
Androgen-receptor splice variant-7-positive
prostate cancer: a novel molecular subtype
with markedly worse androgen-deprivation
therapy outcomes in newly diagnosed patients
Heng Li1,2,9, Zhize Wang1,2,9, Wei Xiao3, Libin Yan1,2, Wei Guan1,2, Zhiquan Hu1,2,
Lily Wu4,5, Qihong Huang6, Ji Wang7, Hua Xu1,2, Xu Zhang8 and Zhangqun Ye1

1Department of Urology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China; 2Hubei Institute of Urology, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China; 3Translational Medicine Center, Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China; 4Department of
Molecular and Medical Pharmacology, David Geffen School of Medicine, University of California Los Angeles,
Los Angeles, CA, USA; 5Department of Urology, David Geffen School of Medicine at UCLA, Los Angeles, CA,
USA; 6The Wistar Institute, Philadelphia, PA, USA; 7Department of Cell Death and Cancer Genetics, the
Hormel Institute University of Minnesota, Austin, USA and 8Department of Urology/State Key Laboratory of
Kidney Diseases, Chinese PLA General Hospital/PLA Medical School, Beijing, China

Androgen-deprivation therapy has been the standard treatment for metastatic and locally advanced prostate
cancer, but the majority of patients will progress to castration-resistant prostate cancer within 2–3 years. Unlike
the case in breast cancer, no clinically validated biomarker has been used to predict the outcomes of androgen-
deprivation therapy. To evaluate androgen-receptor splice variant-7 (AR-V7) detection in newly diagnosed
advanced prostate cancer and describe the distinctive prognosis of this novel molecular subtype, this study
retrospectively enrolled 168 newly diagnosed prostate cancer patients from 2003 to 2015 who received androgen-
deprivation therapy. AR-V7 immunohistochemical staining was performed with a monoclonal antibody, and AR-
V7 expression was determined using Immune-Reactive Score data. The association between nuclear AR-V7
expression and prognosis was determined. Multiple cause-specific Cox regression and stratified cumulative
incidences were used to analyze the prognosis risk. Among the 168 patients, 32 (19%) were AR-V7-positive.
Compared with the AR-V7-negative patients, the AR-V7-positive patients had significantly lower prostate-specific
antigen response rates (Po0.001) to androgen-deprivation therapy and a much shorter time to castration-
resistant prostate cancer (Po0.0001). In Kaplan–Meier analysis, the AR-V7-positive group showed markedly
lower castration-resistant prostate cancer progression-free survival (Po0.0001) and much lower cancer-specific
(Po0.0001) and overall survival (Po0.0001) both in all enrolled patients and in patients with metastases. AR-V7
positivity was a significant predictor of castration-resistant prostate cancer progression in multiple Cox
regression (hazard ratio: 4.826; 95% CI: 2.960–7.869; Po0.001). AR-V7 immunohistochemical detection in newly
diagnosed prostate cancer patients who are planning to receive androgen-deprivation therapy, especially those
with metastases, is necessary and valuable for prognostic assessment. AR-V7-positive prostate cancer should
be considered a novel prostate cancer subtype that should be distinguished upon initial biopsy. The main
limitation of this study is its observational nature.
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Since Huggins and Hodges1 first demonstrated the
dependence of prostate cancer on androgen signaling
in 1941, androgen-deprivation therapy through
either medical or surgical castration has been the
standard-of-care for metastatic and locally advanced
disease. Androgen-deprivation therapy has been
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demonstrated to provide an initial benefit, but the
majority of patients progress to castration-resistant
prostate cancer within 2–3 years.2,3

Substantial improvements have been made in the
treatment of prostate cancer, but unlike in breast
cancer,4,5 clinically validated molecular subtypes of
the disease are not yet used to guide patient
management. More recently, the identification of
androgen-receptor variants has been established as
one of the mechanisms of castration-resistant pros-
tate cancer progression.6–12 Among these variants,
the androgen-receptor splice variant-7 (AR-V7) is the
most abundant and best characterized.6,8,13 Several
pre-clinical and clinical trials have showed that the
level of AR-V7 expression has a substantial relation-
ship with resistance to enzalutamide, abiraterone,
and other androgen-deprivation therapies, leading to
poor prognosis and shorter survival times in
castration-resistant prostate cancer,6,8–11,13–16 but
there is no association with primary resistance to
taxane or cabazitaxel.17,18

