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Androgen receptor splice variant 7
detected by immunohistochemical is an
independent poor prognostic marker in
men receiving adjuvant androgen-
deprivation therapy after radical
prostatectomy
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Abstract

Background: To evaluate the predictive value of AR-V7 expression detected by immunohistochemical (IHC) in the
prognosis of prostate cancer patients receiving adjuvant hormonal therapy (AHT) following radical prostatectomy (RP).

Methods: We retrospectively collected data of 110 patients with prostate cancer receiving RP, followed by AHT, from
Tongji hospital. IHC analysis of AR-V7 expression was performed in a retrospective cohort.

Results: In total, 110 patients were enrolled, of whom 21 patients (19.1%) were AR-V7-positive and 89 patients (80.9%)
were AR-V7-negative. No significant differences in baseline characteristics were found between the two groups. AR-V7-
positive patients had shorter progression-free survival (PFS) (HR: 4.26; 95% CI, 1.55 to 11.68; P = 0.003), shorter cancer-
special survival (CSS) (HR: 22.47; 95% CI, 2.912 to 173.4; P = 0.003) and shorter overall survival (OS) (HR: 6.61; 95% CI, 1.40
to 31.20; P = 0.017) compared to AR-V7-negative patients. In multivariate analysis, AR-V7 is an independent risk factor
for shorter PFS (HR, 3.76; 95% CI, 1.63 to 8.70; P = 0.002), shorter CSS (HR: 9.17; 95% CI, 1.48 to 55.56; P = 0.017) and
shorter OS (HR: 4.81; 95% CI, 1.28 to 17.86; P = 0.020).

Conclusion: The presence of AR-V7 in prostate cancer tissue is independently associated with an unfavorable
prognosis for PFS, OS and CSS in patients who received AHT.
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Introduction
It was estimated that there were almost 1.3 million new
cases of prostate cancer and 359,000 associated deaths
worldwide in 2018, ranking as the second most frequent
cancer and the fifth leading cause of cancer death in
men [1]. It is the most frequently diagnosed cancer
among men in over one-half (105 of 185) of the coun-
tries around the world. In China, prostate cancer is one
of the most common and deadly male malignant tumors
[2]. Although prostate-specific antigen (PSA) testing has
been popular in prostate cancer screening, some patients
were firstly diagnosed with locally advanced disease.
Radical prostatectomy (RP) and radiotherapy (RT) are

regarded as first-line treatment for localized prostate
cancer. However, some patients with high-risk prostate
cancer experienced biochemistry recurrence (BCR) rap-
idly after curative treatment [3–8]. Therefore, RP should
be regarded as a part of multi-modal therapy for high-
risk localized and locally advanced prostate cancer, and
adjuvant treatment, such as hormonal therapy, radio-
therapy, or chemotherapy, are usually required after RP
for those patients. Some previous published studies have
already demonstrated that adjuvant hormonal therapy
(AHT) after RP was beneficial to patients with nodal
metastases [9, 10]. In a randomized clinical trial (RCT),
a total of 309 patients diagnosed with stage pT3–4 pN0
were included [11]. All patients were divided randomly
into 2 groups. The study group received adjuvant flutamide
750-mg once daily after RP while the control group only re-
ceived RP. After a median follow-up of 6.1 years, patients in
the study group experienced longer progression-free sur-
vival (PFS) compared with patients in the control group.
However, the difference between the two groups was insig-
nificant for overall survival (OS). Another clinical analysis
showed the efficacy of bicalutamide as an adjuvant treat-
ment after RP for locally advanced, nonmetastatic prostate
cancer, and concluded that bicalutamide could prolong the
PFS versus standard care alone, but not OS [12].
Androgen Receptor Splice Variant 7 (AR-V7) was an

abnormally spliced mRNA isoform of the androgen re-
ceptor (AR). It can drive the expression of androgen-
responsive genes by androgen independent pathway
because of the C-terminal ligand-binding domain defi-
ciency and transcriptional active N-terminal domain ex-
istence [13–15]. Some pre-clinical and clinical studies
have shown the association between AR-V7 expression
and the resistance to androgen receptor signal pathway
inhibitor (ARSi) such as enzalutamide or abiraterone in
castration-resistant prostate cancer (CRPC). The AR-V7
expression was associated with shorter PFS and OS in
CRPC patients [16–20]. Our previous study demon-
strated that AR-V7 expression was also associated with
worse prognosis in hormone-sensitive prostate cancer
(HSPC) patients who received androgen deprivation

therapy (ADT) [21]. However, whether the expression of
AR-V7 in prostate cancer tissue has a prognostic effect
on the treatment outcomes for patients received AHT
after RP remains unknown. AHT with luteinizing hor-
mone releasing hormone analogs (LHRHa, goserelin,
leuprorelin, triptorelin) or anti-androgen (AA, flutamide,
bicalutamide) or combined androgen blockade (CAB)
were administered after RP, according to doctor’s deci-
sion in routine clinical practice as per the 2014 version
of the Chinese Guidelines for Prostate Cancer [22]. Our
study aims to assess the expression of AR-V7 as a prog-
nostic factor for the response to AHT in nonmetastatic
HSPC (nmHSPC).

Methods
Patients and tissues
Our study retrospectively collected 110 prostate cancer
patients who underwent RP and extended pelvic lymph
node dissection (ePLND) at Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology, during years 2010–2017. The inclusion cri-
teria for patients in the study were: 1) age ≥ 18 years; 2)
histological confirmation of prostate adenocarcinoma; 3)
high-risk prostate cancer (Gleason score ≥ 8 or preopera-
tive serum PSA ≥ 20 ng/mL) or locally advanced prostate
cancer (pT3/pT4, N0M0 and any T, N1M0) or positive
surgical margins (R1); and 4) immediate administration
with AHT after surgery. Patients were excluded if they
initial received additional concurrent anticancer therapy
(RT, chemotherapy). All included patients received
AHT. The AHT included medical castration (LHRHa),
combined with anti-androgens (bicalutamide etc.). In-
formed consent was obtained from all participants.

