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Androgen receptor splice variant 7 in castration resistant prostate
cancer treated with hormonal therapy: what is in the pipeline?
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Prostate cancer (PC) represents the second most commonly
diagnosed cancer in men (1).

Localized PC is more frequently diagnosed than
metastatic PC (2). However, the survival of PC is strictly
dependent on the staging, with a 5-year survival rate for
the localized disease >99%, and a 5-year survival rate for
metastatic PC around 30% (2). Management of metastatic
disease remains challenging, both in the hormone-dependent
setting and in castration-resistant PC (CRPC), due to the
development of resistance and disease progression to the
available therapeutic options. FDA has recently approved
several drugs for metastatic CRPC (mCRPC): docetaxel,
cabazitaxel, androgen receptor (AR) signaling inhibitors
(abiraterone acetate and enzalutamide), sipuleucel-T and
radium-223. However, the optimal treatment sequence is
still unknown, and the complete identification of patients
who could benefit the most by each therapy remains an
unmet need. In this view, the validation of objective and
measurable biomarkers that correlate with the response to a
specific therapy is of utmost importance (3).

Numerous mechanisms of resistance have been described
along with AR signaling inhibitors, including AR splice
variants (AR-Vs), amplification or mutations of the AR
gene, enhancement of AR transcriptional activity or
stability, loss of AR, increased steroidogenesis, EGR gene
rearrangement and upregulation of alternative signaling
pathways (4).

In particular, AR-Vs represent abnormal AR proteins,
lacking the AR C-terminal ligand-binding domain, but

© Translational Cancer Research. All rights reserved.

retaining the transactivating N-terminal domain. Due
to these characteristics, AR-Vs are constitutively active,
promoting AR activity in the absence of the ligand (5).
Several AR-Vs have been identified, and the AR splice
variant 7 (AR-V7) represents the most promising and
biologically significant marker in PC.

Originally, the pretreatment status of AR-V7 was
explored in circulating tumor cells (CTCs) of 62 patients
affected by mCRPC undergoing abiraterone acetate or
Enzalutamide (6). Quantitative reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) assays were used for
AR-V7 mRNA detection in CTCs. AR-V7 was associated
with primary resistance to AR signaling inhibitors. Indeed,
AR-V7 positive patients who received abiraterone acetate
or Enzalutamide had lower prostate-specific antigen (PSA)
response rates, shorter PSA progression-free survival
(PFS), clinical/radiographic PFS and overall survival (OS)
than AR-V7 negative patients. Interestingly, the negative
predictive role of AR-V7 was not confirmed in patients
affected by mCRPC undergoing taxane chemotherapy (7).
Indeed, AR-V7 status did not influence the response to
chemotherapy in this setting, with no significant difference
in terms of PSA response rate, PSA PFS and clinical/
radiographic PFS in AR-V7 positive versus negative
patients. However, although AR-V7 was not associated with
primary resistance to taxanes, it has been shown that AR-
V7 positive patients experienced a significant improvement
in PSA responses and PFS when received taxanes instead
of AR signaling inhibitors. Conversely, AR-V7 negativity
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did not predict a specific benefit by either therapy, with no
significant differences between taxanes and AR signaling
inhibitors concerning any clinical outcomes in AR-V7
negative patients (7).