However, there are still no clear descriptions of the
clinicopathological characteristics of newly diag-
nosed, AR-V7-positive prostate cancer. In this study,
the clinical data of 168 advanced or metastatic

prostate cancer patients who received androgen-
deprivation therapy at our hospital during the past
12 years were retrospectively collected. We deter-
mined the intensity of AR-V7 and androgen-receptor
full-length (AR-FL)-positive staining in needle biop-
sies by immunohistochemistry and concluded that
AR-V7-positive prostate cancer should be classified
as a novel molecular subtype due to its worse
response to androgen-deprivation therapy treatment,
cancer-specific and overall survival compared with
AR-V7-negative prostate cancer.

Materials and methods

Patients and Tissue Samples

The included patients had histologically confirmed
prostate adenocarcinoma by needle biopsy, received
standard androgen-deprivation therapy, including
surgical (orchiectomy) or medical castration (lutei-
nizing hormone releasing hormone analog), com-
bined with or without medical anti-androgen
(bicalutamide, etc), and had sufficient formalin-
fixed paraffin-embedded matched archival tissue
for immunohistochemistry. Patients were excluded

Table 1 Clinicopathological characteristics of the patient cohort at diagnosis

Characteristics

Results

Total AR-V7 positive AR-V7 negative P-valuea

No. of patients (%) 168 32 (19) 136 (81)
Age (median, range) 71 (53–96) 71 (58–79) 72 (53–96) 0.09

Gleason score (n, %) 0.026
≤ 7 60 (35.7) 6 (18.8) 54 (39.7)
≥ 8 108 (64.3) 26 (81.3) 82 (60.3)

T stage (n, %) 0.398
≤T2 16 (9.5) 2 (6.3) 14 (10.3)
T3 49 (29.2) 8 (25) 41 (30.1)
≥T4 65 (38.7) 16 (50) 49 (36)
TX 38 (22.6) 6 (18.8) 32 (23.5)

N stage (n, %) 0.054
N0 44 (26.2) 12 (37.5) 32 (23.5)
≥N1 76 (45.2) 10 (31.3) 66 (48.5)
NX 48 (28.6) 10 (31.3) 38 (27.9)

M stage (n, %) 0.147
M0 36 (21.4) 4 (12.5) 32 (23.5)
M1 118 (70.2) 26 (81.3) 92 (67.6)
MX 14 (8.3) 2 (6.3) 12 (8.8)

Total prostate-specific antigen (ng/ml) 118.78 (2.61–4003.40) 221.04 (34.09–2507.10) 113.40 (2.61–4003.40) 0.405
Free prostate-specific antigen (ng/ml) 19.18 (0.12–640.19) 44.68 (3.58–640.19) 15.17 (0.12–280.51) 0.093
Free prostate-specific antigen/total
prostate-specific antigen (%)

13.93 (1.89–64.44) 17.70 (4.85–44.66) 13.25 (1.89–66.44) 0.190

Prostate volume (cm3) 106.49 (31.45–719.71) 100.42 (40.26–172.80) 108.51 (31.45–719.71) 0.007
Prostate-specific antigen density (ng/ml/cm3) 1.18 (0.02–62.63) 3.36 (0.38–23.90) 0.97 (0.02–62.63) 0.698

aP-values are based on Fisher’s exact test and Student’s t-test for categorical and continuous variables, respectively.
Bold values signify the P-value r0.05.
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if they received additional concurrent anticancer
therapies (radical prostatectomy, chemotherapy or
radiotherapy), did not complete the androgen-
deprivation therapy or had other severe diseases.
Demographic and clinical data for each patient were
retrospectively collected from the hospital electronic
patient record system.