Study design and assessments
This retrospectively study aimed to evaluate the ability
of baseline (before AHT) AR-V7 status (positive vs.
negative) to predict the treatment outcomes of AHT
after RP. This study was carried out in accordance with
the ethical standards of the Helsinki Declaration and ap-
proved by the Tongji Hospital of Huazhong University
of Science and Technology (Wuhan, China) ethics re-
view committee (reference TJ-IRB20170801), and regis-
tered in the Chinese Clinical Trial Registry (NO
ChiCTR1800015334, http://www.chictr.org.cn/).
Follow-up assessments were retrospectively collected

and included PSA measurements, prostate ultrasound
scans, computed tomography (CT) of the chest, abdo-
men, and pelvis, and technetium-99 m bone scanning.
The AR-V7 status and clinical data were evaluated in a
blind and independent manner. All immunohistochemical
slides were examined and scored by two experienced pa-
thologists, who were blinded to all clinical data. If the
Immune-Reactive Score differed between two investigators,
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a third investigator evaluated the tissue sections, and the
average score was recorded.

Clinical outcomes
The primary outcome was PFS, which was defined as
the time from surgery to disease progression. Disease
progression including BCR and clinical or radiographic
progression. BCR was defined as a PSA increased for
two consecutive measurements and PSA level ≥ 0.2 ng/ml
for localized disease and 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 for
lymphatic or distant metastasis, according to PCWG3 cri-
teria [23]. Clinical or radiographic progression was defined
as symptomatic progression (worsening disease-related
symptoms or new cancer-related complications), radio-
graphic progression (the appearance of new lesions: either
two or more new bone lesions on bone scan or a soft tis-
sue lesion [according to the Response Evaluation Criteria
in Solid Tumors] [15, 24]).
The secondary end points were OS and cancer-special

survival (CSS). OS was defined as the time from surgery
to die for any reason. CSS was defined as the time from
surgery to die of prostate cancer.

Immunohistochemistry and evaluation
IHC staining was performed on surgical specimens to
assess AR-V7 expression (rabbit monoclonal, ab198394,
Abcam, Cambridge, UK, 1:150 dilution), androgen re-
ceptor full length (AR-FL) expression (rabbit polyclonal,
ab133273, Cambridge, UK, Abcam, 1:100 dilution) by
Bond Polymer Refine Detection System (Leica Biosys-
tems Newcastle, Newcastle upon Tyne, UK). We also
reviewed all reported AR-V7 IHC studies (see Supple-
mentary Table 1). The AR-V7 positive rates of nmHSPC
vary substantially among the different studies [21, 25–
29] (range 1.6% from 91.8%), which may because of the
differences in the TN stage, ethnicity and antibody.
Some studies in fact to the large extent suggest that
ab198394 (EPR15656 or EP343) is reliable in prostate
cancer tissue IHC [21, 25, 26]. The omission of the pri-
mary antibody with phosphate-buffered saline served as
a negative control for this detection system. The status
of AR-V7 expression was assessed by using an Immune-
Reactive Score that included the intensity and quantity
of cells stained [29–31]. The staining intensity including
negative, weak, moderate or strong, which was scored as
0, 1, 2, 3, respectively. The percent positivity was scored
as 0 (< 1%); 1 (1–10%); 2 (11–50%); 3 (51–80%) and 4 (>
81%). The final immune-reactive scores were presented
as the product of intensity and quantity (range 0–12).
Immune-reactive scores < 2 were considered negative
and scores ≥2 were considered positive.

Statistical analysis
All statistical analyses were performed with SPSS, v.22
(IBM, Armonk, NY) and GraphPad Prism v.7 (La Jolla,
CA). Continuous variables were presented as median
(range) or mean (standard deviation) and categorical
data were presented as number (proportion). Patients’
clinical and pathological characteristics were compared
by the Student’s t test for continuous variables and the
Chi square test of continuity correction for categorical
variables. PFS, OS, and CSS were estimated by the
Kaplan-Meier method and compared by log-rank test.
Both univariate and multivariate Cox regression analysis
models were used to compare hazard ratio (HR) and
evaluate the predictive role of all covariates for PFS, OS,
and CSS. All statistical tests were two sides, P < 0.05 was
considered significant. Five-years’ survival rates were
compared by Z-test.

Results
Patients’ baseline characteristics
Among these 110 patients, 78 were censored, including
4 received RT, 8 drop out and 66 because of the end of
follow-up period. The baseline characteristics of in-
cluded patients are shown in Table 1. Twent-one pa-
tients (19.1%) were AR-V7 positive and 89 (80.9%) were
AR-V7 negative. Representative IHC staining is shown
in Fig. 1. Baseline characteristics were comparable be-
tween these two groups, including age (P = 0.598), Glea-
son scores (P = 0.748), PSA (P = 0.368), T stage (P =
0.555), N stage (P = 0.444), prostate volume (P = 0.105),
prostate-specific antigen density (PSAD) (P = 0.368), sur-
gical margin (P = 0.811) and follow-up time (P = 0.964).
The median follow-up time among AR-V7-positive pa-
tients and AR-V7-negative patients were 57.6 (range:
41.1 to 76.5) and 57.6 (range: 33.7 to 83.3) months,
respectively.

