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Abstract

Background—Given the uncertainties inherent in clinical measures of prostate cancer 

aggressiveness, clinically validated tissue biomarkers are needed. We tested whether Alpha-2-
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Glycoprotein 1, Zinc-Binding (AZGP1) protein levels, measured by immunohistochemistry, and 

RNA expression, by RNA in situ hybridization (RISH), predict recurrence after radical 

prostatectomy independent of clinical and pathological parameters.

Methods—AZGP1 IHC and RISH were performed on a large multi-institutional tissue 

microarray resource including 1275 men with 5 year median follow-up. The relationship between 

IHC and RISH expression levels was assessed using the Kappa analysis. Associations with clinical 

and pathological parameters were tested by the Chi-square test and the Wilcoxon rank sum test. 

Relationships with outcome were assessed with univariable and multivariable Cox proportional 

hazards models and the Log-rank test.

Results—Absent or weak expression of AZGP1 protein was associated with worse recurrence 

free survival (RFS), disease specific survival and overall survival after radical prostatectomy in 

univariable analysis. AZGP1 protein expression, along with pre-operative serum PSA levels, 

surgical margin status, seminal vesicle invasion, extracapsular extension and Gleason score 

predicted RFS on multivariable analysis. Similarly, absent or low AZGP1 RNA expression by 

RISH predicted worse RFS after prostatectomy in univariable and multivariable analysis.

Conclusions—In our large, rigorously designed validation cohort, loss of AZGP1 expression 

predicts RFS after radical prostatectomy independent of clinical and pathological variables.
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Introduction

Despite decreasing prostate cancer death rates over the past decade, systematic screening 

with serum prostate specific antigen (PSA) testing has been heavily criticized (1,2). Two 

large randomized trials (PLCO and ERSPC) have noted little or no survival benefit derived 

from PSA testing and suggested that prostate cancer is over treated (3,4). Paralleling these 

trials has been a growing realization that low risk prostate cancers left untreated can often 

show an indolent clinical course, giving rise to the concept of active surveillance for low risk 

lesions (5). Long-term follow-up from several active surveillance cohorts suggests that this 

is a safe approach, although not entirely without risk (6–8). Virtually all of the active 

surveillance programs involve relatively intense testing with PSA, digital rectal 

examinations, repeat biopsies, and, more recently, MRI examinations (9–11). This follow-up 

is necessitated by the inability to characterize the biological potential of low risk prostate 

cancers, as well as by sampling errors in biopsy and the poor performance of clinical 

measures of tumor aggressiveness. This follow-up also incurs significant financial and 

human costs due to repeated testing. Complicating matters further, some localized prostate 

cancers treated with surgery or radiation therapy alone appear to be more aggressive than 

clinical and pathological features suggest, and these might benefit from adjuvant therapy. 

Given the risks of over-treatment and under treatment in localized prostate cancer, new 

biomarkers to help characterize tumor aggressiveness are needed.

To address this need, our group has assembled a retrospective cohort of patients who have 

undergone radical prostatectomies and who have long-term follow-up (12). Using a case-
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control design with a quota-sampling plan, we have constructed a multi-institutional tissue 

microarray (TMA) resource for validation of candidate biomarkers of clinical outcome, with 

both pathological and clinical outcomes, such as recurrence free survival, recorded for 

nearly all patients (13,14).

We have previously demonstrated that loss of expression of zinc-alpha 2-glycoprotein 

(AZGP1 or ZAG) protein expression by immunohistochemistry is associated with an 

increased risk of recurrence after radical prostatectomy (15). This finding has been validated 

in several later studies, and loss of AZGP1 expression has also been shown to predict 

subsequent development of metastatic disease and death from prostate cancer (16–19). In 

addition, loss of transcriptional expression of AZGP1 has been associated with prostate 

cancer recurrence and death and is one of 12 prognostic transcripts measured in a 

commercially available tissue-based test called OncotypeDX from Genomic Health (20). 

OncotypeDX scores have been shown to correlate with adverse pathology on low and 

intermediate risk patients undergoing radical prostatectomy (20).

Our objective is to validate candidate biomarkers of prognosis to aid in treatment selection 

for men with localized prostate cancer. Based on strong preliminary data implicating loss of 

AZGP1 expression as a marker of adverse outcome in prostate cancer, we tested whether 

loss of RNA expression, using chromogenic RNA in situ hybridization (RISH), and loss of 

protein expression, by immunohistochemistry, were associated with recurrence free survival 

after radical prostatectomy.

