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Abstract

Objectives—Efforts to improve the clinical outcome for patients with localized high-risk 

prostate cancer have led to the development of neoadjuvant systemic therapies. We review the 

different modalities of neoadjuvant therapies for localized prostate cancer and highlight emerging 

treatment approaches including immunotherapy and targeted therapy.

Methods—We performed a PubMed search of clinical trials evaluating preoperative systemic 

therapies for treating high-risk prostate cancer published after 2000, and those studies with the 

highest clinical relevance to current treatment approaches were selected for review. The database 

at clinicaltrials.gov was queried for neoadjuvant studies in high-risk prostate cancer, and those 

evaluating novel targeted therapies and immunotherapies are spotlighted here.

Results—Neoadjuvant chemotherapy has become standard of care for treating some 

malignancies, including breast and bladder cancers. In prostate cancer, preoperative hormonal 

therapy or chemotherapy has failed to demonstrate improvements in overall survival. 

Nevertheless, the emergence of novel treatment modalities such as targeted small molecules and 

immunotherapy has spawned neoadjuvant clinical trials that provide a unique vantage from which 

to study mechanism of action and biological potency. Tissue-based biomarkers are being 

developed to elucidate the biological efficacy of these treatments. With targeted therapy, these can 

include phospho-proteomic signatures of target pathway activation and deactivation. With 

immunotherapies, including sipuleucel-T and ipilimumab, recruitment of immune cells to the 

tumor microenvironment can also be used as robust markers of a biological effect. Such studies 

can provide insight not only into mechanism of action for these therapies but can also provide 

paths forward to improving clinical efficacy like with rationally designed combinations and dose 

selection.

Conclusions—The use of neoadjuvant androgen-deprivation therapy and chemotherapy either 

singly or in combination before radical prostatectomy is generally safe and feasible while reducing 

prostate volume and tumor burden. However, pathologic complete response rates are low and no 

long-term survival benefit has been observed with the addition of neoadjuvant therapies over 

surgery alone at present, and therefore preoperative therapy is not the current standard of care in 

prostate cancer treatment.
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Introduction

Neoadjuvant therapy, the administration of systemic treatments before surgical resection or 

definitive radiation therapy, has demonstrable clinical benefit in several malignancies, 

including bladder cancer [1]. Conceptually, neoadjuvant therapy may reduce the primary 

tumor burden as well as treat undetected micrometastases. This would facilitate a more 

complete surgical resection in the case of radical prostatectomy (RP) and could reduce the 

treatment area in the case of radiation therapy. Over the past 2 decades, significant effort has 

gone into determining whether neoadjuvant treatment improves clinical outcomes in prostate 

cancer.

For radiation therapy, numerous studies have shown improved outcomes with the addition of 

neoadjuvant, concurrent, and adjuvant androgen-deprivation therapy (ADT) in treating 

intermediate- and high-risk diseases. RTOG 8610 was the first randomized phase III trial to 

evaluate neoadjuvant ADT started 2 months before, and then 2 months concurrently with, 

external beam radio-therapy (EBRT) in men with locally advanced prostate cancer [2]. The 

ADT plus EBRT arm had statistically significant improvements in 10-year prostate cancer–

specific mortality (23% vs. 36%, P = 0.01), occurrence of distant metastasis (35% vs. 47%, 

P = 0.006), disease-free survival (11% vs. 3%, P < 0.001), biochemical failure (65% vs. 

80%, P < 0.0001), and a trend toward improved 10-year overall survival (OS) [43% vs. 

34%, P = 0.12] compared with the radiation alone arm. D'Amico et al. [3] compared 

radiation alone versus radiation plus 6 months of ADT (2 mo each of neoadjuvant, 

concurrent, and adjuvant ADT) in men with high-grade clinically localized prostate cancer 

(intermediate and high risk by NCCN risk stratification) and showed statistically significant 

higher OS (88% vs.78%, P = 0.04), lower prostate cancer–specific mortality (0 events vs. 6 

events, P = 0.02), and higher survival free of salvage ADT (82% vs. 57%, P = 0.002) at 5 

years, favoring the combination arm. The 10-year results of the European Organization for 

Research and Treatment of Cancer 22,863 by Bolla et al. [4] supported the addition of long-

term ADT to EBRT in treating high-risk prostate cancer. In this randomized phase III trial, 

EBRT alone was compared with EBRT plus ADT for 3 consecutive years beginning 

concurrently with radiation. The improvements in 10-year disease-free survival (22.7% vs. 

47.7%, P < 0.0001), OS (39.8% vs. 58.1%, P = 0.0004), and prostate cancer–specific 

mortality (30.4% vs. 10.3%, P < 0.0001) all favored long-term ADT plus EBRT; 

importantly, no significant difference in cardiovascular mortality was observed between the 

treatment arms.