AR-V7-positive is associated with worse prognosis after
AHT
Kaplan-Meier analysis showed AR-V7-positive patients
had shorter PFS (HR: 4.26; 95% CI, 1.55 to 11.68; P =
0.003) than AR-V7-negative patients (Fig. 2). The me-
dian PFS in AR-V7-negative patients was not reached
(range: 5.3–89.6 months), whereas 58.6 months (range:
4.6–76.5 months) in AR-V7-positive patients. The results
of the univariate Cox analyses are shown in Supplemen-
tary Table 2 and the results of multivariable Cox ana-
lyses are shown in Table 2. The multivariable Cox
model showed that the expression of AR-V7 is an inde-
pendent risk factor for shorter PFS (HR, 3.76; 95% CI,
1.63 to 8.70; P = 0.002) after adjusting for age, TN stage,
Gleason score and total PSA (Table 2). The five-year
survival rate of PFS among AR-V7-positive was lower
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than that of AR-V7-negative patients (52.4% vs 80.1%,
P = 0.004).
Overall, OS (HR: 6.61; 95% CI, 1.40 to 31.20; P =

0.017) and CSS (HR: 17.07; 95% CI, 2.35 to 124.07; P =
0.005) were significantly shorter among AR-V7-positive
patients than AR-V7-negative patients (Fig. 3). During
the follow-up period, 10 people died, of whom 5 patients
were AR-V7-positive. The multivariable Cox model
showed that the expression of AR-V7 is the only inde-
pendent risk factor for shorter OS (HR: 4.81; 95% CI,
1.28 to 17.86; P = 0.020) and shorter CSS (HR: 9.17; 95%
CI, 1.48 to 55.56; P = 0.017) after adjusting for age, TN
stage, Gleason score and total PSA (Table 2). The five-
year survival rates of OS and CSS among AR-V7-
positive and AR-V7-negative patients were 77.9% vs
94.9% (P = 0.009) and 77.9% vs 97.7% (P = 0.012),
respectively.
We further stratified patients into localized and locally

advanced disease. In localized disease, Kaplan–Meier
analyses indicated that the differences of PFS (P = 0.705),
OS (P = 0.393) and CSS (P = 0.172) among patients with
different AR-V7 status were not significant (Fig. 4a, b, c).
In locally advanced disease, Kaplan–Meier analyses indi-
cated that PFS was lower in AR-V7-positive patients
than in AR-V7-negative patients (median PFS: 38.18
months vs. undefined, P = 0.005) (Fig. 4d, e, f). The me-
dian OS (P = 0.039) and CSS (P = 0.019) in AR-V7-

positive patients were also shorter than that in AR-V7-
negative patients.

Discussion
Since the dependence of prostate cancer on androgen
signaling firstly discovered by Huggins and Hodges [32],
hormonal therapy has been considered as the standard
treatment for locally advanced and metastatic prostate
cancer. AHT aimed to improve the long-term survival of
patients with high-risk localized prostate cancer, positive
surgical margin, and pathologically positive lymph nodes
[24, 33]. Although some retrospective studies showed
that AHT cannot provide significant prognostic benefits
in patients with minimal nodal [12, 34], a RCT demon-
strated that early AHT provides significantly CCS and
OS improvement in high-risk prostate cancer [10]. The
finding suggested RP plus postoperative AHT was an
important component of multimodal strategies for high-
risk prostate cancer. Unfortunately, though AHT could
control the development of the disease for several years,
most of these patients would experience recurrence and
even death [35], which is consistent with our survival
surveillance data.
Quite a few scholars believe that one reason for the re-

sistant to ADT is the generation of AR splice variants.
Until now, more than 30 distinct AR splice variants have
been identified [36]. Among these variants, AR-V7 is the

Table 1 Baseline clinicopathological characteristics of all enrolled patients

Characteristics Total AR-V7 positive AR-V7 negative P

No. of patients (%) 110 21 89

Age (mean, SD, year) 66.02 (6.12) 65.38 (5.35) 66.17 (6.31) 0.598

Gleason score (n, %)

≤ 7 77 (65.25) 14 (66.67) 56 (62.92) 0.748

≥ 8 41 (34.75) 7 (33.33) 33 (37.08)

Pathological T stage (n, %)

2 75 (63.56) 14 (66.67) 51 (57.30) 0.555

3 33 (27.97) 5 (23.81) 32 (35.96)

4 10 (8.47) 2 (9.52) 6 (6.74)

Pathological N stage (n, %)

0 83 (70.34) 17 (80.95) 62 (69.66) 0.444

1 35 (29.66) 4 (19.05) 27 (30.34)

Surgical Margin (n, %)

R0 99 (83.90) 17 (80.95) 74 (83.15) 0.811

R1 19 (16.10) 4 (19.05) 15 (16.85)

Preoperative TPSA (mean, SD, ng/ml) 44.46 (58.80) 58.32.44 (81.76) 41.19 (52.02) 0.368

Prostate volume (mean, SD, cm3) 71.74 (34.02) 60.90 (18.15) 74.30 (36.39) 0.105

PSAD (mean, SD, ng/ml/cm3) 0.73 (1.17) 1.29 (2.29) 0.60 (0.63) 0.186

Follow-up time (mean, SD, months) 57.57 (10.56) 57.67 (9.24) 57.55 (10.90) 0.964

SD Standard Deviation, TPSA Total prostate-specific antigen, PSAD Prostate-specific antigen density. P-values less than 0.05 are highlighted in bold
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Fig. 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 tissue
samples. 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: × 100 (a, b, c, g, h, i) and × 400 (d, e, f, j, k, l)