Materials and Methods

TMA cases and construction

The study was carried out under IRB-approved protocols at each participating site (Stanford 

University, University of California San Francisco, University of Washington, University of 

British Colombia, University of Texas Health Sciences Center at San Antonio, Eastern 

Virginia Medical Center) and a materials transfer agreement that allowed sharing of tissue 

microarrays, clinical information and tissue samples. Cases included in the TMA cohort 

were selected randomly by the study statistician (ZF) using de-identified clinical data from 

each site such that recurrent and non-recurrent cases were balanced. Constraints were placed 

on selection such that recurrent cases in patients with Gleason score 3+3=6 and non-

recurrent cases in those with Gleason score 4+4=8 were oversampled. Details of case 

selection, tissue microarray construction and statistical considerations have been detailed 

elsewhere (12).

TMAs were constructed at 6 participating centers using agreed upon standard operating 

procedures and TMA layouts (12). Briefly, 3 cores of the highest grade cancer from the 

largest cancer area were harvested as 1 mm cores and transferred to the recipient block. In 

addition, one core of histologically normal prostate tissue was included from each case. A 

common set of tissue cores (colon, tonsil, kidney, healthy prostate, liver) from a single study 

site were placed in each TMA block as a staining control and for normalization. Once 

constructed, the TMAs were baked and stored under nitrogen gas at each site.
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Immunohistochemistry

Freshly cut 5 micron sections from each site were shipped to Stanford University for 

immunohistochemical staining. AZGP1 immunohistochemistry was performed using a 

commercial antibody (1:1500 dilution; HPA012582, Sigma Aldrich). All stained slides were 

digitalized using the Leica SCN400 scanning system with the SL801 autoloader (Leica 

Microsystems; Concord, Ontario, Canada) at magnification equivalent to 40×. The images 

were exported and stored in the SlidePath digital imaging hub (DIH; Leica Microsystems). 

Separate TMA sections were stained with hematoxylin and eosin (H & E) and high 

molecular weight keratins (HMWK, 34bE12, Dako) and scored for the presence of cancer in 

each core on the TMA as described previously (13). AZGP1 protein and RNA staining were 

scored by a single pathologist (LF) only in cores in which cancer was present as determined 

using the H & E and HMWK stains.

Representative cores (clearly positive, clearly negative and mixed positive/negative) were 

manually identified and values on a four-point scale were assigned to each immunostain and 

RISH. Immunohistochemical staining for AZGP1 was defined as absent, weak (faint 

cytoplasmic staining of scattered cells), moderate (intermediate or heterogeneous 

cytoplasmic staining in tumor cells), and strong (dense cytoplasmic staining of nearly all 

tumor cells) as defined previously (15). Similarly, AZGP1 RISH staining was scored as 

absent, weak, moderate and strong.

RNA in situ hybridization (RISH)

AZGP1 RNA expression was performed on 5 micron sections using the RNAscope® 2.0 HD 

Detection Kit (Red) assay (Cat. No. 310034, Advanced Cell Diagnostics) using probes for 

AZGP1 (Advanced Cell Diagnostics). Sections were deparaffinized in a series of xylene and 

ethanol and allowed to dry before incubation with “pretreatment 1” for 10 minutes at room 

temperature, boiled in “pretreatment 2” for 15 minutes, and protease-digested in 

“pretreatment 3” at 40°C for 30 minutes. Slides were then processed according to the 

manufacturer’s instructions. The bacterial gene DapB was used as a negative control and the 

housekeeping gene POLR2A served as a positive control. Sections were counterstained with 

Gill’s hematoxylin (Sigma-Aldrich) and mounted with Ecomount (Biocare Medical).

Statistical methods

A total of 1326 subjects are represented on the TMA and had their clinical data collected. 

The clinical and pathological characteristics included in the analysis were age, pre-surgery 

PSA, post-surgical Gleason score, seminal vesicle invasion (SVI), extra-capsular invasion 

(ECE), and surgical margin status. Subjects with 25% or more of their clinical or 

pathological characteristics missing were excluded from this analysis (N= 51). A total of 

1275 patients with evaluable AZGP1 staining data and the clinical and pathological data 

were included in the analysis.