We retrospectively collected 209 prostate cancer
patients who were diagnosed with metastatic or
locally advanced prostate cancer and began first line
androgen-deprivation therapy at the Department of
Urology, Tongji Hospital of Huazhong University of
Science and Technology between the years 2003 and
2015. Among these patients, 41 were excluded
because of additional concurrent anticancer thera-
pies or nonstandard androgen-deprivation therapy
(Supplementary Figure 1; Table 1). In total, 168
patients were enrolled in our study. The median
time from diagnosis to data analysis was 36 months
(IQR: 22–48 months).

Study Design and Assessments

This was a retrospectively study evaluating the
ability of baseline (pretreatment) AR-V7 status
(positive vs negative) by immunohistochemistry to
predict prostate-specific antigen response and risk of
castration-resistant prostate cancer progression fol-
lowing androgen-deprivation therapy in primary
prostate cancer. This study was registered in the
Chinese Clinical Trial Registry (NO ChiCTR-POC-
-16008239, http://www.chictr.org.cn/), and carried
out in accordance with the ethical standards of the
Helsinki Declaration and approved by the Tongji
Hospital of Huazhong University of Science and
Technology (Wuhan, China) ethics review commit-
tee (reference TJ-IRB20160308). Written informed
consent was obtained from each patient prior to any
study-specific investigations.

Follow-up assessments were retrospectively col-
lected and included prostate-specific antigen (PSA)
measurements, prostate ultrasound scans, computed
tomography (CT) of the chest, abdomen and pelvis,
and technetium-99m bone scanning. Clinical inves-
tigators were unaware of the AR-V7 status of the
participants. All immunohistochemical slides were
examined and scored by two experienced patholo-
gists, who were blinded to all clinical data. If the
Immune-Reactive Score differed between the inves-
tigators, a third investigator evaluated the tissue
sections, and the average score was recorded.

Clinical Outcomes

The primary endpoints were freedom from PSA and
clinical or radiographic progression. PSA progres-
sion was defined as an increase in the PSA level by
25% or more above the nadir (and by ≥ 2 ng/ml),
with confirmation four or more weeks later (PCWG3
criteria).19,20 Clinical or radiographic progression

was defined as symptomatic progression (worsening
disease-related symptoms or new cancer-related
complications), or ≥ 20% increase in the sum of the
diameters of the soft-tissue target lesions on CT
scanning (according to the Response Evaluation
Criteria in Solid Tumors21), or ≥ 2 new bone lesions
on bone scans, or death, whichever occurred first.19
Time to castration-resistant prostate cancer was
defined as the time from diagnosis to biochemical
and/or radiological progression with castrate serum
level of testosterone. We also recorded the propor-
tion of patients with a PSA response (PSA level
≤4 ng/ml, maintained for ≥ 4 weeks) at 6 and
7 months of treatment and the best PSA response
(maximal percentage decrease in PSA level from
baseline) for each patient.15,22

Secondary endpoints were cancer-specific and
overall survival, which were defined as the time to
death due to prostate cancer and any cause,
respectively.

Histopathological Assessments and
Immunohistochemistry

Immunohistochemistry was uniformly performed to
assess protein expression of AR-V7 (rabbit mono-
clonal, ab198394, Abcam, Cambridge, UK, 1:100
dilution ), AR-FL (rabbit polyclonal, ab74272,
Abcam, 1:200 dilution), PSA (mouse monoclonal,
ZM-0218, ZSGB-bio, Beijing, PRC, 1:150 dilution),
p504s/AMACR (rabbit monoclonal, ZA-0227, ZSGB-
bio, 1:200 dilution), p63 (mouse monoclonal, MAB-
-0365, Maixin-Bio, Fuzhou, PRC, 1:200 dilution),
HMW (mouse monoclonal, ZM-0308, ZSGB-bio,
1:200 dilution) by Bond Polymer Refine Detection
System (Leica Biosystems Newcastle, Newcastle
upon Tyne, UK). Omission of the primary antibody
with phosphate-buffered saline served as a negative
control for this detection system. We also performed
immunohistochemical staining of liver carcinoma/
para-carcinoma tissues and benign prostate hyper-
trophy tissues as negative controls for the antibody
(Supplementary Figures 2, 3, 4 and 5).