Fig. 2 Kaplan–Meier analysis of PFS according to AR-V7 status. PFS: progression-free survival
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most common one [13, 14, 37]. AR-V7 is a truncated
androgen-receptor protein, which retains the trans-
activating N-terminal domain while lacks the C-terminal
ligand-binding domain [13, 15]. It can promote the acti-
vation of target genes irrespective of serum androgen
levels, leading to the development and growth of pros-
tate cancer [29]. Therefore, the expression of AR-V7
may indicate a poor response and prognosis for ARSi or
ADT [38]. Our previous retrospective study indicated
that AR-V7 expression in newly diagnosed prostate can-
cer is intimately correlated with the prognosis and ef-
fectiveness of ADT [21].
Now we focus on AHT. This study aims to report the

prognosis of AR-V7 positive patients receiving AHT.
AHT after RP may be considered as an effective treat-
ment for patients with high-risk localized and locally ad-
vanced prostate cancer in China although it is
recommended only for pN+ by current European Asso-
ciation of Urology (EAU) Guidelines [39, 40]. Moreover,
in China, quite a few patients choose to receive AHT in-
stead of adjuvant radiotherapy because of the fear of
complications of radiotherapy.
The AR-V7 positive rates of nmHSPC vary substan-

tially among the different studies [17, 21, 26–29] (range

1.6% from 91.8%), which may because of the differences
in the TN stage, ethnicity and antibody. A study was re-
ported by De Bono, Plymate, and colleagues [17], the au-
thors did an excellent and professional work
characterizing the AR-V7 antibody ab198394 (EPR15656
or EP343). In addition, to ensure that the protein de-
tected by ab198394, Heng L et al. [25] carried out pro-
tein and RNA isolation followed by western blot and
qPCR analysis on fresh tissue from selected prostate can-
cer patients. They found that AR-V7 was detected by
ab198394 at the correct size and appeared as the major
protein on western-blot in prostate cancer tissues, a find-
ing consistent with the results in De Bono’s study when
similar samples were assayed. Moreover, Kaczorowski A
et al. [26] directly compared the two antibodies used for
the immunodetection of AR-V7 (clones AG10008 and
RM7) in a predominantly high-risk prostate cancer patient
cohort. Although the overall rate of AR-V7 positive TMA
cores was comparable (AG10008, 24.9%; RM7, 21%), the
percentage agreement of identical staining intensities of
positive cores was only 7%. Clearly, improvements in the
detection of functional AR-V7 in prostate cancer are ur-
gently needed. Our previous study reported that the AR-
V7 positive rates of nmHSPC was 11.1% [21], which is

Table 2 Multivariate Cox analyses of PFS, OS and CSS in patients received AHT

Variables Outcomes Multivariate analysis

HR (95% CI) P-value

Age at diagnosis (ref: < 65.0 years)
Age≥ 65.0 years

PFS 1.17 (0.50–2.71) 0.717

OS 3.04 (0.62–14.93) 0.169

CSS 4.27 (0.45–40.00) 0.204

Gleason score at diagnosis (ref: 6≤ G ≤ 7)
Gleason score≥ 8

PFS 0.62 (0.25–1.58) 0.317

OS 1.70 (0.39–7.46) 0.483

CSS 3.02 (0.43–20.83) 0.265

Total prostate-specific antigen (ng/ml) (ref: < 20)
PSA≥ 20

PFS 1.06 (0.46–2.48) 0.887

OS 1.32 (0.29–6.06) 0.721

CSS 1.20 (0.12–11.76) 0.878

Pathological T stage at diagnosis (ref: T2)
T3,4

PFS 3.53 (1.39–9.01) 0.008

OS 0.72 (0.15–3.50) 0.682

CSS 0.98 (0.10–9.35) 0.987

Pathological N stage at diagnosis (ref: N0)
N1

PFS 1.75 (0.73–4.18) 0.210

OS 1.92 (0.46–8.06) 0.371

CSS 0.81 (0.08–8.62) 0.862

AR-V7-positive (ref: AR-V7-negative) PFS 3.76 (1.63–8.70) 0.002

OS 4.81 (1.28–17.86) 0.020

CSS 9.17 (1.48–55.56) 0.017

R1(ref: R0) PFS 2.02 (0.80–5.08) 0.135

OS 1.79 (0.38–8.47) 0.465

CSS 0.51 (0.04–7.35) 0.620

AHT adjuvant hormonal therapy, PSA prostate specific antigen, PFS progression-free survival, OS overall survival, CSS cancer-special survival. P-values less than 0.05
are highlighted in bold
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Fig. 3 Kaplan–Meier analysis of OS (a) and CSS (b) according to AR-V7 status. OS: overall survival; CSS: cancer-special survival

Fig. 4 Kaplan–Meier analysis of PFS, OS and CSS according to AR-V7 status in patients stratified by localized (a, b, c) or locally advanced disease
(d, e, f). PFS: progression-free survival; OS: overall survival; CSS: cancer-special survival
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lower than current study (19.1%). The difference may be-
cause of inclusion of lower T stage (<T2) and usage of bi-
opsy tissue in previous study [21, 25]. Our results showed
that AR-V7 was an independent risk factor for PFS, OS
and CSS in high-risk prostate cancer patients who re-
ceived adjuvant treatment. In subgroup analysis, our re-
sults showed AR-V7 status was an independent risk factor
for OS and CSS in locally advanced disease, but not the lo-
calized disease. Xin et al. demonstrated that the presence
of AR-V7-positive tumor cells is associated with an un-
favorable prognosis for BCR-free survival in patients re-
ceived adjuvant therapy [41]. The criteria for inclusion of
these two studies are different. Only patients received ad-
juvant androgen-deprivation therapy after radical prosta-
tectomy were selected for our study. Xin et al. collected all
patients received adjuvant therapy which including neoad-
juvant anti-hormonal therapy, adjuvant anti-hormonal or
radiotherapy. Moreover, our study has more high-risk
patients.
Despite recent medical advances in advanced prostate