In contrast, neoadjuvant therapies (both ADT and chemotherapy) administered before RP 

have yet to show a definitive clinical benefit. This stems from the numerous trials that have 

demonstrated a lack of statistically significant improvement in both progression-free 

survival and OS [5]. Nevertheless, neoadjuvant trials provide a unique opportunity to study 

treatment effects within the actual tumor microenvironment. In this review, we discuss the 
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more recent experience with neoadjuvant therapies administered before definitive RP in men 

with localized prostate cancer. We also highlight how neoadjuvant trials can be used to 

study the mechanism of action for different targeted agents as well as immunotherapies.

Neoadjuvant androgen-deprivation therapy

ADT represents one of the original targeted therapies for cancer (Fig. 1). Two decades of 

trials testing neoadjuvant ADT alone or combined with chemotherapy have demonstrated 

that this treatment can induce measureable changes in the local disease burden at the time of 

surgery (recent, prospective, randomized controlled trials are summarized in Table 1). 

Though end points differed between studies, they generally included higher rates of organ-

confined disease, reduced rates of extracapsular extension, and reduced rates of positive 

surgical margins. Affected systemic end points included reduced incidence of lymph node 

involvement, reduced testosterone levels, and PSA responses. Unfortunately, improved local 

control rates obtained in these trials did not translate into OS benefits; granted, the majority 

of these studies were underpowered to detect statistically significant differences in 

biochemical relapse-free survival.

Schulman and colleagues were among the first to report on both progression-free survival 

(PFS) and OS in a large, randomized trial of neoadjuvant ADT [6]. This study randomized 

402 men with clinical T2 or T3 localized prostate cancer to receive either 3 months of total 

androgen deprivation with neoadjuvant goserelin plus flutamide before RP or RP alone. The 

rates of pathologic downstaging in the neoadjuvant ADT group compared with the 

prostatectomy alone group were 15% and 7% (P < 0.01), and the positive surgical margin 

rates were 47.5% and 26.3% (P < 0.05), respectively. After 4 years of follow-up, there were 

no significant differences in biochemical progression-free survival (67% vs. 76%, P = 0.18) 

or OS (95% vs. 94%, P = 0.64) between the 2 treatment groups.

Kumar et al. [7] performed a systematic review and meta-analysis of neoadjuvant hormone 

therapy in localized or locally advanced prostate cancer. Overall, 10 randomized clinical 

trials testing the role of hormonal therapy given before prostatectomy between 1966 and 

2006 were included. Only 3 of the trials provided OS data, and 5 provided biochemical 

progression-free survival data. The authors showed that neoadjuvant hormonal therapy 

before prostatectomy did not improve OS (OR = 1.11; 95% CI: 0.67–1.85; P = 0.69) despite 

significant reductions in the positive surgical margin rates (OR = 0.34; 95% CI: 0.27–0.42; 

P < 0.00001) and significant improvements in other clinical outcome measures including 

lymph node involvement, pathologic staging, and organ-confined rates. Neoadjuvant 

treatment resulted in a borderline significant reduction in disease recurrence rates (OR = 

0.74; 95% CI: 0.55–1.0; P = 0.05). The authors concluded that neoadjuvant hormone 

therapy given before prostatectomy is associated with significant clinical benefits in the 

form of improved local control but does not result in improved OS. As a result, neoadjuvant 

ADT before prostatectomy is not considered the standard of care.

One possible reason for the lack of survival benefit was the short 3-month duration of 

treatment used in most of the studies. We now know from the neoadjuvant-EBRT 

experience in high-risk prostate cancer that longer duration (3 y) of androgen suppression is 
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associated with improved outcomes [4]. In the study by Gleave, 8 months of preoperative 

ADT was compared with 3 months (Table 1) and showed a significant reduction in the rate 

of positive surgical margins from 23% to 12% (P = 0.0106) with longer duration of ADT; 

mean serum PSA decreased by 98% after 3 months, with a further 57% decrease from 3 to 8 

months. Although this suggested that 3 months of ADT was insufficient to achieve optimal 

local control, survival data were not reported, so conclusions regarding the ideal length of 

preoperative ADT could not be determined from this study [8].