The primary endpoint of this analysis was post-surgical recurrence-free survival (RFS) 

defined as the absence of PSA (biochemical) recurrence, local recurrence, prostate cancer 

metastases, or death from prostate cancer, with events scored at the earliest date noted after 

surgery. Disease-specific survival (DSS), defined as death from prostate cancer or 
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development of advanced metastatic disease, and overall survival (OS) were secondary 

endpoints. For all endpoints the baseline was set at the date of surgery. AZGP1 IHC and 

RISH score for each patient was the maximum score of all the cores from that patient as 

defined above. Based on previous work, AZGP1 stained cases were grouped as negative/

weak staining and compared to moderate/strong staining (15).

Summary statistics of patients’ AZGP1 protein and RNA scores were provided in 

frequencies and percentages. The association between AZGP1 expression levels by IHC and 

RISH was assessed by Kappa analysis and the Chi-square test. The association between 

AZGP1 expression levels and categorical values (seminal vesicle invasion, extracapsular 

extension, and positive surgical margins) was assessed by Chi-square test. The association 

between AZGP1 expression and continuous variables (pre-operative serum PSA levels and 

age) was assessed by the Wilcoxon rank sum test. The Kaplan-Meier (KM) method was used 

to estimate survival endpoints by AZGP1 expression group. Cox proportional hazard model 

was used to estimate effects AZGP1 expression on each survival endpoint. Unweighted and 

weighted analyses were performed, with the latter accounting for the oversampling of 

patients with recurrence less than 5 years after surgery. All tests were two-sided and p-values 

of 0.05 or less were considered statistically significant. Statistical analysis was carried out 

using SAS version 9 (SAS Institute, Cary, NC). Kaplan Meier plots were generated using 

Spotfire S+ 8.2 (TIBCO Inc., Palo Alto, CA).

Results

Patient population and staining results

A total of 1275 patients had available clinical and pathological data, as well as evaluable 

AZGP1 expression status by either IHC or RISH (representative images shown in Figure 1). 

For AZGP1 IHC, a total of 139 cases (11%) did not have evaluable staining data either 

because of core loss or because lack of cancer in the core samples. Of the remaining tumors, 

22% (252/1136) showed absent expression, 21% (240/1136) showed weak expression, 33% 

(372/1136) showed moderate expression, and 24% (272/1136) showed strong expression. 

The distribution of AZGP1 RISH staining was very similar - absent expression: 23%; weak: 

32%; moderate: 24%; and strong: 22%. For RISH, 186 cases did not have evaluable AZGP1 

staining. AZGP1 expression levels, clinical and pathological data are summarized in Table 1.

Expression levels of AZGP1 protein measured by IHC and RNA by RISH were associated 

with each other, although the correlation was modest. When compared on a per core basis, 

the Kappa value for the 4 staining groups between IHC and RISH was only 0.15 (95% CI: 

0.12 – 0.18), although the correlation by Chi-square test was highly significant (p < 0.0001). 

When IHC and RISH were assessed for each patient by grouping results on the 3 cores for 

each patient tumor sample the Kappa improved to 0.34 (95% CI: 0.30–0.38) and the Chi-

square test remained highly significant (p < 0.0001). Grouping patient samples into absent/

weak compared to moderate/strong expression did not improve the correlation between 

RISH and IHC (Kappa: 0.34; 95% CI: 0.29–0.40; p < 0.0001 by Chi-square test).
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AZGP1 expression and RFS after radical prostatectomy

Previous reports have demonstrated that AZGP1 expression assessed by IHC is prognostic in 

prostate cancer when cases are split categorically into absent/weak expression compared to 

moderate/high level expression (15,17). Our objective was to test whether splitting samples 

in this fashion could be validated in our carefully selected cases of patients who had 

undergone radial prostatectomy and had associated detailed clinical data including long-term 

follow-up. Kaplan-Meier analysis demonstrated that absent and weak expression of AZGP1 

protein showed significantly worse RFS compared to moderate and high expressing tumors 

(Supplementary Figure 1A). Moreover, RFS for the absent and weak staining were virtually 

identical as was RFS for the moderate and high level expression categories. These findings 

validated previous groupings of staining into 2 categories for IHC and therefore samples 

were divided into absent weak vs. moderate/strong for the remaining analyses.