cancer, the development of systemic adjuvant therapy
has remained relatively stagnant over the last few de-
cades for patients with high-risk disease, consisting of
only ADT. Novel hormonal therapies may provide on-
cologists with more efficacious drugs in the adjuvant set-
ting, potentially leading to effective adjuvant therapy
options for clinicians treating men with high-risk local-
ized prostate cancer. Some retrospective cohort study
demonstrated that adjuvant radiotherapy plus ADT was
associated with improved OS compared to ADT alone
(HR = 1.5) [42]. For AR-V7-positive prostate cancer pa-
tients, a novel therapeutic strategy is needed to improve
treatment outcomes. Antonarakis and colleagues dem-
onstrated that taxanes appear to be more efficacious
than enzalutamide or abiraterone therapy in AR-V7-
positive patients [43]. Furthermore, AR-V7-positive pa-
tients may also benefit from drugs which directly target
AR-V7, such as ASC-J9, cisplatin, niclosamide, etc. [44].

Limitations
First, because of the retrospective and observational na-
ture and the limited cases of this study, selection bias may
have occurred. Second, because all patients in the study
were from one center in central China, caution should be
taken in the generalization of our results to other popula-
tions. Third, no patients received RT followed by AHT
were included in this study. Last but not least, some pa-
tients were pN0, who were not recommended to receive
AHT by current EAU guideline. Prospective multicenter
studies are urgently needed. Nevertheless, our findings en-
courage prospective studies to test the role of nuclear AR-
V7 protein as a marker for aggressive tumor characteris-
tics among high-risk patients.

Conclusion
The presence of AR-V7 in prostate cancer tissue is inde-
pendently associated with an unfavorable prognosis for
PFS, OS and CSS in patients who received AHT. The ex-
pression of nuclear AR-V7 protein hence identifies a
subset of tumors with remarkably aggressive growth
characteristics among high-risk patients at the time of
radical prostatectomy.

Abbreviations
AA: Anti-androgen; ADT: Androgen deprivation therapy; AHT: Adjuvant
hormonal therapy; ARSi: Androgen receptor signal pathway inhibitor; AR-
V7: Androgen Receptor Splice Variant 7; AR-FL: Androgen receptor full
length; BCR: Biochemistry recurrence; CAB: Combined androgen blockade;
CRPC: Castration-resistant prostate cancer; CSS: Cancer-special survival;
CT: Computed tomography; ePLND: extended pelvic lymph node dissection;
HR: Hazard ratio; HSPC: Hormone-sensitive prostate cancer;
IHC: Immunohistochemical; LHRHa: Luteinizing hormone releasing hormone
analogs; nmHSPC: nonmetastatic hormone-sensitive prostate cancer;
OS: Overall survival; PFS: Progression-free survival; PSA: Prostate-specific
antigen; PSAD: Prostate-specific antigen density; RCT: Randomized clinical
trial; RP: Radical prostatectomy; RT: Radiotherapy

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40364-021-00276-x.

Additional file 1: Supplementary Table 1. The AR-V7 positive rates of
nmHSPC reported in published studies*. Supplementary Table 2. Uni-
variate Cox analyses of PFS, OS and CSS in patients received AHT. Univari-
ate Cox analyses of PFS, OS and CSS in patients received AHT.

Acknowledgements
Thanks for all co-author and participants.

Authors’ contributions
Drs Li and Ouyang had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of the data
analysis. Drs Wei Ouayng, Yucong Zhang contributed equally to this work.
Study concept and design: Heng Li. Acquisition, analysis, or interpretation of
data: All authors. Drafting of the manuscript: Wei Ouyang, Yucong Zhang.
Critical revision of the manuscript for important intellectual content: All
authors. Statistical analysis: Heng Li, Wei Ouyang. Obtained funding: Heng Li,
Xiaming Liu. Administrative, technical, or material support: Hua Xu, Zhiquan
Hu. Study supervision: Shaogang Wang, Zhangqun Ye. The authors read and
approved the final manuscript.

Funding
Supported by Natural Science Foundation of Hubei Province (Grant Number:
2018CFB459), National Natural Science Foundation of China (Grant Number:
82072838, 81702518), Huazhong University of Science and Technology
(Grant Number: 2019kfyXKJC06).

Availability of data and materials
The data used to support the findings of this study are available from the
corresponding author upon request.

Declarations

Ethics approval and consent to participate
This study was 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
committee (reference TJ-IRB20170801), and registered in the Chinese Clinical
Trial Registry (NO ChiCTR1800015334, http://www.chictr.org.cn/).

Ouyang et al. Biomarker Research            (2021) 9:23 Page 8 of 10

https://doi.org/10.1186/s40364-021-00276-x
https://doi.org/10.1186/s40364-021-00276-x
http://www.chictr.org.cn/


Consent for publication
Consent for publication was obtained from all co-author.

Competing interests
We declare no competing interests.

Author details
1Department of Urology, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430030, China. 2Hubei Institute
of Urology, Tongji Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China. 3Department of Geriatrics, Tongji
Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China.

Received: 27 November 2020 Accepted: 19 March 2021

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394–424.
https://doi.org/10.3322/caac.21492.

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer J Clin. 2016;66(2):115–32. https://doi.org/10.3322/
caac.21338.

3. Namiki M, Konaka H. What is appropriate neoadjuvant/adjuvant androgen
deprivation for high-risk/locally advanced prostate cancer? Asian J Androl.
2011;13(4):624–5. https://doi.org/10.1038/aja.2011.74.