Considering the heterogeneity of prostate cancer,
we selected tumor regions where AR-V7 expression
was strongest to evaluate each tissue sample. To
evaluate prostate nuclear AR-V7 expression, we
implemented an Immune-Reactive Score that
included the intensity and quantity of cells stained
as previously reported.14,23 Immune-reactive scores
of 0 or 1 were considered negative and scores ≥ 2
were considered positive.14 A more detailed immu-
nohistochemical protocol and the raw data of
Immune-Reactive Score were given in the
Supplement.

Antibody Specificity

The specificity of the anti-AR (ab74272, Abcam) and
monoclonal anti-AR-V7 antibodies was determined
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Figure 1 Representative immunohistochemical (IHC) and hematoxylin–eosin (H&E) staining. (a, d, g, j) H&E staining; (b, e, h, k)
immunohistochemical staining for N-terminal androgen-receptor full-length (AR-FL) and (c, f, i, l) immunohistochemical staining for AR-
V7 in two representative biopsy cores. The first and second rows are AR-V7-positive from consecutive tissue sections, and the third and
fourth rows are AR-V7-negative. Original magnification: × 200 (a, b, c, g, h, i) and ×400 (d, e, f, j, k, l).
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by western blotting using the prostate cancer cell
lines PC3, LNCaP (Stem Cell Bank, Chinese Acad-
emy of Sciences, Shanghai, China) and 22Rv1
(Boster Biological Engineering, Wuhan, China). Of
note, the anti-AR antibody showed a number of
nonspecific bands, but the AR-V7 antibody showed a
relatively specific band around 76 kDa in
22Rv1 cells, which are known to be AR-V7 positive
(Supplementary Figure 12). To further demonstrate
the ability of the antibody to detect AR-V7, LNCaP
and 22Rv1 cells were transfected with siRNAs
targeting AR-exon 1, AR-exon 7, AR-V7 CE3b, or
siRNA-negative control.16 Suppression of AR-V7
protein was observed with siRNAs to exon 1 and
CE3, but not the negative control siRNA or exon 7, an
exon absent from the AR-V7 mRNA (Supplementary
Figure 13; Supplementary Table 7). Overall, these
data indicate that the monoclonal antibody binds
specifically to AR-V7.

Statistical Analyses

Continuous data are presented as median (range) and
categorical data are presented as number (propor-
tion). Patient clinicopathological characteristics
according to AR-V7 expression were compared using
the Student’s t-test for continuous variables and the
χ2 test for categorical variables. Univariate and
multivariate Cox regression models were used to
evaluate the predictive role of all covariates for the
development of castration-resistant prostate cancer.
PSA-free progression, time to castration-resistant
prostate cancer progression, cancer-specific, and
overall survival were estimated using the Kaplan–
Meier method and compared by the log-rank test,
patients with metastases (N1 or M1 stage) were
stratified for further analysis. Statistical analyses
were performed using SPSS v.22 (IBM, Armonk, NY,
USA) and Prism v.6 (GraphPad, La Jolla, CA, USA).

Results

Patient Characteristics

Table 1 lists patient baseline characteristics; 32
patients (19%) were AR-V7-positive and 136 (81%)
were AR-V7-negative. The AR-V7-positive patients
had a higher Gleason score (P=0.026) and smaller
prostate volume (P=0.007) compared with AR-V7-
negative patients.

Immunohistochemical Pathological Characteristics of
AR-V7-Positive Prostate Cancer

The proportion of AR-V7-positive prostate cancer
was 19% in our study. Of the AR-V7-positive
patients, 10 were strongly positive (Immune-Reac-
tive Score ≥9), whereas 22 were moderately positive
(2≤ Immune-Reactive Scoreo9) (Supplementary
Figures 6, 7, 8, 9 and 10).

