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Abstract: Surgical management of clinically localized, high-risk prostate cancer is considered a standard

of care, however there are known high rates of recurrence and need for adjuvant or salvage therapies.

Neoadjuvant systemic therapies (hormonal, chemotherapeutic, immunotherapeutic, other) have been

studied with the goal of improving surgical outcomes for these patients. Contemporary evidence does not

yet support use of these therapies outside of clinical trials. Neoadjuvant hormonal therapy (NHT) has

been shown to improve histopathological outcomes but not more rigorous clinical endpoints. Neoadjuvant

docetaxel + hormone therapy has shown promise in phase II studies while phase III evidence is pending.

There is ongoing research in the use of novel hormonal and immunotherapeutic agents in the neoadjuvant

setting. Future research will determine which agents, alone or in combination, will provide benefit for

patients, or subsets of patients, undergoing surgery for high-risk disease.
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Introduction

Along with external beam radiation therapy (XRT) with
concomitant androgen deprivation therapy (ADT),
radical prostatectomy (RP) is a first-line treatment for
high-risk, clinically localized prostate cancer. These
patients have negative staging exams (e.g., nuclear bone
scan, cross sectional imaging) and presumed local or
loco-regional disease. Goals of surgical treatment are
cure through eradication of macro- and microscopic
cancer, pathological staging to determine the need for
adjuvant therapies such as pelvic XRT +/- ADT, and
local control to reduce risk of urinary tract obstruction,
gross hematuria, etc. should the patient develop
advanced disease. High-risk disease is conventionally
defined using D’Amico criteria, which include prostate-
specific antigen (PSA) >20 ng/dL, Gleason score 4+4=8
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(Grade group 4) or higher, and clinical stage >T2c. These
patients often have aggressive disease phenotypes, reflected
in greater risk of metastatic progression and death without
treatment, greater risk of recurrence following local
treatment, and greater need for adjuvant or salvage therapies
(1,2). While traditionally XRT + ADT has been used for
high risk patients based on concern for the ineffectiveness
of surgery, RP has been increasingly used for localized,
high risk disease (3,4) with principles of wide resection
and extended lymphadenectomy to achieve the objectives
detailed above. Retrospective series have demonstrated the
effectiveness of surgery similar to XRT (5).

Given higher risks of relapse among patients treated
for high-risk disease, there has been ongoing effort to
develop strategies to improve outcomes for these patients,
including following surgical management. Adjuvant or early
salvage therapies are commonly employed for high-risk RP
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patients based on concerning findings on surgical pathology
(e.g., extraprostatic disease, lymph node involvement)
or biochemical recurrence, respectively. These therapies
have been shown to reduce risk of clinical progression and
potentially improve survival, e.g., adjuvant XRT for extra-
prostatic disease, adjuvant ADT in lymph node positive
patients (6,7). To prospectively improve the effectiveness
of surgical treatment, there has been ongoing research in
neoadjuvant therapies for high-risk patients undergoing
RP. Goals of neoadjuvant therapy are several-fold and
include downstaging cancer and improving resectability,
improving pathological outcomes which may correlate with
downstream survival, treating microscopic distant disease
that would otherwise blossom post-local treatment, and
ultimately to improve survival related to prostate cancer.
There is widespread precedent for neoadjuvant systemic
therapy in management of other malignancies, such as
breast, bladder, rectal and other cancers, fueling enthusiasm
for this approach in the treatment of high-risk prostate
cancer (8,9).

In this article, we present a summary of contemporary
evidence for neoadjuvant systemic therapies in the
management of clinically localized high-risk prostate cancer,
including hormonal, chemotherapeutic, and novel agents.
While none of these regimens are currently standard of
care, data are emerging from varied trials including RCTs
regarding the efficacy of these therapies.

Neoadjuvant ADT

Given the hormone sensitivity of most newly diagnosed
prostate cancers, neoadjuvant ADT has been studied
to improve surgical outcomes for high-risk patients.
Unfortunately, neoadjuvant ADT as monotherapy has
failed to show a compelling clinical or survival benefit in
multiple studies. It has been suggested that lack of effect of
neoadjuvant ADT may relate to the presence of castrate-
resistant cells at the time of diagnosis, or developing during
treatment (10). Notably, neoadjuvant ADT with XRT
(concomitant, but starting prior to XRT) for intermediate-
high-risk cancer has demonstrated improved biochemical
recurrence-free survival (BCRFS), likely related to the
different biological effects of radiation vs. surgery (11).

One of the largest preliminary trials investigating
neoadjuvant hormonal therapy (NHT) prior to RP was
conducted by Schulman ez /. in 2000 (12). Their study
included 402 patients with ¢T2-T3 prostate cancer who
were randomized to preoperative goserelin plus flutamide
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for 3 months prior to RP versus RP alone. The follow-up
period was 4 years. They found higher rates of pathologic
downstaging in the NHT group compared to the RP alone
group (15% vs. 7%, P<0.01). In both ¢T2 and ¢T3 groups,
the rates of positive surgical margin were lower in those
who received NHT (¢T2 P<0.01, ¢T3 P=0.01). However,
there was a similar PSA progression rate between groups
(P=0.18).

Another large study by the Lupron Depot Neoadjuvant
Prostate Cancer Study Group was a prospective, multi-
institutional trial including 303 patients with stage ¢12b
prostate cancer who were randomized to RP only or
3 months of neoadjuvant ADT (monthly leuprolide + q8hr
flutamide) followed by RP. Patients in the NHT group
had a greater decrease in prostate volume and preoperative
PSA, lower rates of positive surgical margin (18% wvs. 48%,
P<0.001) and lower rates of urethral margin involvement
(6% vs. 23%, P<0.01), however at 5 years, there was no
difference in the biochemical recurrence rate (64.8% uvs.
67.6%, P=0.663) (13).