Most of these studies, however, were performed before formal guidelines for risk 

stratification, so these patient populations were very heterogeneous and may have diluted the 

effects of treatment. For example, the data presented by Gleave, discussed previously, 

trended toward more dramatic responses (PSA decline and negative margin rate) in men 

with intermediate-risk disease by current standards and highlights the importance of 

stratifying by risk. It is possible that the most commonly reported end points of positive 

surgical margins, extracapsular extension, lymph node involvement, and seminal vesicle 

invasion were good markers of local control but poor indicators for predicting long-term 

clinical outcomes. Given the neoadjuvant chemo-therapy experience in breast and bladder 

cancers, the pCR rate will probably be a better indicator of OS. Lastly, the identification of 

tumor within androgen-ablated prostates can be difficult, resulting in erroneously low rates 

of surgical margin involvement when in fact the specimen is margin positive.

The reasons for the failure of neoadjuvant ADT to improve survival are unclear and 

complex. However, the biology of castration-resistant prostate cancer (CRPC), defined as 

progressive disease despite castrate levels of testosterone (less than 50 ng/dl), has taught us 

that despite maximum suppression of androgen synthesis and activity using LHRH agonists/

antagonists and antiandrogens, residual levels of testosterone are sufficient to drive 

continued growth of prostate cancer left behind with surgery. It is possible that the degree of 

androgen suppression achieved with these medications was not profound enough to 

ultimately affect survival rates. Abiraterone is a novel first-in-class inhibitor of 17α-

hydroxylase/C17, 20-lyase (CYP17), a critical enzyme in testicular, adrenal, and tumor 

androgen biosynthesis (Fig. 1). By suppressing androgen synthesis beyond what is 

achievable using LHRH agonists and antagonists, abiraterone was shown to increase PFS 

and OS in men with metastatic CRPC in both the pre– and post– docetaxel administration 

patient populations [9,10]. A neoadjuvant trial combining abiraterone with leuprolide has 

since been performed [11]. Overall, 58 men with high-risk prostate cancer (cT3–T4, Gleason 

score greater than or equal to 7, PSA greater than or equal to 20 ng/ml, or PSA velocity 

greater than 2 ng/ml/y) were randomized to receive treatment with abiraterone plus 

prednisone in combination with leuprolide or leuprolide alone for the first 12 weeks. All 

patients then subsequently received an additional 12 weeks of combined abiraterone plus 

prednisone with leuprolide before prostatectomy for 24 weeks of treatment. The primary end 

point of the study was a comparison of intraprostatic testosterone (and DHT) levels in 

interim prostate biopsies obtained at 12 weeks. The secondary end points of PSA, pathologic 

complete response (pCR), and near pCR (less than or equal to 5 mm of residual tumor) were 

assessed on the surgical specimen. Patients receiving the 24 weeks of abiraterone treatment 

had a trend toward improved combined pCR/near pCR rates (34% vs. 15%, P = 0.0894) 
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compared with those treated with abiraterone for only the final 12 weeks. These results 

suggest that abiraterone may enhance the potency of traditional androgen deprivation in 

early prostate cancer and provide a rationale to further study this combination in that disease 

setting.

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy represents the standard of care for a number of malignancies 

including bladder and breast cancers, where neoadjuvant treatment can sometimes achieve 

pCR at surgery as well as significant gains in PFS and OS [1,12]. Docetaxel in combination 

with prednisone has been the standard of care in the treatment of metastatic CRPC 

(mCRPC) for the past 10 years (Fig. 1) [13]. Given the efficacy of docetaxel in the 

metastatic setting, several studies assessed the utility of docetaxel with and without 

hormonal therapy in the neoadjuvant setting (summarized in Table 2). The reasoning behind 

this approach stemmed from the experience in neoadjuvant ADT in prostate cancer where 

pCRs were rarely observed, suggesting that castrate-resistant clones were present at early 

stages of disease, warranting cytotoxic approaches up front.

A phase II trial (Dreicer et al.) evaluated 29 men with locally advanced prostate cancer 

(cT2b, PSA greater than 15 ng/ml, and Gleason score 8–10) treated with weekly docetaxel 

for 6 weeks before RP [14]. The primary end point was feasibility of RP after 6 weeks of 

neoadjuvant chemotherapy, and secondary end points included changes in serum PSA 

levels, histologic effects (local response and pathologic outcomes), and time to biochemical 

failure. No unexpected toxicities, surgical delays, or intraoperative complications occurred. 

Of the 28 men who had an RP, only 3 (11%) had organ-confined disease whereas 25 men 

(89%) had extracapsular extension. There were no cases of pCR although 26 men (93%) had 

an undetectable serum PSA postoperatively (and none preoperatively). There was a 

statistically significant difference in prechemotherapy vs. postchemotherapy mean PSA 

levels (12 vs. 8.42 ng/ml, P < 0.03) favoring treatment; serum PSA level declines greater 

than 50% were observed in 24% of docetaxel-treated men. At a mean follow-up of 36 

months, 20 patients (71%) were biochemically disease free.