Representative immunohistochemical staining
was shown in Figure 1. The AR-V7 monoclonal
antibody exhibited high specificity with no cross-
reaction to full-length androgen receptors. From the
AR-V7-positive sections, we observed the following
characteristics: (1) AR-V7 was primarily expressed in
the nuclei of luminal epithelial cells in malignant
prostate glands; (2) AR-V7 expression was dispersed
in some malignant glands but not all, and the
proportion of AR-V7-expressing cells in positive
glands ranged from 15 to 80% (Supplementary
Figure 6); and (3) blood vessel and stroma cells were
AR-V7-negative, which could be used as an internal
control for the immunohistochemistry.

The PSA Response Rate is Much Lower in AR-V7-
Positive Patients After Androgen-Deprivation Therapy

The overall proportion of patients who had PSA
responses during androgen-deprivation therapy was

Figure 2 (a) Minimum serum prostate-specific antigen (PSA) level after androgen-deprivation therapy (ADT) for strongly positive AR-V7
(Immune-Reactive Score ≥9, black plot), moderately positive AR-V7 (94Immune-Reactive Score≥2, gray plot) and AR-V7-negative
(Immune-Reactive Score o2, light gray plot). Black crosshairs denote the median PSA with 95% CI. (b) The time to castration-resistant
prostate cancer (CRPC) progression after androgen-deprivation therapy in the AR-V7-positive and AR-V7-negative groups. Black crosshairs
denote the median time to CPRC progression with 95% CI. P-values are for Student’s t-tests.
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74% (125 of 168). The PSA response rate among AR-
V7-positive patients was 41% (13 of 32), whereas the
rate among AR-V7-negative patients was 82% (112 of
136) (Po0.001). The median minimum PSA of AR-
V7-positive patients after androgen-deprivation ther-
apy was 4.65 μg/ml, whereas in AR-V7-negative
patients it was 2.08 μg/ml (P=0.0005) (Figure 2a).
The median best PSA response rate of AR-V7-
positive and -negative patients after androgen-
deprivation therapy was 99 and 100%, respectively
(P=0.3156) (Supplementary Figure 11).

Primary Endpoints

During the surveillance, 109 patients progressed to
castration-resistant prostate cancer with a median
time of 19 month (range: 5–82 months). The median
time to castration-resistant prostate cancer in AR-V7-
positive patients was 12 months (range: 6–
26 months), whereas 25 months (range: 5–82,
Po0.0001) in AR-V7-negative patients (Figure 2b).
The 2-year cumulative incidence of castration-
resistant prostate cancer progression was 88%
(95% CI: 75–100%) in the AR-V7-positive group
compared with 28% (95% CI: 20–36%) in the AR-
V7-negative group (Figure 2b). Kaplan–Meier ana-
lyses indicated a significant reduction in PSA and
castration-resistant prostate cancer progression-free
survival in AR-V7-positive patients, as in the
stratified patients with metastases (both Po0.0001)
(Figures 3a, b, e and f).

Secondary Endpoints

In total, 44 of 168 patients died of prostate cancer
(26%). The proportion of prostate cancer-related
deaths among AR-V7-negative patients was 22%
(30 of 136), whereas 44% (14 of 32) AR-V7-positive
patients died of cancer-related causes, which was
nearly double the proportion in the AR-V7-negative
group (P=0.012). Kaplan–Meier analyses indicated
that cancer-specific and overall survival were dra-
matically lower in AR-V7-positive patients, as in the
stratified patients with metastases (both Po0.0001)
(Figures 3c, d, g and h).

AR-V7 is a Risk Factor for Castration-Resistant
Prostate Cancer Progression and Cancer-Specific and
Overall Survival

Univariate cause-specific Cox proportional hazard
regression models indicated that AR-V7 positivity
(Po0.001), T stage (P=0.001), Gleason score
(P=0.005), M stage (P=0.024), free prostate-specific
antigen level (P=0.02), and age at diagnosis
(P=0.038) were significant risk factors of shorter
progression time to castration-resistant prostate
cancer. Multivariate cause-specific Cox proportional
hazard regression models indicated that AR-V7
positivity (ref: negative, HR: 4.826; Po0.001),