While there are many similar studies, in 2009 Shelley
et al. published a systematic review and meta-analysis of
ten randomized trials of NHT prior to RP for localized
and locally advanced prostate cancer. They found that
NHT was associated with lower pathological T stage,
higher rates of organ confinement, lower rates of positive
surgical margins and lower rates of lymph node positivity.
Positive surgical margin rates and organ confined rates were
significantly improved with longer duration of neoadjuvant
therapy. However, there was not an associated decrease
in biochemical recurrence-free survival, progression-free
survival, or overall survival (14).

There have been investigations of more novel androgen
deprivation therapies in the neoadjuvant setting that have
shown benefit histopathologically, but without study design
to show a significant clinical effect. Taplin ez 4/. randomized
58 patients with newly diagnosed localized intermediate- or
high-risk prostate cancer (positive biopsies >3, Gleason >7,
PSA >10, or PSA velocity >2 ng/mL/year) to 12 weeks of
preoperative LHRHa alone (leuprolide acetate) or LHRHa
plus abiraterone acetate (AA). All patients subsequently
received an additional 12 weeks of LHRHa + AA before
RP for 24 weeks of treatment. They found that levels of
intraprostatic androgens from 12-week prostate biopsies
were significantly lower in the LHRHa + AA group
compared to the LHRHa alone group. When examining
prostatectomy specimens at 24 weeks, the rates of
pathological complete response (pCR) and minimal residual
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disease (MRD) were greater in the LHRHa + 24-week AA
group compared to the LHRHa + 12-week AA group (90%
vs. 48%). Many patients in both groups had T3-residual
tumor (48% vs. 59% in LHRHa + 24-week AA vs. LHRHa
+ 12-week AA) and lymph node positivity (24% vs. 11% in
LHRHa + 24-week AA vs. LHRHa + 12-week AA). The
adverse events in both groups were comparable and there
were no increased complications from prostatectomy after
neoadjuvant therapy in either group (15).

Efstathiou and colleagues also published their
preliminary results studying neoadjuvant enzalutamine
(enza) + AA + LHRHa versus AA + LHRHa in patients
with localized high-risk prostate cancer (¢T1c-T2 with
Gleason =8, or > ¢T2b with Gleason >7 and PSA >10).
Sixty-five patients were randomized 2:1 to receive 24 weeks
of neoadjuvant enza + AA + LHRHa or AA + LHRHa prior
to RP. Pathologic downstaging occurred in 30% of patients
in enza + AA + LHRHa vs. 52% of patients in the AA +
LHRHa group (P=0.07), suggesting no benefit to adding
enza to augment the efficacy of AA + LHRHa in localized
high-risk prostate cancer (16).

Finally, Montgomery et 4/. examined 48 patients with
intermediate- or high-risk localized prostate cancer
(surgically resectable, T'1c-T3N0/NxMO, >3 positive
biopsies, Gleason >7, or PSA >10) who received neoadjuvant
enzalutamide (enza) or enzalutamide/dutasteride/leuprolide
(enza/dut/LHRHa) for 6 months prior to prostatectomy.
They found that none of the patients in the enza group
achieved pCR or MRD. In the enza/dut/LHRHa group,
4.3% achieved pCR and 13.0% achieved MRD. The median
residual cancer burden (RCB) was higher in the enza group
and tissue testosterone and DHT levels correlated with
RCB. In both groups, extensive nuclear androgen receptor
(AR) staining remained in the majority of tumor cells in all
residual tumors, suggesting incomplete suppression of AR
expression. There were no adverse events leading to drug
discontinuation in either group (17).

These studies represent early work in the evaluation
of novel, and more aggressive androgen blockade in the
neoadjuvant setting. Further work is needed in more
rigorous formats, with clinical endpoints and longer term
follow-up, to evaluate which agents or combination of
agents may have benefit.

Neoadjuvant chemotherapy and chemohormonal

therapy

As neoadjuvant ADT has failed to improve surgical
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outcomes for high risk patients, chemotherapy and
combined chemohormonal therapy have been investigated
in this space. An agent that has been heavily studied in the
neoadjuvant setting, though primarily in phase I and II
studies, is docetaxel (D), both alone and in combination
with ADT. Docetaxel is a taxane antineoplastic that works
by targeting the nuclear matrix and microtubular function.
This agent has been pursued based on its activity and
benefit in advanced prostate cancer. Indeed, D + ADT
has been an important regimen within the treatment
algorithm for castrate-resistant prostate cancer (18,19), and
more recently, D+ADT has proven efficacious in initial
management of castrate-sensitive disease (CHAARTED).
Docetaxel is typically combined with ADT to optimize
treatment of both androgen-dependent and -independent
cell lines within a tumor; animal models have shown that
D effectively treats androgen-independent clones at an
early point in disease progression (20). Interestingly, in vitro
studies have shown that even in androgen dependent tumor
models, simultaneous chemotherapy + ADT can be more
effective than sequential treatment (21).

