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Abstract

Optimal therapeutic strategy remains an unmet need in localised high-risk prostate cancer 

(LHRPC). Androgen biosynthesis inhibition in the preoperative setting may improve outcomes. In 

this single-centre randomised trial, we looked at therapy outcomes of preoperative treatment with 

abiraterone acetate + prednisone (AAP) + luteinising hormone-releasing hormone agonist 

(LHRHa) or LHRHa alone followed by radical prostatectomy in 65 men. We did not see a 

significant difference of organ-confined carcinoma (p = 0.27). However, tumour volume measures 

were significantly lower for AAP + LHRHa treatment (p ≤ 0.001). Of note, lower tumour 

epithelium volume correlated with improved biochemical recurrence-free survival at ≥4-yr follow-

up (p = 0.0014). Tumours pretreated with AAP + LHRHa had lower proliferation and androgen 

signalling expression than LHRHa. On multivariate analysis, glucocorticoid receptor (GR) 

overexpression correlated with persistent tumours in AAP + LHRHa (p = 0.018). The presence of 

nuclear androgen receptor splice variant (nARV7) correlated with persistent tumours in both arms. 

No new safety signals were observed. This is the first study investigating the role of preoperative 

AAP + LHRHa versus LHRHa alone in LHRPC. We report significant cytoreduction by tumour 

volume measures inversely correlating with biochemical relapse. Validation of these proposed 

tumour volume measures is planned. A potential role of GR in resistance to androgen biosynthesis 

inhibition warrants further study.

Patient summary:

This is the first study of abiraterone acetate plus leuprolide versus leuprolide alone in high-risk 

localised prostate cancer followed by prostatectomy. Patients in the combination arm had a 

significantly smaller tumour size.

Keywords

High-risk localised prostate; cancer; Glucocorticoid receptor; Abiraterone acetate; Androgen 
deprivation therapy; Neoadjuvant; Preoperative; Radical prostatectomy; Androgen receptor splice 
variant; Androgen receptor; Tumour volume

Localised high-risk prostate cancer (LHRPC) remains a therapeutically unmet need, with 

70% of patients relapsing following available therapeutic strategies.

The confirmed increase in efficacy in castration-naïve disease creates the impetus to assess 

the potential role of preoperative abiraterone acetate in localised high-risk disease [1,2].

Treatment with abiraterone acetate and prednisone (AAP) + luteinising hormone-releasing 

hormone agonist (LHRHa) results in diminished androgen biosynthesis in LHRPC, but no 

outcome in comparison with LHRHa is reported [3].
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We conducted a randomised, phase 2, open-label, single-institution trial to study persistent 

cancers after 3 mo of exposure to AAP + LHRHa or LHRHa alone. The goal of this study 

was to inform prioritisation of biomarkers for the determination of AAP benefit and 

resistance in LHRPC.

Participants had histologically confirmed prostate adenocarcinoma without evidence of 

metastasis by conventional imaging and clinical stage ≥T1c with Gleason score 8–10 on 

biopsy or Gleason score 7 ≥T2b and prostate-specific antigen (PSA) ng/ml.

Sixty-five patients were randomised 2:1 to AAP + LHRHa versus LHRHa alone for 3 mo 

followed by radical prostatectomy (median age, 61 yr; 25–75th percentiles, 56–68). Fifty-six 

(85%) patients had biopsy Gleason score ≥8 (Supplementary Table 2).

Twenty-one of 44 (48%) AAP + LHRHa-treated tumours and seven of 21 (33%) LHRHa-

treated tumours were ypT2N0 (p = 0.27; Table 1). By three quantitative tumour measures, 

residual tumour was significantly lower in the AAP + LHRHa arm compared with the 

LHRHa arm (Fig. 1). Thirty-seven (84%) AAP + LHRHa-treated patients and one LHRHa-

treated patient had undetectable PSA (≤0.1 ng/ml) before prostatectomy (p < 0.0001 ; Table 

1).

Adverse events were similar between groups (Supplementary Table 2), and no patient had 

grade 4 events (Table 2).

PSA recurrence was observed in 44% (19/43) and 59% (10/17) of patients in AAP + LHRHa 

and LHRHa groups, respectively (p = 0.28; Table 3). A lower tumour epithelium volume 

correlated with improved biochemical recurrence-free survival, with a median follow-up of 

≥4 yr (p = 0.0014; Table 3).

We explored biomarkers by association with treatment arm and residual volume, and then 

focused within the abiraterone treatment arm.

Decreased expression of markers of androgen signalling and proliferation were observed in 

the AAP + LHRHa-treated arm versus the LHRHa-treated arm (Fig. 2).