Gleason score (ref: ≤ 7 HR: 1.616, P=0.024), and T
stage (ref: ≤ 2 HR: 2.999, P=0.004) were independent
predictors of time to castration-resistant prostate
cancer progression after adjusting for age, M stage,
and free prostate-specific antigen at diagnosis
(Table 2). Multivariate cause-specific Cox propor-
tional hazard regression model also indicated that
AR-V7 positivity (ref: negative, HR: 4.339; Po0.001),
Gleason score (ref: ≤ 7 HR: 2.068, P=0.038) and PSA
density (ref: ≤ 1.18 ng/ml/cm3, HR: 2.134, P=0.025)
were independent predictors of cancer-specific sur-
vival (Supplementary Table 2). More interestingly,
AR-V7 positivity (ref: negative, HR: 3.976; Po0.001)
was the only independent predictor of overall
survival (Supplementary Table 3).

The association of results from the model that
omitted information regarding AR-V7 status were
similar to those from the stratified model
(Supplementary Table 4). Risk reclassification plots
showed AR-V7 status at diagnosis significantly
increased the predicted risk of castration-resistant
prostate cancer progression in the 1st, 2nd, 3rd and
7th year of surveillance beyond age, free prostate-
specific antigen, T stage, M stage, and Gleason score
(Figure 4).

Routine Immunohistochemical Indicators Could not
Predict the Risk of Castration-Resistant Prostate
Cancer Progression

There was no statistical difference between routine
immunohistochemical indicators including PSA,
P504s, P63, and HMW in the AR-V7-positive and
-negative subgroups. Compared with AR-V7, routine
immunohistochemical indicators could not predict
castration-resistant prostate cancer progression
(Supplementary Table 5).

Discussion

Androgen-deprivation therapy has been the
standard-of-care for metastatic and locally advanced
prostate cancer, but the majority of patients progress
to castration-resistant prostate cancer within 2–3
years.2,3 Therefore, it is clinically necessary to
identify patients who will have a poor reaction to
androgen-deprivation therapy and rapidly progress
to castration-resistant prostate cancer. Although
patients were retrospectively enrolled, this study
demonstrated that o50% of AR-V7-positive prostate
cancer patients have PSA responses to androgen-
deprivation therapy and almost 90% will progress to
castration-resistant prostate cancer within 2 years,
which was statistically different from AR-V7-
negative patients. Furthermore, despite having only
186 enrolled patients, Kaplan–Meier analyses indi-
cated significant differences in cancer-specific
(Po0.0001) and overall survival (Po0.0001)
according to AR-V7 status, and similar results were
concluded in the stratified patients with metastases
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(both Po0.0001). These results show that AR-V7
detection in newly diagnosed prostate cancer
patients, especially those with metastases, who will
receive androgen-deprivation therapy, is valuable
and necessary for prognostic assessment.

AR-V7 is a truncated androgen-receptor protein
that lacks the C-terminal ligand-binding domain but
retains the trans-activating N-terminal domain.6,7
Although the resultant truncated protein is unable
to bind ligand, it is constitutively active as a
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transcription factor and capable of promoting activa-
tion of target genes irrespective of androgen level,
which promotes the development and growth of
prostate cancer.6–12 This mechanism is consistent
with the lower PSA response to androgen-
deprivation therapy in AR-V7-positive patients. AR-
V7-positive patients distinguished by immunohisto-
chemistry rarely show a PSA response after
androgen-deprivation therapy and quickly progress
to castration-resistant prostate cancer within two
years; however, AR-V7-negative patients have better

long-term responses and benefits from androgen-
deprivation therapy. As far as we know, the
biomarkers that are currently detected in the patho-
logical diagnosis of prostate cancer (PSA, P504S,
P63, and HMW) do not predict androgen-deprivation
therapy responses or the risk of castration-resistant
prostate cancer progression.