Evidence for the efficacy of docetaxel-based neoadjuvant
therapy is early and evolving. Trials have primarily
examined safety and feasibility of chemotherapy and
chemohormonal therapy regimens. Common endpoints
in these studies have been pathological outcomes, such
as pCR rates, as this is considered a proxy outcome for
oncological efficacy. pCR is associated with favorable long
term outcomes in treatment of some solid malignancies, e.g.,
breast (8) and bladder (22), though survival benefit does not
require this pathological feature to occur. It is not clear if
more detailed pathological analysis such as quantification
of necrosis, apoptosis, proliferation, etc. would be useful
endpoints (23). While phase II studies have limited effect on
clinical practice, there are phase III studies that are ongoing
or concluded and not yet reported. Limitations of the
existing evidence, some inherent to their design and others
methodological, include short follow-up, low numbers of
enrolled patients, heterogeneous patient populations (e.g.,
variability in inclusion criteria and definitions of ‘high risk’,
such that some intermediate patients may be included),
varied regimens (e.g., weekly vs. q3 week docetaxel, shorter
vs. longer treatment courses), and lack of rigorous clinical
endpoints. It is important to contextualize conclusions from
these studies, as we have learned from neoadjuvant ADT
studies that favorable pathological outcomes (e.g., lower
rates of positive surgical margins) have not translated to
improved oncological outcomes.
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Neoadjuvant chemotherapy

As stated above, D has been scrutinized as a neoadjuvant
therapy for high risk RP based on its activity in the
advanced cancer setting. There have been some favorable
proxy outcomes of neoadjuvant D including PSA declines
pre-surgically, however there have been no reported pCR
outcomes with D alone. Mostly, in the investigative setting,
D has been jettisoned in favor of a combined D + ADT
approach as discussed below. Insight into lack of robust
responses to D monotherapy may come from molecular
and histological studies of cytotoxic effects of D, in which
there have been complex and discordant findings (e.g.,
upregulation of p53, Bel-2, and increased expression of
Ki67 in the same patients) that may be attributed to clonal
heterogeneity in prostate cancer cells and complex pathways
for apoptosis (24).

Some examples of studies evaluating effects of
neoadjuvant D, and D + other chemotherapies, follow.
Febbo et al. studied 19 patients with high risk cancer
(Gleason 8-10, PSA >20, and/or ¢'13) who received weekly
docetaxel (36 mg/m’) x6 months followed by RP (25). PSA
decline >50% occurred in 58%, MRI showed maximum
tumor volume reduction of at least 25% in 68%, and at least
50% in 21%. Sixteen patients went on to RP, and none had
pCR. These authors evaluated gene expression within local
tumors post-treatment, and found a consistent increase
in expression of androgen metabolism genes leading to a
decrease in active androgens available to prostate cancer
cells. These authors postulated that prostate cancer cells
that survive docetaxel have altered androgen metabolism,
leading to lower sensitivity to hormone deprivation, another
potential mechanism for lack of efficacy. RNA expression of
enzymes that decrease cellular levels of bioactive androgens
were also increased in response to chemotherapy. This is a
potential concern in docetaxel causing resistance to ADT
through changes in androgen metabolism, but this requires
additional study.

Zhao et al. reported long term survival of patients with
locally advanced CaP (cT2b+, biopsy Gleason 8+, and/
or PSA 15+) who received 6 weekly doses of docetaxel
(40 mg/m®) + RP. These authors found that at a median
follow-up of 130 months [37-166], 18 patients (64%) had
BCR while 10 patients (36%) were alive and free of disease.
CSS was 92.2%, and overall survival 79.7%, though this
study was not powered for survival (10).

Garzotto et al. (26) published a phase I/1I study
of neoadjuvant docetaxel and mitoxantrone for high
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risk patients (¢T2c-3a, PSA 15+, Gleason 4+3+), the
latter being a cytotoxic chemotherapy with a different
mechanism (suppressing proliferation of T cells, B cells,
and macrophages, impairing antigen presentation, and
decreasing secretion of pro-inflammatory cytokines), with
the potential of synergistic activity against prostate cancer.
Fifty-four patients received 4 cycles of both medications
prior to RP. This study primarily showed feasibility and
safety of this regimen, with some high-grade neutropenia
(18/57) and leukopenia (21/57), though reasonable short-
term outcomes. Through median 63 months follow up,
47.4% (27) experienced a recurrence, relapse-free survival
at 5 years was ~50%. These authors looked molecularly
at prostate tissue to evaluate predictors of recurrence or
relapse. They found that increased tissue VEGF was an
independent predictor of relapse, which supported the
theoretical use of alternative agents like bevacizumab, a
VEGF antibody (26). In a recent update of this study, 37%
of patients were free of disease at 10 years, and VEGF
expression, lymph node status, and PSA density were
predictors of disease recurrence. The authors commented
that there were no association between immunophenotype
and recurrence, though was a significantly different density
of CD68 and CD163 cells between normal and tumor
tissue, the significance of which was not clear (28).

Clark et al. (29) reported a phase II study of neoadjuvant
estramustine + etoposide + RP for locally advanced prostate
cancer. Patient characteristics including clinical stage
T2b-3, PSA >15 ng/dL, and Gleason >8. The treatment
regimen including 3 cycles of estramustine (10 mg/kg/day)
and etoposide (50 mg/m’/day) orally on days 1-21, every
28 days x3. Eighteen patients completed chemotherapy,
and 16 underwent RP. Pathological outcomes including
0% pCR, and 69% (13) had non-organ confined disease.
Through short-term follow-up (median 14 months; range,
5-20 months) without additional therapy, 14 patients
who had negative pathological lymph nodes were free of
disease. Those with positive lymph nodes received ADT.
The regimen had increased morbidity, primarily due to
estramustine; there were 2 deep venous thrombosis (DVT)
and one pulmonary embolism (PE).

Finally, Konety and colleagues evaluated 36 patients
with clinically localized high risk disease (> ¢T3, Gleason
>8, PSA >20 ng/dL) undergoing neoadjuvant paclitaxel,
carboplatin, and estramustine (4 cycles) followed by RP.
DVT occurred in 22% related to estramustine, however
at median follow-up 29 months [5-51], 45% were free of
BCR. The positive surgical margin rate was low at 22%.
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Long term outcomes were not assessed, e.g., clinical
recurrence and survival (27).