4. Carver BS, Bianco FJ Jr, Scardino PT, Eastham JA. Long-term outcome
following radical prostatectomy in men with clinical stage T3 prostate
cancer. J Urol. 2006;176(2):564–8. https://doi.org/10.1016/j.juro.2006.03.093.

5. Nguyen CT, Reuther AM, Stephenson AJ, Klein EA, Jones JS. The specific
definition of high risk prostate cancer has minimal impact on biochemical
relapse-free survival. J Urol. 2009;181(1):75–80. https://doi.org/10.1016/j.juro.2
008.09.027.

6. Petrovich Z, Lieskovsky G, Stein JP, Huberman M, Skinner DG. Comparison
of surgery alone with surgery and adjuvant radiotherapy for pT3N0 prostate
cancer. BJU Int. 2002;89(6):604–11. https://doi.org/10.1046/j.1464-410x.2002.
02698.x.

7. Roehl KA, Han M, Ramos CG, Antenor JA, Catalona WJ. Cancer progression
and survival rates following anatomical radical retropubic prostatectomy in
3,478 consecutive patients: long-term results. J Urol. 2004;172(3):910–4.
https://doi.org/10.1097/01.ju.0000134888.22332.bb.

8. Yossepowitch O, Eggener SE, Bianco FJ Jr, Carver BS, Serio A, Scardino PT,
et al. Radical prostatectomy for clinically localized, high risk prostate cancer:
critical analysis of risk assessment methods. J Urol. 2007;178(2):493–9;
discussion 9. https://doi.org/10.1016/j.juro.2007.03.105.

9. Messing EM, Manola J, Sarosdy M, Wilding G, Crawford ED, Trump D.
Immediate hormonal therapy compared with observation after radical
prostatectomy and pelvic lymphadenectomy in men with node-positive
prostate cancer. N Engl J Med. 1999;341(24):1781–8. https://doi.org/10.1056/
NEJM199912093412401.

10. Messing EM, Manola J, Yao J, Kiernan M, Crawford D, Wilding G, et al.
Immediate versus deferred androgen deprivation treatment in patients with
node-positive prostate cancer after radical prostatectomy and pelvic
lymphadenectomy. Lancet Oncol. 2006;7(6):472–9. https://doi.org/10.1016/
S1470-2045(06)70700-8.

11. Wirth MP, Weissbach L, Marx FJ, Heckl W, Jellinghaus W, Riedmiller H, et al.
Prospective randomized trial comparing flutamide as adjuvant treatment
versus observation after radical prostatectomy for locally advanced, lymph
node-negative prostate cancer. Eur Urol. 2004;45(3):267–70; discussion 70.
https://doi.org/10.1016/j.eururo.2003.10.013.

12. McLeod DG, Iversen P, See WA, Morris T, Armstrong J, Wirth MP, et al.
Bicalutamide 150 mg plus standard care vs standard care alone for early
prostate cancer. BJU Int. 2006;97(2):247–54. https://doi.org/10.1111/j.1464-41
0X.2005.06051.x.

13. Hu R, Dunn TA, Wei S, Isharwal S, Veltri RW, Humphreys E, et al. Ligand-
independent androgen receptor variants derived from splicing of cryptic
exons signify hormone-refractory prostate cancer. Cancer Res. 2009;69(1):
16–22. https://doi.org/10.1158/0008-5472.CAN-08-2764.

14. Guo Z, Yang X, Sun F, Jiang R, Linn DE, Chen H, et al. A novel androgen
receptor splice variant is up-regulated during prostate cancer progression
and promotes androgen depletion-resistant growth. Cancer Res. 2009;69(6):
2305–13. https://doi.org/10.1158/0008-5472.CAN-08-3795.

15. Dehm SM, Schmidt LJ, Heemers HV, Vessella RL, Tindall DJ. Splicing of a
novel androgen receptor exon generates a constitutively active androgen
receptor that mediates prostate cancer therapy resistance. Cancer Res. 2008;
68(13):5469–77. https://doi.org/10.1158/0008-5472.CAN-08-0594.

16. Antonarakis ES, Lu C, Wang H, Luber B, Nakazawa M, Roeser JC, et al. AR-V7
and resistance to enzalutamide and abiraterone in prostate cancer. N Engl J
Med. 2014;371(11):1028–38. https://doi.org/10.1056/NEJMoa1315815.

17. Welti J, Rodrigues DN, Sharp A, Sun S, Lorente D, Riisnaes R, et al. Analytical
validation and clinical qualification of a new Immunohistochemical assay for
androgen receptor splice Variant-7 protein expression in metastatic
castration-resistant prostate Cancer. Eur Urol. 2016;70(4):599–608. https://doi.
org/10.1016/j.eururo.2016.03.049.

18. Wang Z, Shen H, Liang Z, Mao Y, Wang C, Xie L. The characteristics of
androgen receptor splice variant 7 in the treatment of hormonal sensitive
prostate cancer: a systematic review and meta-analysis. Cancer Cell Int.
2020;20(1):149. https://doi.org/10.1186/s12935-020-01229-4.

19. Wang J, Zhang Y, Wei C, Gao X, Yuan P, Gan J, et al. Prognostic value of
androgen receptor splice variant 7 in the treatment of metastatic castration-
resistant prostate Cancer: a systematic review and meta-analysis. Front
Oncol. 2020;10:562504. https://doi.org/10.3389/fonc.2020.562504.

20. Wang Z, Shen H, Ma N, Li Q, Mao Y, Wang C, et al. The prognostic value of
androgen receptor splice variant 7 in castration-resistant prostate Cancer
treated with novel hormonal therapy or chemotherapy: a systematic review
and meta-analysis. Front Oncol. 2020;10:572590. https://doi.org/10.3389/
fonc.2020.572590.