Prostate cancer is a biologically heterogeneous
disease with variable molecular alterations underlying
its initiation and progression.24 Despite recent
advances in our understanding of prostate cancer

Table 2 Adjusted cause-specific Cox proportional hazard regression analyses for time to castration-resistant prostate cancer

Variable

Univariate analysis Multivariate analysis

HR (95% CI) P-valuea HR (95% CI) P-valueb

Age at diagnosis (ref: ≤7; 1 years) 0.667 (0.455–0.979) 0.038 0.722 (0.471–1.107) 0.135
Gleason score at diagnosis (ref: 4≤G≤7)
Gleason score ≥8 1.791 (1.189–2.697) 0.005 1.616 (1.065–2.452) 0.024

T stage at diagnosis(ref: ≤T2) o0.001
T3 1.297 (0.624–2.695) 0.486
T4 3.162 (1.622–6.163) 0.001 2.999 (1.406–6.398) 0.004

N stage at diagnosis (ref: N0)
N1 0.982 (0.653–1.478) 0.931

M stage at Diagnosis (ref: M0)
M1 1.755 (1.075–2.865) 0.024 0.824 (0.437–1.552) 0.549

Total prostate-specific antigen (ng/ml) (ref: ≤118.78) 1.240 (0.845-1.819) 0.273
Free prostate-specific antigen (ng/ml) (ref: ≤19.18) 1.583 (1.074–2.333) 0.02 1.156 (0.76–1.76) 0.498
Free prostate-specific antigen / Total prostate-specific antigen (%)(ref:
≤13.93)

1.240 (0.847–1.814) 0.269

Prostate volume (cm3) (ref: ≤106.94) 0.822 (0.560–1.206) 0.316
Prostate-specific antigen density (ng/ml/cm3) (ref: ≤ 1.18) 1.342 (0.917–1.965) 0.130
AR-V7 state (ref: negative) 5.571 (3.445–9.007) o0.001 4.826 (2.960–7.869) o0.001

aIndividual covariates were tested to predict outcome using a univariate Cox proportional hazards model.b P-values are the result of a adjusted
multivariable Cox proportional hazards model.
Bold values signify the P-value r0.05.

Figure 3 Kaplan–Meier analysis of prostate-specific antigen (PSA) progression-free, castration-resistant prostate cancer (CRPC)
progression- free, cancer-specific, and overall survival according to AR-V7 status in all enrolled patients (a–d) and in the patients with
metastases (e–h). (a) The median PSA progression-free survival in AR-V7-positive patients was 13 months (95% CI: 6.956–18.044),
whereas in AR-V7-negative patients it was 38 months (95% CI: 32.685–42.315), the hazard ratio for PSA progression with AR-V7 positivity
was 5.435; 95% CI (3.374–8.754; Po0.0001 by the log-rank test). (b) The median time to castration-resistant prostate cancer progression in
AR-V7-positive patients was 12 months (95% CI: 8.562–15.438), whereas in AR-V7-negative patients it was 38 months (95% CI: 31.141–
42.859), the hazard ratio for castration-resistant prostate cancer progression with AR-V7 positivity was 5.571 (95% CI: 3.445–9.007;
Po0.0001 by the log-rank test). (c) The median cancer-specific survival time in AR-V7-positive patients was 32 months (95% CI: 19.879–
44.121), whereas in AR-V7-negative patients it was 125 months (95% CI: 24.426–224.574), the hazard ratio for cancer-specific survival
with AR-V7 positivity was 5.068 (95% CI: 2.556–10.049; Po0.0001 by the log-rank test). (d) The median overall survival time in AR-V7-
positive patients was 32 months (95% CI: 19.879–44.121), whereas in AR-V7-negative patients it was 125 months (95% CI: 35.300–
213.700), the hazard ratio for overall survival with AR-V7 positivity was 4.667 (95% CI: 2.382–9.142; Po0.0001 by the log-rank test). (e)
The median PSA progression-free survival in AR-V7-positive patients with metastases was 12 months (95% CI: 8.002–15.998), whereas in
AR-V7-negative patients it was 34 months (95% CI: 26.244–41.756), the hazard ratio for PSA progression with AR-V7 positivity in patients
with metastases was 5.879 (95% CI: 3.480–9.931; Po0.0001 by the log-rank test). (f) The median time to castration-resistant prostate
cancer progression in AR-V7-positive patients with metastases was 12 months (95% CI: 9.569–14.431), whereas in AR-V7-negative
patients it was 34 months (95% CI: 26.855–41.145), the hazard ratio for castration-resistant prostate cancer progression with AR-V7
positivity in patients with metastases was 5.899 (95% CI: 3.476–10.012; Po0.0001 by the log-rank test). (g) The median cancer-specific
survival time in AR-V7-positive patients with metastases was 26 months (95% CI: 9.196–42.804) whereas in AR-V7-negative patients it
was 125 months (95% CI: 24.166–224.834), the hazard ratio for cancer-specific survival with AR-V7 positivity patients with metastases
was 6.122 (95% CI: 2.847–13.164; Po0.0001 by the log-rank test). (h) The median overall survival time in AR-V7-positive patients with
metastases was 26 months (95% CI: 9.196–42.804), whereas in AR-V7-negative patients it was 125 months (95% CI: 34.957–214.043), the
hazard ratio for overall survival with AR-V7 positivity patients with metastases was 6.122 (95% CI: 2.847–13.164; Po0.0001 by the log-
rank test).
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heterogeneity, better methods for classifying prostate
cancer are still needed to improve prognostic accuracy
and therapeutic outcomes. The detection of AR-V7 in
circulating tumor cells from patients with castration-
resistant prostate cancer may be associated with
resistance to enzalutamide and abiraterone,15 but is
not associated with primary resistance to taxane or
cabazitaxel chemotherapy.17,18 In this study, compared
to circulating tumor cells detection, we detected AR-
V7 in biopsy samples by immunohistochemistry,
which is significantly more economically and techni-
cally feasible in routine clinical practice.14,16 Different
from the previously reported AR-V7 antibody,6,13 the
AR-V7 monoclonal antibody used in this study