Neoadjuvant chemobormonal therapy

Neoadjuvant combined D + ADT has been studied with the
goal of treating both androgen-dependent and independent
cells, both locally and systemically, prior to RP. These
regimens have shown safety, feasibility, and activity at the
pathological level. We await phase III trial data regarding
efficacy at this time.

There are multiple phase II studies that have yielded
encouraging early outcomes regarding neoadjuvant
D + ADT. One example is Chi ez a/. (30) reported a phase II
multicenter trial of 72 high risk localized patients receiving
neoadjuvant ADT + docetaxel (35 mg/m’ weekly for
6-8 weeks x3). Clinically, 39% had extraprostatic disease
(cT3), and 60% were high grade (Gleason >8). Sixty-
four patients went on to RP (4 withdrew due to toxicity),
and 2 had pCR. There were some favorable pathological
outcomes, including 16 patients with <5% tumor volume,
3 with microfoci of disease only, suggesting downstaging in
a subset of patients. Pathologically, 44% had pT3 disease,
4 were pN1, and there was a PSM rate of 27%. Oncological
outcomes included 30% disease relapse at median
42.7 months of follow-up.

The results from a large RCT of D + ADT ws. surgery
alone are pending. This study, called CALGB 90203
(Cancer and Leukemia Group B), a phase III study
comparing neoadjuvant docetaxel + ADT with surgery
alone for high risk localized cancer. The primary outcome
is 3-year biochemical progression-free survival (bPFS), with
secondary outcomes of 5-year bPFS, clinical recurrence,
metastatic progression, cancer-specific and overall survival.
750 patients with high risk disease have randomized to
RP vs. 6 cycles of docetaxel (75 mg/m’ every 3 weeks) and
18-24 weeks of ADT + RP. Inclusion criteria include a
Kattan nomogram probability of freedom from biochemical
progression at 5 years of <60%, or biopsy Gleason sum 8 or
greater, with negative staging exams.

An early pathological report from this trial was recently
reported, and provides some interesting insight into
mechanisms of activity and resistance. At one center within
the trial, there were 3 of 52 patients with only micro-
focal residual cancer. Gene alterations in treated cells
varied (TMPRSS2-ERG fusion in 32, TP53 mutation
or deletion in 11, PTEN deletion in 5, FOXAI1 in 6, and
SPOP mutation in 4). There was no androgen receptor (AR)
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amplification or mutations, there was up-regulation of AR
and AR-V7 expression as well as other genes, and the degree
of AR signaling suppression varied among specimens. This
study shows the varied effects of treatment at a molecular
level that may ultimately give insight into early markers of
resistant disease (31).

Outside the scope of this paper but worth cursory
discussion, there has been some investigation of
neoadjuvant D + ADT in patients with clinically positive
lymph nodes, with the hope that consolidative therapy may
improve outcomes, akin to the paradigm for bladder cancer.
Zurita et al. (32) reported that among 36 patients with ¢N+
disease or high risk of nodal spread receiving neoadjuvant
docetaxel + ADT; 4 had progression during treatment and
4 did not nadir PSA <1. Twenty-six (67%) underwent RP,
and 13 (33%) were free of progression at 1 year. Mean
follow-up was 61 months, at which time %2 of patients
were free of progression and off treatment at 1 year after
surgery, suggesting that some patients may have benefited
from therapy. Outcomes were still adverse with >75% with
residual locally advanced disease post-neoadjuvant therapy,
and ~50% with pathological nodal metastasis. There was no
control arm of men with alternative treatment approaches
(e.g., ADT for pathologically positive LN), and this study
only showed feasibility, however this is another space in
which further investigation is needed. Furthermore, this
study underscores an important point that clinical response
to neoadjuvant therapy may select patients most likely
to benefit from surgery, though criteria for “appropriate
response” are poorly defined.

There have been studies of other chemohormonal
regimens that merit review. These have primarily been
early phase II studies that have not stimulated randomized
trials. Docetaxel + estramustine has been studied as a
neoadjuvant regimen as this is an active combination in
castrate-resistant prostate cancer (33). Thromboembolism
risk from estramustine, however, has limited enthusiasm for
this agent. One phase II trial (GETUG-12) randomized 413
patients to ADT x3 years (goserelin 10.8 mg q3 months) plus
4 cycles docetaxel (70 mg/m’) + estramustine (10 mg/kg daily
on days 1-5, q3 weeks), vs. ADT alone, followed by local
therapy, primarily XRT (87%) but also RP (13%). Patients
had clinical stage T3-T4 disease, Gleason score of >8,
PSA >20 ng/mL, or clinical node-positivity. All patients
underwent a staging pelvic lymph node dissection prior to
therapy. Relapse-free survival was superior at 8 years for
combination therapy vs. ADT only (62% vs. 51%; P=0.017);
HR 0.71 (0.54-0.94), though there was insufficient data for
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determination of metastasis-free and overall survival (34).

There are small series of ADT" + docetaxel + estramustine
that have shown safety and feasibility, with some patients
experiencing a complete pathological response (35,36).
There has been long term follow-up in one phase II trial
assessing outcomes of neoadjuvant ADT + paclitaxel,
carboplatin, and estramustine, with comparison to a
contemporary cohort meeting inclusion criteria but
receiving surgery only (37). This study showed that among
34 patients, with a median follow up of 13.1 years, most
patients experienced biochemical recurrence (78% within
10 years), however there was a high rate of DSS and OS
at 10 years (84%, 78%, respectively). The study cohort
had higher risk features, and with adjustment there was no
significant difference in recurrence or metastasis between
groups. Neoadjuvant estramustine + ADT has been
examined retrospectively vs. RP alone for high risk patients.
Koie et al. studied 274 patients with neoadjuvant therapy
vs. matched pairs undergoing RP only with propensity
score matching to address confounding. Five-year BCRFS
was improved with neoadjuvant therapy (65.8% vs. 90.4%;
P<0.0001) with no difference in OS (96% vs. 100%;
P=0.110) (38).