Febbo and colleagues evaluated a longer period of preoperative docetaxel and enrolled 19 

patients with high-risk prostate cancer (cT1c–T3, PSA greater than 20 ng/ml, and Gleason 

score 8–10) to a 6-month course of weekly docetaxel before RP. In addition to measuring 

pathologic response, frozen sections of the surgical prostate specimens were harvested for 

microarray expression analysis to measure gene expression as a window to discover possible 

mechanisms of chemotherapy resistance. A total of 16 men completed chemotherapy and 

went on to RP; there were no pathologic complete responses reported. Serum PSA declines 

of greater than 50% were observed in 11 of 19 patients (58%), and reductions in prostate 

volume of at least 25% were observed in 13 of 19 patients (68%). Applying gene set 

enrichment analysis to the microarray data, the authors determined that a set of genes 

involved in androgen and estrogen metabolism was up-regulated in docetaxel-treated 

specimens; specifically, enzymes that decreased levels of active androgen were enriched 

whereas enzymes that increased levels of active androgen were diminished. The authors 

postulated that chemotherapy alters the underlying biology of prostate cancer cells such that 
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androgen utilization is reduced, cells divide less frequently and assume a more stem cell like 

phenotype, and become less sensitive to the antimitotic effects of docetaxel. The pathologic 

outcomes in this study agreed with findings from the previous study of Dreicer et al. [14] 

and foreshadowed the impending failure of future studies of neoadjuvant chemotherapy to 

demonstrate improvement in pCR rates or survival benefit (summarized in Table 2), 

although no completed phase III studies have been reported.

Garzotto et al. [15] evaluated neoadjuvant combination chemotherapy in a phase I/II study 

in which 57 men with high-risk prostate cancer (cT2c–T3, Gleason Score greater than 7, and 

PSA greater than or equal to 15 ng/ml) were treated with weekly docetaxel plus escalating 

mitoxantrone on a 3 of 4 week cycle for 4 cycles before RP. The authors reasoned that 

mitoxantrone and docetaxel have different mechanisms of antitumor activity and cited 

evidence for incomplete cross-resistance between mitoxantrone and docetaxel as a potential 

source of synergy when administered in combination. The primary end point was to 

determine the 5-year recurrence-free survival, where recurrence was defined as a confirmed 

PSA of greater than 0.4 ng/ml. Negative surgical margins were attained in 67% of cases, but 

no pCRs were reported. Postoperative PSA was less than 0.2 ng/ml in 80% (95% CI: 66%–

89%) of patients. The recurrence-free survival at 2 years was 65.5% (95% CI: 53%–78%) 

and at 5 years was 49.8% (95% CI: 35.5%–64.1%); historical controls from the neoadjuvant 

ADT experience for 5-year recurrence-free survival following RP alone were approximately 

68% (Soloway, Table 1), although these patients generally had lower-risk disease [16,17]. A 

tissue microarray was constructed from each prostatectomy specimen to facilitate biomarker 

studies by immunohistochemistry (IHC). The tissue expressions of Ki-67, CD10, and p16 

were not predictive of clinical outcomes, whereas tissue VEGF expression (but not plasma 

VEGF concentrations) was an independent predictor of early recurrence (HR = 3.5, 95% CI: 

1.2–10.4).

Chi et al. [18] postulated that earlier neoadjuvant ADT trials failed to prolong survival 

owing to several factors, including inefficient eradication of micrometastatic disease and the 

emergence of androgen-independent subpopulations of cancer cells following ADT. 

Therefore, they rationalized that the addition of docetaxel to ADT in the neoadjuvant setting 

would address these 2 issues and improve on earlier trials that used neoadjuvant ADT alone. 

In a phase II multicenter study, 72 men with high-risk prostate cancer (primary criteria of 

greater than 2 cores showing cT3, Gleason score greater than 7, and PSA greater than 20 

ng/ml) were treated with buserelin acetate subcutaneously every 8 weeks for 3 cycles (with 

nilutamide daily for the first 4 wk) in combination with docetaxel weekly for 6 of 8 weeks 

for 3 cycles before RP. Two (3%) of 64 patients completing the trial had pCRs, and 16 

patients (25%) had less than 5% tumor in their surgical specimen. A total of 17 (27%) 

patients had positive surgical margins. At a median follow-up of 42.7 months, 19 men (30%) 

had PSA recurrence; the median PSA recurrence-free survival has not been reached but was 

estimated at 65.1 months.