Glucocorticoid receptor (GR) overexpression was more frequent in the AAP + LHRHa arm 

(p = 0.008). GR overexpression (expressed in ≥10% of tumour cells) was associated with a 

higher tumour epithelium volume only within the abiraterone-treated arm (r = 0.38, p = 

0.018; Fig. 3) and correlated with higher intraprostatic cortisol levels (Fig. 3).

Higher proliferation (r = 0.39, p = 0.01 p-Src (r = 0.40, p = 0.01), and the presence of 

nuclear androgen receptor splice variant (ARv7; r = 0.30, p = 0.05) correlated with a higher 

tumour epithelium volume irrespective of the treatment arm (Supplementary Table 5).

This is the first randomised neoadjuvant study of AAP + LHRHa versus LHRHa alone in 

LHRPC exploring outcome and markers of AAP + LHRHa treatment resistance. Although 

there was no significant difference in pathological downstaging between the two treatment 

arms, tumour volume measures significantly favoured abiraterone acetate addition. 

Pathology staging may not be an appropriate surrogate for the assessment of neoadjuvant 
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treatment effect, as it appears dissociated from tumour volume changes and extent of tumour 

infiltration. Moreover, the direct association between persistent higher tumour epithelium 

volume and shorter time to recurrence supports the relevance of these measures. Our 

interpretation is supported by the improved outcomes of abiraterone in hormone-naive 

advanced prostate cancer [1,2].

Serum PSA depletion to ≤0.1 ng/ml was observed in >80% of patients treated with AAP + 

LHRHa, though in some there was no appreciable cytoreduction. This is consistent with the 

hypothesis that alternate pathways may be drivers of treatment resistance and progression 

even at this earlier-stage disease [4]. This underscores the clinical and biological 

heterogeneity of these primary tumours while showcasing the limitations of PSA.

Our candidate screen for biomarker resistance to abiraterone treatment provided findings 

with potentially important clinical relevance. Increased GR expression was observed only in 

the abiraterone-treated tumours and was specific to increased residual tumour measures. 

Furthermore, high GR expression was associated with higher intraprostatic cortisol levels. 

This finding is in line with a functional GR signalling axis in some cancers exposed to 

androgen signalling inhibition.

Neither the mechanism behind the increased GR expression nor its potential role as a 

survival pathway is understood. While GR activity is reported as a potential resistance 

mechanism for androgen receptor (AR) inhibition in castration-resistant prostate cancer 

(CRPC) [5–7], this is the first report associating GR expression with persistence of cancer 

after abiraterone acetate treatment and could be a response specific to hormone-naive 

disease. This is supported by the lower AR expression as compared with AAP + LHRHa 

treatment and is opposite to what we have reported in the metastatic CRPC setting, that is, 

an increase in AR copy numbers following abiraterone treatment. AR inhibition may serve 

to reverse AR-mediated repression at the GR locus. GR upregulation may in turn drive the 

expression of a subset of AR-driven genes, thus allowing the tumour to circumvent AR 

inhibition [8–11]. Thus, GR activation may contribute to resistance in a subset of these 

tumours and could be a meritorious target in castration-naïve disease.

The presence of nuclear ARv7 was associated with higher residual tumour (p = 0.05) 

regardless of the treatment arm.

This is consistent with preclinical and clinical reports in the castration-resistant setting that 

nuclear ARv7 expression is negatively associated with canonical/physiological androgen 

signalling and is more likely a marker of genomic instability.

In conclusion, 3-mo neoadjuvant therapy with AAP + LHRHa in high-risk localised disease 

does not improve conventional pathological stage outcomes as compared with LHRHa 

alone. However, cytoreduction by tumour volume measures was significantly higher in the 

abiraterone-treated arm and associated with a lack of biochemical recurrence at a median 

follow-up of 4 yr. Early emergence of resistance in the abiraterone-treated arm correlated 

with increased GR expression.
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This hypothesis-generating biomarker analysis has several limitations, and data 

interpretation is hindered by a small sample size. Studies with long-term follow-up are 

required to confirm the value of proposed tumour volume measures and assess the role of 

GR-driven resistance in the hormone-naive LHRPC setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 - 
Residual tumour quantification: (A) tumour volume, (B) tumour cell density, and (C) tumour 

epithelium volume. The bars represent the median for tumour quantification. AAP = 

abiraterone acetate plus prednisone; LHRHa = luteinising hormone-releasing hormone 

agonist.
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Fig. 2 - 
Differential expression of selected markers of interest between treatment arms. (A) Heatmap 

of markers ordered by domain of interest, including cell cycle regulation and neuroendocrine 

markers (CD56, chromogranin A, Ki67, PTCH), microenvironment interactions (Shh, p-

cMET, p-Src, GR), and AR signalling (ARv7, CYP17, PSA, AR-C terminal, AR-N 

terminal). The expression of each marker in each sample is represented by the number of 

standard deviations above (red) or below (green) the mean for that gene across all samples. 