21. Li H, Wang Z, Xiao W, Yan L, Guan W, Hu Z, et al. Androgen-receptor splice
variant-7-positive prostate cancer: a novel molecular subtype with markedly
worse androgen-deprivation therapy outcomes in newly diagnosed
patients. Mod Pathol. 2018;31(1):198–208. https://doi.org/10.1038/modpa
thol.2017.74.

22. Yanqun Na ZY. Guang Sun, Yinhao Sun. Guidelines for the diagnosis and
treatment of urological diseases in China. Beijing: People’s Medical
Publishing House; 2013.

23. Scher HI, Morris MJ, Stadler WM, Higano C, Basch E, Fizazi K, et al. Trial
design and objectives for castration-resistant prostate Cancer: updated
recommendations from the prostate Cancer clinical trials working group 3. J
Clin Oncol. 2016;34(12):1402–18. https://doi.org/10.1200/JCO.2015.64.2702.

24. Ghavamian R, Bergstralh EJ, Blute ML, Slezak J, Zincke H. Radical retropubic
prostatectomy plus orchiectomy versus orchiectomy alone for pTxN+
prostate cancer: a matched comparison. J Urol. 1999;161(4):1223–7;
discussion 7-8. https://doi.org/10.1016/S0022-5347(01)61640-9.

25. Li H, Zhang Y, Li D, Ma X, Xu K, Ding B, et al. Androgen receptor splice
variant 7 predicts shorter response in patients with metastatic hormone-
sensitive prostate Cancer receiving androgen deprivation therapy. Eur Urol.
2021. https://doi.org/10.1016/j.eururo.2021.01.037.

26. Kaczorowski A, Chen X, Herpel E, Merseburger AS, Kristiansen G, Bernemann
C, et al. Antibody selection influences the detection of AR-V7 in primary
prostate cancer. Cancer Treat Res Commun. 2020;24:100186. https://doi.
org/10.1016/j.ctarc.2020.100186.

27. Sharp A, Coleman I, Yuan W, Sprenger C, Dolling D, Rodrigues DN, et al.
Androgen receptor splice variant-7 expression emerges with castration
resistance in prostate cancer. J Clin Invest. 2019;129(1):192–208. https://doi.
org/10.1172/JCI122819.

28. Kallio HML, Hieta R, Latonen L, Brofeldt A, Annala M, Kivinummi K, et al.
Constitutively active androgen receptor splice variants AR-V3, AR-V7 and
AR-V9 are co-expressed in castration-resistant prostate cancer metastases. Br
J Cancer. 2018;119(3):347–56. https://doi.org/10.1038/s41416-018-0172-0.

29. Qu Y, Dai B, Ye D, Kong Y, Chang K, Jia Z, et al. Constitutively active AR-V7
plays an essential role in the development and progression of castration-
resistant prostate cancer. Sci Rep. 2015;5(1):7654. https://doi.org/10.1038/
srep07654.

30. Mir C, Shariat SF, van der Kwast TH, Ashfaq R, Lotan Y, Evans A, et al. Loss of
androgen receptor expression is not associated with pathological stage, grade,
gender or outcome in bladder cancer: a large multi-institutional study. BJU Int.
2011;108(1):24–30. https://doi.org/10.1111/j.1464-410X.2010.09834.x.

31. Nuzzo PV, Rubagotti A, Zinoli L, Ricci F, Salvi S, Boccardo S, et al. Prognostic
value of stromal and epithelial periostin expression in human prostate

Ouyang et al. Biomarker Research            (2021) 9:23 Page 9 of 10

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://doi.org/10.1038/aja.2011.74
https://doi.org/10.1016/j.juro.2006.03.093
https://doi.org/10.1016/j.juro.2008.09.027
https://doi.org/10.1016/j.juro.2008.09.027
https://doi.org/10.1046/j.1464-410x.2002.02698.x
https://doi.org/10.1046/j.1464-410x.2002.02698.x
https://doi.org/10.1097/01.ju.0000134888.22332.bb
https://doi.org/10.1016/j.juro.2007.03.105
https://doi.org/10.1056/NEJM199912093412401
https://doi.org/10.1056/NEJM199912093412401
https://doi.org/10.1016/S1470-2045(06)70700-8
https://doi.org/10.1016/S1470-2045(06)70700-8
https://doi.org/10.1016/j.eururo.2003.10.013
https://doi.org/10.1111/j.1464-410X.2005.06051.x
https://doi.org/10.1111/j.1464-410X.2005.06051.x
https://doi.org/10.1158/0008-5472.CAN-08-2764
https://doi.org/10.1158/0008-5472.CAN-08-3795
https://doi.org/10.1158/0008-5472.CAN-08-0594
https://doi.org/10.1056/NEJMoa1315815
https://doi.org/10.1016/j.eururo.2016.03.049
https://doi.org/10.1016/j.eururo.2016.03.049
https://doi.org/10.1186/s12935-020-01229-4
https://doi.org/10.3389/fonc.2020.562504
https://doi.org/10.3389/fonc.2020.572590
https://doi.org/10.3389/fonc.2020.572590
https://doi.org/10.1038/modpathol.2017.74
https://doi.org/10.1038/modpathol.2017.74
https://doi.org/10.1200/JCO.2015.64.2702
https://doi.org/10.1016/S0022-5347(01)61640-9
https://doi.org/10.1016/j.eururo.2021.01.037
https://doi.org/10.1016/j.ctarc.2020.100186
https://doi.org/10.1016/j.ctarc.2020.100186
https://doi.org/10.1172/JCI122819
https://doi.org/10.1172/JCI122819
https://doi.org/10.1038/s41416-018-0172-0
https://doi.org/10.1038/srep07654
https://doi.org/10.1038/srep07654
https://doi.org/10.1111/j.1464-410X.2010.09834.x


cancer: correlation with clinical pathological features and the risk of
biochemical relapse or death. BMC Cancer. 2012;12(1):625. https://doi.org/1
0.1186/1471-2407-12-625.