A randomized phase III clinical trial sponsored by the Alliance (CALGB 90203) is currently 

underway evaluating the effect of neoadjuvant docetaxel and ADT before RP in men with 

localized, high-risk prostate cancer. This study plans to enroll 750 men (cT1–T3, Gleason 

score 8–10, and PSA less than 100 ng/ml) for randomization into 2 treatment arms: (1) ADT 
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with goserelin subcutaneously every 4 weeks, or leuprolide intramuscularly every 12 weeks 

for 18 to 24 weeks combined with docetaxel once every 3 weeks for up to 6 cycles (18 wk) 

before RP plus staging pelvic lymphadenectomy or (2) immediate RP plus staging pelvic 

lymphadenectomy within 60 days of randomization. The primary end point will be a 

comparison of the 3-year biochemical progression-free survival (bPFS) between the 2 arms.

Firm conclusions regarding the long-term clinical outcomes of neoadjuvant 

chemotherapeutic approaches cannot be made from these studies as they are all 

nonrandomized phase I and II trials without control arms. Instead, they focused on 

demonstrating feasibility and safety, while measuring immediate-term intratumoral changes 

and serum markers. Notably, the rates of pCR were uniformly low, suggesting that there 

likely existed chemotherapy-resistant clones early in the course of disease; alternatively, it is 

unclear how extensive the pathology reviews were in determining pCR status, or if they 

were certified laboratories, so underreporting of pCR rates is possible. The key to successful 

neoadjuvant therapy likely lies in improved treatments able to eradicate these resistant cell 

populations and tested in randomized phase III trials powered to detect survival differences.

Other targeted therapies

Beyond the AR, other targeted therapies are being developed to enhance tumor-specific cell 

killing while minimizing off-target systemic toxicities. Inhibitors of several potential targets 

(Fig. 1), including platelet-derived growth factor receptor (PDGFR), epidermal growth 

factor receptor (EGFR), and vascular endothelial growth factor receptor, showed 

encouraging antitumor activity in preclinical and animal studies but did not translate into 

improved pathologic or clinical outcomes in early-phase clinical trials. These studies are 

summarized in Table 3. Although most of these neoadjuvant studies are exploratory and not 

designed to evaluate clinical outcomes such as PFS and OS, they hold great potential to 

inform us about treatment activity and also to detect early biological activity of novel agents 

in a disease with an otherwise lengthy natural history.

One of the earliest receptor tyrosine kinases to be targeted in prostate cancer was PDGFR 

after its expression was detected in both primary tumor and metastatic bone deposits [19–

21]. One sequence of studies by Mathew et al. [22,23] evaluating the combination of 

docetaxel with imatinib in metastatic prostate cancer with bone metastases was initially 

promising in the phase I study but subsequently poorly tolerated and ineffective in the phase 

II study. Nevertheless, the authors then conducted a neoadjuvant trial in 39 men combining 

imatinib with docetaxel and ADT, postulating that earlier exposure to imatinib may prevent 

bone metastases and result in increased PFS [24]. There were no pCR, and 47% of the 

treated patients experienced treatment failure; the remaining patients had a 2-year 

progression-free survival rate of 57% (95% CI: 43%–77%) after a median follow-up period 

of 39 months; the authors concluded that the results were not better than historical controls. 

Notably, the authors performed a quantitative assessment of the association between 

PDGFR inhibition and PFS by comparing the expression levels of phosphorylated PDGFR 

(p-PDGFR) in peripheral blood leukocytes (at baseline and immediately before surgery). 

The probability of p-PDGFR decrease was 0.49, but this was not significantly associated 

with PFS. Although the small sample size was a limitation, it would have been interesting to 
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assess the p-PDGFR status in the resected prostate tissue as a potential predictor of clinical 

outcome as this would be a direct measure of drug activity on the target tissue of interest.

EGFR has also been identified as a potential therapeutic target in prostate cancer; the 

association between the onset of androgen independence and up-regulation of EGFR 

expression has been well described [25–27]. Preclinical studies combining docetaxel with 

the EGFR inhibitor gefitinib were also encouraging [28,29]. Vuky et al. [30] performed a 

phase II study to evaluate the combination of docetaxel with gefitinib, a small molecule 

inhibitor of EGFR, in men with high-risk prostate cancer (cT2b–T3, PSA greater than 20 

ng/ml, and Gleason score 8–10). Of the 30 men who completed treatment and RP, none 

achieved a pCR. The positive surgical margin rate was 33%, similar to the rates reported in 

previous studies evaluating neoadjuvant ADT or docetaxel or both. In correlative studies, 

the authors used a semiquantitative IHC-based method to score pretreatment biopsy and 

posttreatment RP specimens for degree of HER2/neu and EGFR expression. Most prostate 

tumor samples (both before and after treatment) showed negative staining for HER2/neu, 

whereas 62% of pretreatment samples showed positive staining for EGFR compared with 

70% of posttreatment samples. There was no correlation between expression levels of 

EGFR, HER2/neu, and response to gefitinib treatment. Gefitinib is now known to be more 

active against tumors harboring (non-T790M) activating mutations in EGFR. Therefore, it 

may have been informative to correlate the frequency of EGFR mutations (albeit a rare 

event in prostate cancer), instead of EGFR expression level, to PFS, although the link 

between EGFR mutations and response to EGFR inhibitors was likely not known at the time 

this study was designed [31–33]. The addition of gefitinib to conventional chemotherapy did 

not improve pathologic outcomes in the neoadjuvant setting.