showed high specificity with no cross-reactivity to
full-length AR, which means this AR-V7 antibody is
reliable and could be widely used in clinical settings.
A systematic review of the existing clinical data
(Supplementary Table 6) showed that the proportion
of AR-V7 positivity in newly diagnosed patients
detected by immunohistochemistry ranged from 17 to
40%,6,14,16 which was consistent with our study
(19%), whereas the range was from 41 to 61%7,9 by
RT-PCR. AR-V7 positive prostate cancer is a novel
molecular subtype with distinctive clinical and patho-
logical characteristics.

The main limitation of our study was its retro-
spective and single-institution, including those

Figure 4 The effect of AR-V7 status on castration-resistant prostate cancer (CRPC) prognostication was compared for predictions obtained
with a stratified multiple cause-specific Cox regression model to predictions obtained with a second multiple Cox regression model
omitting AR-V7 status. The scatter plots show the predicted risk of castration-resistant prostate cancer within 1, 2, 3, and 7 years after
beginning androgen-deprivation therapy for AR-V7-positive (black) and AR-V7-negative patients (gray).
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inherent to its observational nature. The median
follow-up time from diagnosis to data analysis was
36 months (IQR: 22–48 months), which is limited to
observe the primary endpoint (109 of 168 patients
progressed to castration-resistant prostate cancer)
and the secondary endpoint (44 patients died of
prostate cancer). The restrictive amount of endpoint
events could raise serious concerns about the
statistical power and utility of the multivariate
analysis. More prospective, multicenter, large-scale
trials are warranted to verify these results. In
addition, our patients cohort were recruited in a
long period, during which the androgen-deprivation
therapy for prostate cancer were various (138
received maximal androgen blockade, 30 received
castration). We stratified the patients into different
androgen-deprivation therapy groups, and calculate
the log-rank P-value by Kaplan–Meier method to
analysis the AR-V7 predictive value for time to
castration-resistant prostate cancer progression in
similar primary androgen-deprivation therapy treat-
ment patients (Supplementary Table 1).

In conclusion, our data indicate that AR-V7
expression in newly diagnosed prostate cancer is
intimately correlated with prognosis and effective-
ness of androgen-deprivation therapy. It is valuable
and necessary to routinely detect AR-V7 by immu-
nohistochemistry in newly diagnosed prostate can-
cer patients, especially those with metastases, before
androgen-deprivation therapy administration.
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