32. Huggins C, Hodges CV. Studies on prostatic cancer. I. the effect of
castration, of estrogen and androgen injection on serum phosphatases in
metastatic carcinoma of the prostate. CA Cancer J Clin. 1972;22(4):232–40.
https://doi.org/10.3322/canjclin.22.4.232.

33. Engel J, Bastian PJ, Baur H, Beer V, Chaussy C, Gschwend JE, et al. Survival
benefit of radical prostatectomy in lymph node-positive patients with
prostate cancer. Eur Urol. 2010;57(5):754–61. https://doi.org/10.1016/j.
eururo.2009.12.034.

34. Wong YN, Freedland S, Egleston B, Hudes G, Schwartz JS, Armstrong K. Role
of androgen deprivation therapy for node-positive prostate cancer. J Clin
Oncol. 2009;27(1):100–5. https://doi.org/10.1200/JCO.2007.14.2042.

35. Horwich A, Parker C, de Reijke T, Kataja V, Group EGW. Prostate cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2013;24(Suppl 6):vi106–14. https://doi.org/10.1093/annonc/mdt208.

36. Wach S, Taubert H, Cronauer M. Role of androgen receptor splice variants,
their clinical relevance and treatment options. World J Urol. 2020;38(3):647–
56. https://doi.org/10.1007/s00345-018-02619-0.

37. Xu J, Qiu Y. Role of androgen receptor splice variants in prostate cancer
metastasis. Asian J Urol. 2016;3(4):177–84. https://doi.org/10.1016/j.ajur.2016.
08.003.

38. Scher HI, Lu D, Schreiber NA, Louw J, Graf RP, Vargas HA, et al. Association
of AR-V7 on circulating tumor cells as a treatment-specific biomarker with
outcomes and survival in castration-resistant prostate Cancer. JAMA Oncol.
2016;2(11):1441–9. https://doi.org/10.1001/jamaoncol.2016.1828.

39. Ye D, Zhang W, Ma L, Du C, Xie L, Huang Y, et al. Adjuvant hormone
therapy after radical prostatectomy in high-risk localized and locally
advanced prostate cancer: First multicenter, observational study in China.
Chin J Cancer Res. 2019;31:511–20. https://doi.org/10.21147/j.issn.1000-
9604.2019.03.13.

40. EAU. Guidelines presented at the EAU Annual Congress. EAU Guidelines
Office, Arnhem, The Netherlands, ISBN 978-94-92671-07-3; 2020.

41. Chen X, Bernemann C, Tolkach Y, Heller M, Nientiedt C, Falkenstein M, et al.
Overexpression of nuclear AR-V7 protein in primary prostate cancer is an
independent negative prognostic marker in men with high-risk disease
receiving adjuvant therapy. Urol Oncol. 2018;36:161 e19–30. https://doi.
org/10.1016/j.urolonc.2017.11.001.

42. Jegadeesh N, Liu Y, Zhang C, Zhong J, Cassidy RJ, Gillespie T, et al. The role
of adjuvant radiotherapy in pathologically lymph node-positive prostate
cancer. Cancer. 2017;123(3):512–20. https://doi.org/10.1002/cncr.30373.

43. Antonarakis ES, Lu C, Luber B, Wang H, Chen Y, Nakazawa M, et al.
Androgen receptor splice variant 7 and efficacy of Taxane chemotherapy in
patients with metastatic castration-resistant prostate Cancer. JAMA Oncol.
2015;1(5):582–91. https://doi.org/10.1001/jamaoncol.2015.1341.

44. Guo C, Yeh S, Niu Y, Li G, Zheng J, Li L, et al. Targeting androgen receptor
versus targeting androgens to suppress castration resistant prostate cancer.
Cancer Lett. 2017;397:133–43. https://doi.org/10.1016/j.canlet.2017.03.022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ouyang et al. Biomarker Research            (2021) 9:23 Page 10 of 10

https://doi.org/10.1186/1471-2407-12-625
https://doi.org/10.1186/1471-2407-12-625
https://doi.org/10.3322/canjclin.22.4.232
https://doi.org/10.1016/j.eururo.2009.12.034
https://doi.org/10.1016/j.eururo.2009.12.034
https://doi.org/10.1200/JCO.2007.14.2042
https://doi.org/10.1093/annonc/mdt208
https://doi.org/10.1007/s00345-018-02619-0
https://doi.org/10.1016/j.ajur.2016.08.003
https://doi.org/10.1016/j.ajur.2016.08.003
https://doi.org/10.1001/jamaoncol.2016.1828
https://doi.org/10.21147/j.issn.1000-9604.2019.03.13
https://doi.org/10.21147/j.issn.1000-9604.2019.03.13
https://doi.org/10.1016/j.urolonc.2017.11.001
https://doi.org/10.1016/j.urolonc.2017.11.001
https://doi.org/10.1002/cncr.30373
https://doi.org/10.1001/jamaoncol.2015.1341
https://doi.org/10.1016/j.canlet.2017.03.022

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Patients and tissues
	Study design and assessments
	Clinical outcomes
	Immunohistochemistry and evaluation
	Statistical analysis

	Results
	Patients’ baseline characteristics
	AR-V7-positive is associated with worse prognosis after AHT

	Discussion
	Limitations

	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