Vascular endothelial growth factor is a key mediator of both physiologic and pathologic 

angiogeneses [34,35]. Ross et al. [36] evaluated neoadjuvant docetaxel plus bevacizumab in 

patients with high-risk localized prostate cancer, hypothesizing that interfering with 

angiogenesis in the micrometastatic setting (tumor deposits 1–2 mm3) would limit future 

outgrowth of these deposits. Of the 41 men who were treated, 37 underwent RP, but none of 

them had a pCR, and the positive margin rate was 32%. Twelve of 41 patients (29%; 95% 

CI: 16%–41%) achieved a greater than 50% reduction in tumor volume assessed by 

endorectal magnetic resonance imaging (eMRI). PSA decline was seen in 76% of the 

patients, and PSA decline greater than 50% was seen in 22% (95% CI: 11%–38%) of treated 

men; these results were no better than prior studies of neoadjuvant docetaxel alone. Notably, 

tumor volume reduction detected by eMRI did not directly correlate with PSA decline, 

calling into question the utility of PSA decline in the neoadjuvant setting. Conversely, 

detection of tumor downstaging by eMRI has not yet been validated as an intermediate end 

point that correlates with PFS or OS, so determining clinically relevant end points will be a 

major challenge facing investigators performing these neoadjuvant studies. Correlative 

studies gauging the biological effect of bevacizumab were not performed. Despite these 

findings, interest in vascular endothelial growth factor receptor inhibition remains high as 

evidenced by several ongoing clinical trials evaluating sunitinib, pazopanib, and axitinib in 

the neoadjuvant setting (Table 4). Some of these studies incorporate correlative outcome 

measures to determine the intraprostatic biochemical changes that occur because of the 
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experimental treatments. For example, one study (NCT01385059) evaluating neoadjuvant 

axitinib will determine if there is an association between biochemical recurrence and the 

expression of the following markers in tumor tissue: lysyl oxidase, and phosphorylated 

signal transducer and activator of transcription 3. Additionally, recruitment of myeloid-

derived suppressor cell to tumor tissues will also be correlated with biochemical recurrence.

The phosphatidylinositol 3-kinase (PI3K)/AKT/mammalian target of rapamyin pathway is a 

key signaling pathway that has been linked to tumorigenesis, aggressive clinical behavior, 

and drug resistance in many tumor types including prostate cancer [37]. Febbo et al. at the 

University of California, San Francisco, are currently evaluating the PI3K inhibitor, 

BKM120, in a phase II neoadjuvant setting for high-risk prostate cancer (NCT01695473). 

The primary end point is to determine the proportion of men with downstream target 

inhibition of PI3K in prostate tumor tissue as measured by phospho-S6 levels using IHC; 

secondary outcome measures include IHC quantitation of additional key downstream 

effectors of PI3K signaling including phospho-4EBP1 and phospho-AKT [38–40]. Markers 

of cell proliferation, apoptosis, and autophagy including Ki67, p27, cleaved caspase-3, and 

lipidated LC3 will also be assessed by IHC.

Immunotherapies

The FDA approval of sipuleucel-T as a treatment for prostate cancer established 

immunotherapy as another treatment modality for prostate cancer. Although sipuleucel-T 

treatment leads to improvements in OS, PFS is not affected by this treatment. The actual 

mechanism of action is not well understood [41]. Nevertheless, this immunotherapy 

presumably induces T-cell immune responses to the prostate by coculturing patient-derived 

cells with an antigen comprised of prostate acid phosphatase fused to granulocytemonocyte 

colony-stimulating factor. This treatment can induce circulating antibody and T-cell 

responses to this antigen (Fig. 1) [42]. We have recently completed a neoadjuvant trial 

administering sipuleucel-T to patients with localized prostate cancer to assess for immune 

effects in the prostate microenvironment (Neo-ACT, NCT00715104). We found that 

sipuleucel-T treatment induced the recruitment of activated effector CD3+ T cells into the 

tumor rim [43]. These results support the proposed mechanism of action for sipuleucel-T 

where T-cell responses induced by the treatment can manifest as enhanced immune 

infiltration at the tumor.