There is phase II evidence of safety and tolerability of
docetaxel + ketoconazole. Ketoconazole blocks production
of testicular and adrenal androgens by inhibiting enzymes
in the steroid synthesis pathway. This agent has been
considering promising due to antiproliferative effects,
synergy with chemotherapies like docetaxel, and activity
versus CRPC (39). Furthermore, as docetaxel is metabolized
by the cytochrome p-450 system, it is thought that
ketoconazole may potentiate its activity. Womble ez al. (40)
enrolled 22 patients with localized high risk disease,
who underwent neoadjuvant docetaxel and ketoconazole
prior to RP. Nineteen patients went on to surgery, of
which 36% were biochemically free of disease at median
18 months f/u. Six patients had salvage therapy, with an
undetectable PSA. While there was grade 3-4 toxicity in
most patients, primarily neutropenia (45%), 73% of patients
completed all four courses of chemotherapy. There were no
patients with pCR. 7 patients underwent adjuvant therapy, of
whom 6 ad undetectable PSA at 18 months median f/u. As
most patients had BC relapse and 47% had EPE and 26%
had LN+, not promising enough to warrant RCTs (40).

Clinical effects of neoadjuvant therapy

Most studies of neoadjuvant chemo- or chemohormonal
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therapy discuss side effects, generally with focused
discussion of higher grade hematological toxicities. See
Tables 1,2 for example rates with different regimens.
However, there is limited discussion of changes in
operative findings or operative risk following neoadjuvant
therapies. One study reported periprostatic fibrosis (23% of
patients in one study) and increased diffuse bleeding (41),
however in general there have not been additional surgical
complications that have been reported. A recent analysis of
patients undergoing neoadjuvant therapies showed a rate of
significant and overall perioperative complications similar to
those not receiving neoadjuvant therapy (42). Importantly,
this is a population at risk for worse functional outcomes
based on advanced disease and the requirement for wide
resection of neurovascular bundles in many cases. Generally,
however, there are reports of recovery of continence and
erectile function similar to what would be expected for
treatment of other high-risk patients (41).

Neoadjuvant chemotherapy + immmunotherapy

Immunotherapy (e.g., bevacizumab) plus chemotherapy
has been shown to improve clinical outcomes in other
solid tumors (43), and to have activity against metastatic
CRPC (44). Thus, this regimen has been studied in the
neoadjuvant setting for high risk prostate cancer patients.
Ross et al evaluated the efficacy of a single arm neoadjuvant
docetaxel plus bevacizumab regimen pre-RP for high
risk, localized patients (45). Bevacizumab is a humanized
monoclonal antibody that binds to and neutralizes serum
vascular endothelial growth factor (VEGF), which mediates
tumor angiogenesis. Of 41 patients, clinical activity was
demonstrated with a >50% reduction in tumor volume
on MRI in 29%, and >50% reduction in PSA in 22%.
Most patients underwent RP, and there were no complete
responses. The regimen was safe, with 7% (3/41) having
febrile neutropenia, and 93% of patients completing all
cycles. There is some thought that antiangiogenic therapy
may be more useful in bulky metastatic disease, by achieving
vascular normalization and improved chemotherapy
delivery, versus micrometastatic disease (44). Further
study of subsets of patients and molecular stratification of
response to treatment may enable more targeted use or
study of these agents.

Other immunotherapies such as tyrosine kinase
inhibitors (TKIs) have been studied in the neoadjuvant
setting. These have had modest results and have not been
considered promising agents (46). Vuky reported 31 high
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Table 1 Selected studies of neoadjuvant ADT for localized prostate cancer

Mikkilineni and Hyams. Neoadjuvant therapies for high-risk prostate cancer

Authors Inclusion criteria N Agents Path outcomes Median  Clinical Morbidity
f/u (mos) outcomes
Schulman et al. cT2-T3 402 Goserelin + flutamide Pathologic downstaging 48 PSA NR
[2000] x3 mos 15%, lower PSM progression
(P<0.01, P=0.01) rate
unchanged
(P=0.18)
Soloway etal. cT2b 303 gdweek leuprolide PSM 18%, urethral 60 BCR 64.8%, NR
[2002] (7.5 mg) + q8hr involvement 6%, SVI 15% upgrade
flutamide (250 mg) 15%, LN positive 6% to Gleason 7,
x3 mos 10% upgrade
to Gleason
8-10
Taplin et al. Positive 58 Abiraterone (1,000 Tissue DHT 0.180 pg/ NR NR 80% hot flashes,
[2014] biopsies >3+ mg/d) + LHRHa mg and T 0.061 pg/mg 43% fatigue; Grade
Gleason >7, (7.5 mg g4 weeks) + in LHRHa + AA median 3-4 AE 23%
PSA >10, or prednisone (5 mg/d) PSA 0.10 ng/mL in (24-week LHRHa
PSA velocity x3 mos vs. LHRHa LHRHa + AA; pCR 62%, + AA)
>2 ng/mL/yr alone x3 mos, MRD 31.3%, pT3 48%,
followed by prostate LN pos 24% (24-week
biopsy then LHRHa LHRHa + AA)
+ AA x3 mos
Efstathiou et al. cT1c-T2 with 65 Randomized 2:1 Pathologic downstaging NR NR No Grade 4 AEs,
[2016] Gleason =8, enza + AA + LHRHa 30% enza + AA + LFT increase and
or > cT2b with or AA + LHRHa LHRHa, 52% AA + HTN: 13 pts each
Gleason =7 and x24 weeks LHRHa (AA + enza)
PSA >10
Montogomery  T1c-T3NO/ 48 Enza (160 mg/d) or ~ Enza/leu/duta: pCR NR NR Hot flashes 96%,
et al. [2017] NxMO, =3 enza (160 mg/d) + 4.3%, MRD 13%, gynecomastial2%,
positive leu (22.5 mg g3mos) median RCB 0.06 cm®, mastodynia 8%
biopsies, + duta (0.5 mg/d) PSM 21.7%, LN pos
Gleason =7, or x6 mos 26.1%, pT3 60.9%,
PSA >10 tissue T 0.04, DHT 0.18