AZGP1 expression levels measured by RISH showed a similar pattern to those seen with 

IHC, although with some differences (Supplementary Figure 1B). RISH expression level 

was a weaker predictor of RFS after prostatectomy (P = 0.011, log-rank test) compared to 

IHC (P < 0.0001, log-rank test). In addition, AZGP1 expression level assessed by RISH did 

not segregate into 2 discrete groups. While RFS appeared to be similar between absent and 

weak staining by RISH, moderate staining appeared to have intermediate outcomes 

compared to these groups and those that expressed high levels of AZGP1 RNA. However, 

the differences in RFS between moderate expressing cases and high and low expressing 

cases was small. Therefore, to allow for comparison of IHC and RISH results, we grouped 

RISH cases into absent/weak and moderate/strong staining.

AZGP1 protein and RNA expression and clinicopathological features

AZGP1 levels by IHC and RISH were tested for their association with clinical and 

pathologic features (Table 2). For both IHC and RISH, absent/weak expression of AZGP1 

was associated with adverse clinical features including positive surgical margins (PSM), 

extracapsular extension (ECE), and higher Gleason score (GS). However, absent/weak 

expression was not associated with seminal vesicle invasion (SVI), pre-operative serum PSA 

levels, or patient age (all P > 0.05). Lymph node status was not available for approximately 

half of the cases and therefore was not included in the analysis. Taken together, AZGP1 

expression status is associated with many, but not all clinical features important in prostate 

cancer prognosis after surgery.

AZGP1 expression and clinical outcomes

In univariable Cox proportional hazards analysis, absent or weak staining for AZGP1 by 

IHC was associated with significantly worse RFS (HR=1.49; 95% CI 1.26, 1.77; P<0.0001). 

Absent/weak AZGP1 expression was also associated with worse DSS (HR=1.84; P=0.03) 

and OS (HR=1.94;p=0.01). Likewise, absent/weak expression of AZGP1 by RISH was 

associated with worse RFS, although to a lesser degree (HR=1.26; 95% CI 1.05, 1.50; 

P=0.01). However, AZGP1 expression by RISH was not associated with DSS or OS (P=0.32 

and P=0.26, respectively). Univariable Cox proportional hazards analysis for AZGP1 

expression levels and clinical and pathological data are summarized in Table 3. Kaplan-

Meier analysis demonstrated that absent/weak expression AZGP1 IHC expression compared 
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to moderate/high expression was significantly associated with RFS (P < 0.0001, log-rank 

test), overall survival (P = 0.013, log-rank test), and disease specific survival (P = 0.024, log-

rank test) (Figure 2 A–C). Absent/weak expression AZGP1 RNA by RISH was also 

associated with worse RFS (P = 0.011, log-rank test), but not with OS or DSS (Figure 2 D–

F).

To evaluate whether AZGP1 IHC or RISH expression levels provided prognostic 

information independent of clinical variables, we performed multivariable Cox proportional 

hazards analysis using a backwards elimination procedure to identify the final model for 

each endpoint (Table 4). For RFS, absent/weak AZGP1 expression levels assessed by either 

IHC or RISH were independently associated with worse clinical outcome (HR=1.39; 

P=0.002 and HR 1.28; P=0.02, respectively), as were presence of positive surgical margins, 

extracapsular extension, seminal vesicle invasion, higher pre-operative PSA and increasing 

Gleason score. The concordance index (C-index) for the model including margins, SVI, GS 

and log[PSA] was 0.656 and improved to 0.659 with the addition of ECE, or to 0.661 with 

the addition AZGP1 RISH. A model including margins, SVI, ECE, GS, log[PSA] improved 

the C-index from 0.659 to 0.665 with addition of AZGP1 IHC. However, AZGP1 expression 

assessed either by IHC or RISH was not associated with DSS or OS on multivariable 

analysis. DSS was associated only with Gleason score and pre-operative PSA and OS 

survival was associated only with Gleason score and age as we have reported previously 

(13). The relatively small number of prostate cancer deaths or metastases (n=54) or deaths 

from all causes (n=71) limited our ability to test the association of the biomarkers with these 

endpoints.