Another immunotherapy under development in prostate cancer is ipilimumab, an anti-

CTLA-4 antibody [44]. By blocking CTLA-4, an immunologic checkpoint on T-cell 

responses, this treatment may release a crucial brake on the immune system leading to an 

amplified antitumor immune response (Fig. 1) [45]. This antibody is FDA approved for the 

treatment of metastatic melanoma [46]. Sharma et al. performed a neoadjuvant ipilimumab 

study in bladder cancer where immune responses were assessed within the resected prostate 

[47,48]. These studies identified ICOS as a potential marker for tumor-specific T cells. 

Neoadjuvant trials with ipilimumab in prostate cancer are ongoing (NCT01194271).
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Conclusions

To date, administration of what are thought to be highly active conventional therapies such 

as ADT and chemotherapy before surgery has not favorably affected OS and progression-

free survival in men with high-risk prostate cancer. This appears discordant with 

encouraging results demonstrating improvements in intermediate end points including 

reduced prostate volume, reduced positive surgical margin rates, and reduced serum PSA 

with neoadjuvant treatment. However, given the low rate of pCRs with neoadjuvant therapy, 

resistant cancer cell populations most likely exist early on, making the unchanged long-term 

outcomes not entirely surprising as existing treatments are unable to eradicate these resistant 

cancer clones. This underscores the fact that in spite of advances in our fundamental 

knowledge of prostate cancer, we do not fully understand the biology of prostate cancer 

regarding disease progression, dissemination, and acquired or innate resistance to medical 

therapies.

Nevertheless, neoadjuvant trials provide an important opportunity to further our 

understanding of the biology of prostate cancer. Because tumor tissue can be analyzed 

before and after treatment, direct comparisons can be made to elucidate the mechanisms of 

drug action and resistance. Understanding how treatment affects the primary tumor may give 

us insights to how treatments work, or fail, at metastatic sites. Both targeted therapies and 

immunotherapies are designed to work through very specific mechanisms, such that 

conventional anatomic measures of treatment response may not be applicable. For example, 

noncytotoxic immunotherapies that can take several months to work may not result in pCR 

at prostatectomy given the relatively short timeframe of neoadjuvant trials. Instead, 

biologically selected readout activities should be developed such as immune cell infiltration 

and the presence or absence of an inflammatory response. Likewise for therapies targeting 

key effectors of signal transduction pathways, the development of phospho-proteomic 

signatures may directly reflect drug response on a molecular level to differentiate responders 

from nonresponders early in the course of treatment. Because these readouts can be 

quantitative, these neoadjuvant trials could also be used to assess for relative potency at 

hitting a biological target between different treatments, combinations, or even dose levels of 

the same treatment. Indeed, many drugs under investigation do not have dose-limiting 

toxicities. Studying these drugs in the neoadjuvant setting could allow for more rationale 

drug dose selection in a smaller number of patients.

This novelty of studying the effects of neoadjuvant treatments on prostate tumors also 

underscores the limitations and challenges to this approach. For most of these targeted small 

molecule and immunotherapies, the intermediate biological end points of treatment response 

are still being defined and hence are not clinically validated or standardized for application 

to larger study populations. Potential differences in the quality and quantity of pretreatment 

(prostate core biopsies) and posttreatment (surgical specimen) tissues may complicate 

interpretation of treatment effect as it does in androgen-ablated prostate tissue. The biology 

of androgen-dependent and CRPC is fundamentally different, perhaps accounting for why 

therapies that show survival benefit in the metastatic setting show no survival benefit in 

early-stage disease; conversely, regimens developed from neoadjuvant applications in early-

stage disease may not work in advanced disease unless they can exploit common, yet 
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undiscovered, vulnerabilities. In conclusion, although neoadjuvant ADT and chemotherapy 

are not currently recommended in high-risk prostate cancer, innovative targeted and 

immunotherapies, by virtue of changing the underlying tumor biology and tumor 

environment, may hold enormous potential to positively affect long-term outcomes.
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Fig. 1. 
An overview of mechanisms of action. Overall, 5 categories of treatments are illustrated 

here including androgen-deprivation therapy (ADT), chemotherapy, immunotherapy, 

antiangiogenic approaches, and small molecule inhibitors of signaling pathways. ADT 

treatments such as luteinizing hormone–releasing hormone agonists (leuprolide and 

goserelin) and gonadotropin-releasing hormone (GnRH) receptor antagonists (degarelix) 

reduce testicular androgen production. Androgen receptor (AR) antagonists (bicalutamide, 

nilutamide, and enzalutamide) inhibit the binding of testosterone (T) to AR. Abiraterone, a 

P450c17 inhibitor, blocks testicular, adrenal, and tumor androgen production. Docetaxel 

stabilizes microtubules to interfere with cell division and also antagonizes AR nuclear 

translocation. Sipuleucel-T is composed of antigen-presenting cells (APC) primed with the 

prostatic acid phosphatase granulocyte-macrophage colony-stimulating factor (PAP-GM-

CSF) fusion protein that results in enhanced antigen presentation to activated dendritic cells. 