(B) Protein expression of select markers. AAP = abiraterone acetate plus prednisone; AR = 
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androgen receptor, GR = glucocorticoid receptor, LHRHa = luteinising hormone-releasing 

hormone agonist; PSA = prostate-specific antigen.
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Fig. 3 - 
GR expression by immunohistochemistry in the AAP + LHRHa arm. (A) GR expression in 

tumour AAP + LHRHa-treated tumour samples. (B) Association of GR expression and 

tumour volume epithelium. (C) Association of GR expression and cortisol levels. Box plots 

represent 25th and 75th percentiles; whiskers extend to the minimum and maximum values. 

Median is indicated by the line within the box. AAP = abiraterone acetate plus prednisone; 

GR = glucocorticoid receptor; LHRHa = luteinising hormone-releasing hormone agonist.
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Table 1.

Outcomes at prostatectomy for intent-to-treat population

AAP+LHRHa LHRHa
p value

a

N 44 21

Surgery

 Robotic-assisted prostatectomy 40 18

 Lymph nodes, median (Q1, Q3) 19.5 (12–25) 19 (16–22)

 Perioperative serious AE 1 PE 1 pelvic bleeding

 Blood loss (ml), median (Q1, Q3) 250 (187–300) 250 (150–300)

Pathology

 ypT2N0, n (%) 21 (48) 7 (33) 0.27

 Surgical margin negative, n (%) 42 (95) 18 (86) 0.17

 Lymph nodes negative, n (%) 29(66) 13 (62) 0.75

PSA nadir
b
, n

44 21

 PSA ≤0.1 ng/ml 37 (84) 1 (5) <0.0001

AAP = abiraterone acetate plus prednisone; AE = adverse event; LHRHa = luteinising hormone-releasing hormone agoinst; PE = pulmonary 
embolism; PSA = prostate-specific antigen: Q1 and Q3 =25th and 75th percentiles, respectively.

a
Based on chi-square test.

b
Lowest PSA level during study (excluding postprostatectomy visit).
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Table 2.

Treatment-emergent adverse events (TEAEs) in safety population

AAP + LHRHa (n = 44) LHRHa (n = 21)

No. of patients with TEAEs (%)
a 44 (100) 21 (100)

No. of patients with grade 3 TEAEs (%)
a 17 (39) 5 (24)

No. of patients with TESAEs(%)
a 2 (4.5) 2 (9.5)

No. of patients with TEAEs leading to treatment discontinuation (%)
a,b 5 (11.4) 0

AAP+LHRHa LHRHa

Grade 1/2 Grade 3
d Total Grade 1/2 Grade 3§ Total

Most frequent TEAEs, n(%)
c

Hot flush 37 (84) 0 37 (84) 18 (86) 0 18 (86)

Anaemia 23 (52) 0 23 (52) 8 (38) 0 8 (38)

Fatigue 18 (41) 1 (2) 19 (43) 8 (38) 2 (10) 10 (48)

ALT increase 15 (34) 7 (16) 22 (50) 7 (33) 0 7 (33)

AST increase 16 (36) 1 (2) 17 (39) 7 (33) 0 7 (33)

Hypertension 2 (5) 8 (18) 10 (23) 1 (5) 2 (10) 3 (14)

Hypercholesterolaemia 9 (21) 0 9 (21) 5 (24) 0 5 (24)

Hyperglycaemia 9 (21) 0 9 (21) 3 (14) 0 3 (14)

Hyperbilirubinemia 8 (18) 0 8 (18) 1 (5) 0 1 (5)

Insomnia 3 (7) 0 3 (7) 5 (24) 1(5) 6 (29)

(AA = abiraterone acetate; AAP = abiraterone acetate + prednisone; ALT = alanine aminotransferase; AST = aspartate aminotransferase; LHRHa = 
luteinising hormone-releasing hormone agonist; P = prednisone; TESAE = treatment-emergent serious adverse event.

a
Adverse events with toxicity grade 5 are not included.

b
Discontinuation of study medication includes discontinuation of any of the study drugs (AA, P, or LHRHa).

c
TEAE in ≥15% of patients in either treatment group.

d
No grade 4 TEAEs were observed.

PSA recurrence was observed in 44% (19/43) and 59% (10/17) of patients in AAp+LHRHa and LHRHa groups, respectively (p = 0.28; Table 3). A 
lower tumor epithelium volume correlated with improved biochemical recurrence-free survivak, with a median follow-up of ≥4 yr (p = 0.0014; 
Table 3).
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