ADT, androgen deprivation therapy; PSM, positive surgical margin; PSA, prostate specific antigen; SVI, seminal vesicle invasion; LN, lymph
node; BCR, biochemical recurrence; DHT, dihydrotestosterone; T, testosterone; LHRHa, luteinizing hormone releasing hormone agonist;
AA, abiraterone acetate; pCR, pathological complete response; MRD, minimal residual disease; enza, enzalutamide; leu, leuprolide; duta,
dutasteride; RCB, residual cancer burden; NR, not recorded; AE, adverse effects; f/u, follow-up; mos, months; yr, year; pts, patients.

risk patients (¢T2b+, PSA >20 ng/dL, Gleason >8) given
neoadjuvant docetaxel + gefitinib (a small-molecule TKI of
EGFR) for 2 months prior to RP. Of 30 patients undergoing
RP (one had LN+ and T4 disease, and was excluded),
there was 0% pCR rate, however 94% had a partial clinical
response. At mean follow-up of 28 months, 67% (22) had
no biochemical recurrence (47). Another TKI that has been
studied is imatinib (versus PDGFR) plus docetaxel and
AD'T; there were no pCRs, and 53% of patients were free of

biochemical disease at median 39 month follow-up, however

© Translational Cancer Research. All rights reserved.

in a patient group that included some at intermediate risk

by D’Amico criteria (48).

Novel neoadjuvant therapies

tcr.amegroups.com

A recent study explored the feasibility of in situ gene therapy
as neoadjuvant therapy for high risk disease. Kumon ez a/.
reported a phase I/11a study of in situ gene therapy using
an adenovirus vector carrying the human REIC/Dkk-3
gene (Ad-REIC). This gene is significantly reduced in

Transl Cancer Res 2018;7(Suppl 6):S662-S675
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Table 2 Selected studies of neoadjuvant docetaxel +/- ADT for localized prostate cancer in higher risk patients

Authors Ianlu?lon N Agents Path outcomes Median f/u Clinical Morbidity
criteria (mos) outcomes
Thalgott et al. “Kattan’s 30 3-weekly full dose  EPE 56.5%, PSM  48.6 (19.9- 55.2% BCR Grade 3,4 heme
[2014] preoperative docetaxel 33.3%, 0% pCR, 87.8) (5-year toxicities leukopenia
score” (“locally (75 mg/m?) 3.3% pMRD, path BCRFS 40%) (54%), neutropenia
advanced and over 3 cycles + downstaging 48%, (90%); febrile
high risk”) bicalutamide TV decrease 46%, neutropenia 13%
50 mg/day + PSA decrease 97%
trimestral buserelin
(9.45 mg)
Hussainetal. cT2b+, PSA 21 Docetaxel Of 10 patients 13.1 Adjuvant Grade 3 neutropenia
[2003] 15 ng/mL+, (70 mg/m?® on day  undergoing RP: ADT 20% (38%)
Gleason 8-10 1, estramustine PSM 30%, EPE/SVI
280 mg tid on days 70%
1-3 g21 days for
3-6 courses
Magi-Galluzzi PSA 15+, 28 Weekly docetaxel  pCR 0%, 82% EPE 49.5 [23-72] 57% BCR NR
et al. [2007] cT2b+, and/or (40 mg/m?) x6
Gleason 8+
Febbo et al. PSA >20, 19 (16 Weekly docetaxel  pCR 0%, tumor 26.5 (4.5-40) 3 SRT, 3 No hematologic
[2005] Gleason 8-10, RP) (36 mg/m?) volume reduction ADT, 7 toxicities
cT3 x6 months (MRI) 25% or more undetectable
in 68%, 50% or PSA
more in 21%,
etc. Median PSA
reduction 64%
at 6 months,
EPE decrease 62%
Zhao et al. PSA 15, 28 Weekly x6 pCR 0%, PSA 130 [37-166] 64% BCR, NR
[2015] Gleason 8+, (40 mg/m?) decrease >50% 7 CSS 92%,
cT2b+ (25%), 23/28 EPE OS 80%
Chi et al. 2+ positive 72 6.6 mg buserelin Of 64 RP, pCR 3% 42.7 (25.6- 30% 2 hypersensitivity, 2
[2008] biopsies, ¢T3, acetate SQ g8 [2], <6% cancerin  65.6) [19] PSA pneumonitis (Gr 3,4),
PSA 20+, weeks x3, 16, pT3a 22% [14], recurrence 11 neutropenia
Gleason >7; or, 150 mg nilutamide pT3b 22% [14], (Gr 3,4)
cT2, Gleason 7 po daily x4 weeks PSM 27% [17]
w/3+ positive (changed to 250
cores, Gleason tid or bicalutamide
7 + PSA >10, daily based on
or PSA>10 pneumonitis) +
and >3 positive docetaxel
biopsies (35 mg/m®) IV weekly
x6 weeks, x3
Mellado etal. ¢T3, orcT2c- 57 3 cycles of D Of 51 RP, PSM 35% 35 [23-47] 18 (31.6%) NR
[2009] T2 + PSA >20 (36 mg/m?) weekly  [18], 47% EPE [24], BCR, 2 w/
and/or Gleason x3 + flutamide 250 6% [3] pCR clinical
4+3 or greater tid x12 weeks and relapse,
goserelin SC 16 (29%)
10.8 mg on day 15 adjuvant RT