The activated dendritic cells then activate T cells through paired interactions of the 

following costimulatory molecules: antigen-major histocompatibility complex (MHC) to T-

cell receptor (TCR), and B7 to CD28 in an IL-2 dependent fashion. T cells are inactivated 

by B7 binding to cytotoxic T-lymphocyte–associated receptor 4 (CTLA-4) on dendritic 

cells, or to programmed cell death ligand (PD-L1) on tumor cells. Antibodies targeting 
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CTLA-4 (ipilimumab) activate inhibited T cells. Similarly, antibodies targeting PD-L1 and 

PD-1 (programmed death receptor) activate T cells inactivated by tumor. Bevacizumab 

neutralizes vascular endothelial growth factor (VEGF), whereas pazopanib, axitinib, and 

sunitinib inhibit several isoforms of VEGF receptor to reduce neovascularization. Small 

molecule tyrosine kinase inhibitors including imatinib and gefitinib have been ineffective in 

trials to date. The PI3K (phosphoinositide 3-kinase) inhibitor, BKM120, is currently being 

evaluated in clinical trials.
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Table 4
Current clinical trials evaluating neoadjuvant targeted agents

Identifier P.I. sponsor Target Neoadjuvant treatment outcome measures

NCT01695473 Febbo UCSF/Novartis PI3K BKM-120 Quantification of phospho-S6, phospho-
AKT, phospho-4EBP1, and PSA response

NCT00526591 Garcia case Comprehensive 
Cancer Center

mToR Everolimus Rates of pCR, extracapsular extension; 
margin status, toxicity, PSADT, and IHC for 
intraprostatic biomarkers

NCT00138918 Chi University of British 
Columbia/Department of 
Defense

Clusterin oGX-011 Rate of pCR, quantify intraprostatic 
expression of clusterin, oGX-011; associate 
oGX-011 with PBMNC and serum clusterin

NCT00589472 Slovin NCI HDAC Vorinostat Rate of pCR, before and after levels of 
testosterone, DHT, DHEA, and DHEA-S in 
prostate tissue; gene and expression analysis 
of AR genes, PSA, and TMPRSS2

NCT01832259 Agarwal University of Utah VEGFR Pazopanib Decrease premetastatic niche (LN disease), 
PFS, and toxicity

NCT01409200 Zurita MD Anderson/Pfizer VEGFR Axitinib PFS

NCT01385059 Pal City of Hope VEGFR Axitinib Premetastatic niche density: quantitate 
VEGFR1 clusters, pSTAT3, MDSC, LoX, 
angiogenic factors, and bPFS

NCT00329043 Zurita MD Anderson/Pfizer VEGFR Sunitinib Rate of pCR

NCT00321646 Taplin lBIDMC, Duke, 
Genentech, Sanofi

VEGF Bevacicumab + docetaxel Efficacy, safety

NCT00715104 Fong Dendreon/UCSF Dendritic cells Sip-T Intraprostatic T-cell infiltration

NCT00305669 Fong UCSF/NCI Immune GM-CSF Intraprostatic T-cell and dendritic cell 
infiltration

NCT01194271 Sharma MD Anderson Immune Ipilimumab + ADT Tumor and blood effector to regulatory T-
cell ratio, CD4+ICoS+ T cells, CD8+ICoS+ 
T cells, NY-ESo-1 antibodies (only in 
blood), and absolute lymphocyte count 
(only in blood)

NCT00400517 Dreicer, Klein Cleveland 
Clinic

Immune GM-CSF + Thalidomide Rates of pCR, negative surgical margins, 
PSA response, and PFS

NCT01696877 Antonarakis Sidney Kimmel 
Comprehensive Cancer Center

Immune GVAX Intraprostatic CD8+ T-cell infiltration, 
intraprostatic CD4+ T-cell and Treg 
infiltration, quantification of tissue 
androgens and markers of apoptosis, serum 
antibodies to prostatic antigens, rate of pCR 
and PSA response, and PFS

NCT01804712 Howell Genentech CD-20 Rituximab Histologic response rate, change in: PSA, 
peripheral blood B cell count, and serum 
CXCL13 level
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