after vaccine treatment (Sipuleucel-T) in patients Randomized trial to study immune response to

with metastatic castration-resistant prostate cancer sipuleucel-T when recombinant glycosylated human
n=>54 interleuken-7 (CYT 107) is given versus not given after
sipuleucel-T

IDO: Indoleamine 2,3 dioxygenase; PAP: Prostatic acid phosphatase; pTVG-HP: Plasmid DNA vaccine encoding human prostatic acid phosphatase.

the prevalence of mismatch repair inactivating genes, a predictive marker of response to PD-I inhibitors (58], is low in
prostate cancer, about 2—3% overall [59]. Additionally, there may be other pathways and targets that provide resistance
to immunotherapy, with one such molecule, VISTA, recently described as an inhibitory molecule important in the
pathway inhibiting response to ipilimumab in prostate cancer patients [60].

However, there are opportunities to build on the success of sipuleucel-T by combining it with other approved
cancer therapies which could increase the immune response generated by sipuleucel-T. A small Phase II trial (22
patients) with biochemically recurrent prostate cancer gave patients sipuleucel-T and concurrent bevacizumab with
continuation of bevacizumab until toxicity or disease progression. This study of 22 men showed an improvement
in PSA doubling time from a median of 6.9-12.7 months (p = 0.01) (61]. There are no other trials currently
ongoing with this combination, probably due to the failure of the Phase III bevacizumab prostate cancer trial [62].
Another trial compared sipuleucel-T with concurrent versus sequential abiraterone, and no difference was found
in the product or host immune effects when administered with abiraterone. PSA end points in that trial included
percentage of patients with at least a 50% PSA decline and maximal percentage decrease of PSA, and there was
no difference between the two arms [63]. Enzalutamide was also studied in combination or in sequence with
sipuleucel-T in men with asymptomatic or minimally symptomatic metastatic CRPC. Preliminary data from that
study suggest increased product immune activation, measured by CD54* upregulation in the product, in the arm
with concurrent enzalutamide which was started 2 weeks prior to infusion of sipuleucel-T [64]. Additional clinical
results are pending from the full trial which was set to include data for 50 patients [64].

Finally, a Phase I trial of nine patients was recently completed with sipuleucel-T followed by ipilimumab.
Patients were treated with one, two or three doses of ipilimumab dosed at 1 mg/kg (approved dose is 3 mg/kg in
melanoma) (65]. This study showed an increase in immunoglobulins after dosing with ipilimumab that was above
what is historically seen with sipuleucel-T alone, suggesting that it enhances the immune response and may provide
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additional clinical benefit without significant side effects (66]. Additional combination studies to test if the immune
response of sipuleucel-T can be increased are underway (listed in Table 2).

Regulatory affairs

Based on the Phase III clinical trial results, the FDA approved sipuleucel-T monotherapy in 2010 for the treatment
of metastatic CRPC with minimal or no symptoms (i.e., no narcotics for cancer-related pain) [12]. The EMA initially
approved sipuleucel-T in 2013 for men with minimal or no symptoms who have bone-only metastatic CRPC [67];
however, it was later withdrawn in 2015 at the request of the manufacturer, Dendreon, because no further European
development or marketing was planned [68]. It is currently not available in any other country although Dendreon
was recently acquired by the Chinese company Sanpower Group with possible plans to promote use in China and
Southeast Asia according to a company press release [69].

Conclusion

Sipuleucel-T is still the only agent in its class for the treatment of advanced prostate cancer. It is an autologous
cellular vaccine that activates the host immune system and prolongs survival in men with asymptomatic and
minimally symptomatic metastatic CRPC. There are many other clinical trials, and more to be completed soon,
that suggest it may be useful in earlier stages of disease, and its efficacy may be improved through combinations with
other therapies. However, outside of these clinical trials, sipuleucel-T should not currently be used in earlier prostate
cancer disease states, nor should it be combined with other agents. That being said, discovering sipuleucel-T-based
combination strategies that may result in serological and/or objective clinical responses must be our goal moving
forward.

Executive summary

Sipuleucel-T is the only approved cellular immunotherapy in prostate cancer

e Sipuleucel-T was US FDA approved in 2010 for the treatment of metastatic castration-resistant prostate cancer.

e It is approved for use in men with asymptomatic disease and no visceral metastases.

Mechanism of action of sipuleucel-T

e Autologous cellular vaccine — peripheral blood containing dendritic cells are removed, activated ex vivo with
PA2024 (prostatic acid phosphatase and granulocyte-stimulating factor fusion protein) and then reinfused into
the patient.

e The in vivo response is mostly antigen-specific T-cell immune stimulation.

Outcomes

e Prolongs median overall survival by approximately 4 months compared with placebo but does not prolong
progression-free survival.

Major side effects

e Most common: chills, fatigue, pain and fever.

e More than 95% of patients will have inflammatory reaction around time of infusion that goes away within days.

e Autoimmune and anaphylactic reactions have not been seen in clinical trials with sipuleucel-T.

e Ongoing registration study to determine if there is an increased risk of cerebrovascular events.

Future perspective

e Sipuleucel-T is currently being tested earlier in the disease course, including in the neoadjuvant and biochemically
recurrent disease state.

e It is also being tested in combination with other immunotherapies to try and enhance immune response.

Conclusion

e Sipuleucel-T is an autologous cellular vaccine, first-in-class in prostate cancer, used for the treatment of
asymptomatic, metastatic, bone-only and castration-resistant prostate cancer.

e Finding new ways to enhance the immune response in prostate cancer is an active and promising area of new
research.
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