Table 2 (continued)

© Translational Cancer Research. All rights reserved.
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Table 2 (continued)

Authors In(.:lu§|on N Agents Path outcomes Median f/u Clinical Morbidity
criteria (mos) outcomes

Sella et al. cT2c+, PSA 22 Docetaxel pCR 0%, non-organ 23.6 BCR 45.4%  Grade 3-4

[2008] 20+, Gleason (70 mg/m?) 4 cycles confined 36.4% (12.1-54.7) [10] neutropenia in 14
8+ on day 2, 921 days (63.6%)

+ estramustine
(280 mg tid days
1-5 921 days) +
CAB (goserelin

3.6 mg 928 days,
bicalutamide 50 mg
daily until surgery)

Prayer-Galetti cT3+, PSA 21

Triptorelin 3.75 mg  ECE 42% [8], PSM 53 [30-64]

BCR 47% [9] None

et al. [2007] 15+, and/or depot 928 days, 26% [5], SVI 37%
Gleason 8+ four 3-week cycles [7], pCR 5% [1],
of estramustine 6 w/residual tumor
(600 mg/m®daily  <10%
from day 1-21),
docetaxel
(70 mg/m® on day 1)
Dreiceretal.  cT2b+, PSA 28 Six weekly doses of 0% pCR, 89% 23 (1.5-36) BCR 29% [8] 4 (14%) w/gr 3
[2004] 15+, Gleason D 40 mg/m? extraprostatic granulocytopenia
8+ disease

EPE, extraprostatic extension; ECE, extracapsular extension; RP, radical prostatectomy; PSM, positive surgical margin; pCR, pathological
complete response; pMRD, pathological minimal residual disease; TV, tumor volume; PSA, prostate specific antigen; BC, biochemical;
BCR, biochemical recurrence; BCRFS, biochemical recurrence-free survival; ADT, androgen deprivation therapy; SVI, seminal vesicle
invasion; OS, overall survival; CSS, cancer-specific survival; CAB, complete androgen blockade; SRT, salvage radiation therapy; SQ,
subcutaneous; NR, not recorded; DHT, dihydrotestosterone; T, testosterone; RT, radiotherapy; f/u, follow-up; mos, months; D, docetaxel.

various cancers, and forcing its expression may induce
cancer-selective apoptosis. Among 18 high-risk patients,
an ultrasound was used with MRI guidance to inject
tumor six weeks prior to RP. Clear cytopathic effects
were seen in a subset of patients (apoptosis, cellular
degeneration), with infiltrations of CD8+ lymphocytes
and dendritic cells, as well as a detected systemic effect.
This regimen was well tolerated without significant
complications. Interestingly, these authors had published
a report of a patient with CRPC who had a direct and
indirect systemic effects of Ad-REIC injection into
metastatic lymph nodes (49,50).

There are numerous trials evaluating the role of novel
therapeutics as neoadjuvant therapy. See Table 3 for ongoing
trials using novel therapeutics including targeted agents and
immunotherapies.

© Translational Cancer Research. All rights reserved.
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Conclusions

RP for high risk, clinically localized prostate cancer
can be effective, but high recurrence rates have spurred
investigations into neoadjuvant therapies. While
neoadjuvant ADT has been shown to improve pathological
outcomes from RP, lack of oncological benefit has precluded
its use as standard of care. Study of novel hormonal
agents in the neoadjuvant setting, such as abiraterone and
enzalutamide, is early and additional work is needed to
understand the potential role of these agents. There is
encouraging evidence for the clinical benefit of neoadjuvant
chemohormonal therapy (i.e., D + ADT), though level 1
evidence is pending. Ongoing research in the use of novel
agents and combinations of agents will hopefully clarify
which patients and which regimens should be used in
treating these patients.
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Table 3 Active neoadjuvant studies per clinicaltrials.gov (September 8, 2017) (active +/- recruiting)

ClinicialTrials.gov

Study Drugs Phase identifier Sponsor

Neoadjuvant Apalutamide (ARN509) and Radical ~ Apalutamide I NCT03124433 Singapore General Hospital

Prostatectomy in Treatment of Intermediate to

High Risk Prostate Cancer

Neoadjuvant Androgen Deprivation Therapy Plus  Goserelin, Prednisone, I NCT02789878 Instituto do Cancer do

Abiraterone With or Without Apalutamide for High- Abiraterone, Estado de Sao Paulo

Risk Prostate Cancer Apalutamide Janssen, LP

A Study of Ibrutinib as Neoadjuvant Therapy in Ibrutinib I/ NCT02643667 University of California, San

Localized Prostate Cancer Francisco

A Phase Il Neoadjuvant Study of Apalutamide, Abiraterone Acetate, I NCT02849990 University of Washington

Abiraterone Acetate, Prednisone, Degarelix and Apalutamide, Degarelix,

Indomethacin in Men With Localized Prostate Indomethacin,

Cancer Pre-prostatectomy Prednisone

Cabazitaxel, Docetaxel, Mitoxantrone or Cabazitaxel, Docetaxel, | NCT03258320 Shanghai Jiao Tong

Satraplatin (CDMS) Plus Surgery for Prostate Mitoxantrone or University School of