Armstrong and colleagues have recently explored the
role of AR-V7 in CTCs from 118 patients affected by high-
risk mCRPC and treated with AR signaling inhibitors (8).
More in details, in this prospective and multicenter study,
the analysis of AR-V7 status on CTCs was performed
simultaneously using two different techniques: Epic
Sciences (Epic; San Diego, CA, USA) and Johns Hopkins
University (JHU; Baltimore, MD, USA) CTC AR-V7
assays. The first (Epic) was a nuclear-specific AR-V7 protein
assay; the second (JHU) was an mRINA assay. Both detect
the presence of AR-V7. The concordance between the two
CTCs assays was 82%), with a percentage of 9% to 24%
of AR-V7 positive patients at baseline, according to the
different technique. The role of AR-V7 was investigated by
the authors in terms of PFS, OS, radiographic (per RECIST
version 1.1) and biochemical (50% or greater PSA decline)
response rate to abiraterone and/or enzalutamide in high-
risk mCRPC. After a median follow-up of 19.6 months,
median PFS (mPFS) and OS (mOS) were remarkably
longer in AR-V7 negative compared to AR-V7 positive
patients with both CTC assays (Epic: mPFS 6.1 versus
3.1 months, mOS 25.5 versus 8.4 months, in AR-V7
negative and AR-V7 positive, respectively; JHU: mPFS
6.9 vs. 3.1 months, mOS 27.2 vs. 10.8 months, in AR-
V7 negative and AR-V7 positive, respectively). In
short, AR-V7 negativity tested by either Epic or JHU
represented a favorable factor. Of note, the prognostic
and predictive significance of AR-V7 was independent of
CTCs heterogeneity (that has been correlated with worse
OS in patients treated with AR signaling inhibitors) (9),
CTCs number and Halabi risk score (10), strengthening
the connection between AR-V7 positivity and treatment
resistance (8). Essentially, through this multicenter study,
the authors have prospectively validated the role of AR-V7
as a biomarker of resistance to AR signaling inhibitors in
mCRPC, exploring at two independent assays for the AR-
V7 analysis—Epic and JHU. Despite different rates of AR-
V7 positive patients with the two techniques, the negative
predictive role of AR-V7 was confirmed by either assay.
Of note, 0% of patients tested as negative by Epic showed
had a RECIST or PSA response, being the assay more
specific with no false-positive patients. On the contrary,
JHU detected more AR-V7 positive patients but resulting
in 6% to 11% of AR-V7 positive men with confirmed
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radiographic/PSA responses. AR-V7 negative patients have
more probability to clinically benefit from AR signaling
inhibitors compared to AR-V7 positive patients. However,
AR-V7 negative men may not respond to abiraterone
or enzalutamide, confirming the existence of several
mechanisms of resistance independent of AR-V7. In fact,
only ~25% of the AR-V7 negative patients by either assay
had a radiographic and/or biochemical response.

As mentioned by the authors, future perspectives may
imply (I) larger sample size, mainly to increase the number
of AR-V7 positive patients; (II) inclusion of different risk
groups, exploring the role of AR-V7 not only in high-
risk mCRPC; (IIT) validation of AR-V7 as a biomarker
of response to taxane chemotherapy in mCRPC; (IV)
understanding the pathogenic mechanism responsible for
AR-V7-related hormone therapy resistance, with the aim of
developing new therapeutic options. Ultimately, one should
not forget that the status of AR-V7 might be explored
using different methods and biological samples, namely the
tumor and the blood through liquid biopsies (3). Liquid
biopsies allow detecting AR-V7 in several ways, analyzing
cell-free RNA, exosomal RNA, and CTCs-derived protein/
mRNA. In this view, it is of utmost importance to study
the reproducibility and clinical implications of the results
obtained with different techniques, to validate a biomarker
as disease-modifying medical decisions. Moreover, some
authors have combined the detection of AR-V7 with other
features to better define the resistance to hormone therapy
in mCRPC. A recent retrospective study has been published
on the prognostic and predictive role of AR-FL—the full
length of AR—and AR-V7 (11). The authors analyzed the
AR-FL and AR-V7 collected from plasma-derived exosomal
RNA of 73 patients affected by mCRPC, prior to the
beginning of Abiraterone acetate or Enzalutamide. The
results of this study confirm the resistance to AR-directed
therapy in AR-V7 positive patients. Of note, stratifying
patients according to AR-FL expression (low, intermediate,
and high expression), PFS was inversely correlated with
the quantity of AR-FL. Additionally, AR-V7 positive
patients with low AR-FL expression had a better outcome
in terms of PFS compared to intermediate and high AR-
FL expression. In this view, the availability of both AR-
FL and AR-V7 status could predict the response to AR
signaling inhibitors. In addition, Antonarakis er a/. (12)
have investigated the outcome of patients with mCRPC
undergoing Abiraterone acetate or Enzalutamide according
to three separate prognostic categories: CTC-, CTC+/
AR-V7-, and CTC+/AR-V7+. The outcome was worst for
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CTC+/AR-V7+ patients, intermediate for CTC+/AR-V7-
patients and best for CTC- patients.

In conclusion, AR-V7 is a promising biomarker in
mCRPC, even if further efforts are required to thoroughly
validate its role. Although the road seems still long,
scientific advance runs fast, and the establishment of an
accurate predictive model in mCRPC is closer than we
would have expected.
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