Cancer Patients Without Metastasis Satraplatin Medicine

Neoadjuvant And Adjuvant Abiraterone Acetate Apalutamide, Leuprolide, I NCT02903368 Dana-Farber Cancer

+ Apalutamide Prostate Cancer Undergoing Prednisone, Abiraterone Institute

Prostatectomy Acetate

Rituximab Neoadjuvant Therapy in Patients With  rituximab NCT01804712 University of California, San

Prostate Cancer Scheduled to Undergo Radical Diego

Prostatectomy

Neoadjuvant Phase 2 Study Comparing the Degarelix, enzalutamide, I NCT01990196 Jonsson Comprehensive

Effects of AR Inhibition With/Without SRC or MEK trametinib, dasatinib Cancer Center

Inhibition in Prostate Cancer

Neoadjuvant Enoblituzumab (MGA271) in Men Enoblituzumab | NCT02923180 Sidney Kimmel

With Localized Intermediate and High-Risk Comprehensive Cancer

Prostate Cancer Center

Neoadjuvant BKM120 in High-risk Prostate BKM120 I NCT01695473 UCSF

Cancer

A Neoadjuvant Study of Androgen Ablation Degarelix acetate, I NCT01696877 SKCCC

Combined With Cyclophosphamide and GVAX cyclophosphamide,

Vaccine for Localized Prostate Cancer GVAX

Neoadjuvant J591 Treatment for Prostate Cancer huJ591, 89Zr-J591 NCT02693860 Weill Medical College of
Cornell University

Hormonal Therapy and Chemotherapy Followed Degarelix, Doxorubicin, I NCT02494713 The University of Texas

by Prostatectomy in Patients With Prostate Ketoconazole, Health Science Center,

Cancer Docetaxel, Estramustine Houston

Neoadjuvant Degarelix +/— Apalutamide (ARN- ARN-509, Degarelix I NCTO03080116 Universitaire Ziekenhuizen

509) Followed by Radical Prostatectomy for Leuven

Intermediate and High-risk Prostate Cancer: a

Randomized, Placebo-controlled Trial

Neoadjuvant PROSTVAC-VF With or Without PROSTVAC V/F, 1] NCT02506114 University of California, San

Ipilimumab for Prostate Cancer Ipilimumab Francisco

Neoadjuvant Axitinib in Prostate Cancer ADT, Axitinib I NCT01409200 M.D. Anderson Cancer

Center

Table 3 (continued)
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Table 3 (continued)

ClinicialTrials.gov

Study Drugs Phase identifier Sponsor
Neo-adjuvant Abiraterone Prostate Study Abiraterone acetate, I NCT02160353 Cancer Trials Ireland
Prednisolone
Surgery With or Without Docetaxel and Leuprolide Docetaxel, LHRH i NCT00430183 Alliance for Clinical Trials in
or Goserelin in Treating Patients With High-Risk agonist Oncology
Localized Prostate Cancer
A Phase |l Randomized Study of Enzalutamide +  Enzalutamide, I NCT02268175 DFCC
Leuprolide Versus Enzalutamide + Leuprolide + Abiraterone Acetate,
Abiraterone Acetate + Prednisone as Neoadjuvant Prednisone, Leuprolide
Therapy for High-Risk Prostate Cancer Acetate
Undergoing Prostatectomy
Vaccine Plus Booster Shots in Men With Prostate PROSTVAC-F/TRICOM I NCT02153918 Institute (NCI)
Cancer Undergoing Treatment With Radical
Prostatectomy
Anti-Androgens and Cabazitaxel in Defining Abiraterone acetate with I NCT02543255 University Health Network,
Complete Response in Prostatectomy (ACDC prednisone, leuprolide, Toronto
Trial) (ACDC-RP) Cabazitaxel with peg-
filgrastim
Sunitinib Malate With Hormonal Ablation for LHRH Agonist + I NCT00329043 MD Anderson
Patients Who Will Have Prostatectomy Sunitinib Malate
LHRH Agonist + Sunitinib Malate
Bicalutamide and Raloxifene Hydrochloride Bicalutamide, raloxifene |l NCT03147196 Mayo Clinic
in Treating Patients With Prostate Cancer hydrochloride
Undergoing Surgery
Androgen Receptor Antagonist ARN-509 With Abiraterone Acetate, I NCT02949284 Rutgers, The State
or Without Abiraterone Acetate, Gonadotropin- Androgen Receptor University of New Jersey
Releasing Hormone Analog, and Prednisone in Antagonist ARN-509,
Treating Patients With High-Risk Prostate Cancer ~Gonadotropin-releasing
Undergoing Surgery Hormone Analog,
Prednisone
A Study of VEGF Tyrosine Kinase Inhibitor Pazopanib I NCT01832259 University of Utah
(Pazopanib) in Men With High-Risk Prostate
Cancer Followed by Radical Prostatectomy and
Pelvic Lymph Node Dissection
Studying the Effects of Olaparib (+ Degarelix) Olaparib +Degarelix NCT02324998 Cambridge University
Given to Men With Intermediate/High Risk Hospitals NHS Foundation
Prostate Cancer Before Radical Prostatectomy Trust
(CaNCaPO03)
Vaccination in Prostate caNCEr (VANCE) ChAdOx1.5T4, NCT02390063 University of Oxford
MVA.5T4,
Cyclophosphamide
Axitinib Before Surgery in Treating Patients With ~ Axitinib I NCT01385059 City of Hope Medical Center
High-Risk Prostate Cancer
Investigating the Effects of AZD2014 Therapy AZD2014 NCT02064608 Cambridge University
Given Prior to Radical Prostatectomy in Men With Hospitals NHS Foundation
High Risk Prostate Cancer (CaNCaP02) Trust
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