Given our interest in identifying prognostic biomarkers for selection of patients for active 

surveillance, we evaluated whether AZGP1 expression could predict outcome in patients 

with GS ≤ 3+3=6. In univariable Cox proportional hazards analysis, AZGP1 IHC (HR 1.8) 

and RISH (HR 1.9) remained significant predictors of outcome. In a multivariable model 

including PSA, SVI, ECE and SM, both remained significant (HR 1.7 for both) 

(Supplemental Table 1). Kaplan Meier analysis confirmed strong association of AZGP1 

RISH and IHC with RFS (Supplemental Figure 2). The C-index improved from 0.618 to 

0.662 for IHC and 0.658 for RISH over the clinical model that included PSA, SVI, ECE and 

SM for patients with GS ≤ 3+3=6.

Discussion

There are no immunohistochemical markers of prognosis in clinical use to aid in the 

management of prostate cancer, despite clear clinical needs, and despite the number of 

candidates reported in the literature. One recurring issue has been the lack of meaningful 

validation for many biomarkers (21). To address this need, we developed the Canary multi-

institutional TMA with the explicit design to validate candidate biomarkers of prognosis in 

clinically localized low and intermediate risk disease (12). Using this platform, we have 

validated PTEN copy alterations using FISH and PTEN protein expression using a clinical 

grade assay, and Ki67 staining as providing prognostic information independent of clinical 

and pathological variables in our tumor set (14,22,23). Furthermore, we have shown that 

ERG and SPINK1 protein expression are not predictive of clinical outcome (13). Here we 

Brooks et al. Page 7

Prostate. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



demonstrate that AZGP1 protein and RNA expression provide independent prediction of 

RFS after prostatectomy. Furthermore, AZGP1 protein expression by itself correlates with 

OS as well as DSS and metastases. Since AZGP1 protein expression shows greater hazard 

ratios, more significant p-values and is readily measured in nearly all pathology laboratories, 

AZGP1 IHC should be further developed for use in clinical practice, possibly as part of a 

panel of IHC prognostic biomarkers.

Several previous studies have nominated AZGP1 as a candidate biomarker of prognosis. The 

role of AZGP1 in prostate cancer prognosis was first identified by our group based on the 

observation that AZGP1 expression was highly correlated with a gene-expression subtype of 

prostate cancer comprised of low risk tumors with favorable outcome (15). In addition, we 

showed that moderate/high AZGP1 protein expression was associated with improved RFS 

on an independent dataset of prostate tumors that did not overlap with cases included in the 

current study. Subsequently several groups have demonstrated that AZGP1 protein 

expression assessed by IHC is correlated with recurrence-free survival in univariable and 

multivariable analyses (16,18,19). Furthermore, Henshall et al. showed that loss of 

expression of AZGP1 by IHC was associated with the development of metastatic disease in 

228 men after prostatectomy, in agreement with our findings (17). Recently Burdelski et al. 

have shown that AZGP1 protein expression is a strong independent predictor of clinical 

outcome in a set of 8510 patients operated on in Germany (24). Given the relative strengths 

of their and our studies, AZGP1 appears to be a highly validated biomarker of prognosis in 

prostate cancer.

Decreased levels of AZGP1 RNA expression have also been associated with adverse clinical 

outcome in prostate cancer. AZGP1 transcript levels have been shown in meta-analyses and 

cross-validation studies to correlate with RFS after radical prostatectomy (15,20,25). In a 

recent tiered approach to biomarker identification and validation, AZGP1 was identified as 

one of a set of 12 transcripts that predicts outcome in radical prostatectomy patients, 

including metastases (20). Analysis of pre-treatment biopsies using a commercial test using 

these 12 transcripts and 5 control genes has been shown to predict upgrading and upstaging 

in men undergoing radical prostatectomy. Ours is the first study to assess AZGP1 RNA 

expression levels by RISH where we found it remains an independent biomarker of 

prognosis. While the correlation between RNA and protein levels was modest, they were 

highly significant, suggesting that AZGP1 expression is regulated largely at the transcript 

level. However, whereas protein expression appears to show a threshold between weak and 

moderate staining in influencing outcome, the data from RISH and RNA expression studies 

do not disclose such a threshold, and RNA expression levels appear to be a continuous 

predictor of risk. Furthermore, RNA expression measured by RISH was a weaker predictor 

of outcome compared to AZGP1 IHC. However, RISH is a relatively non-quantitative 

measure of RNA expression, and it is unclear whether measurement of AZGP1 RNA 

expression using a more quantitative assay by itself or in the context of other genes will 

better predict outcome compared to AZGP1 IHC. Direct comparison on identical samples 

will be necessary to evaluate the relative performance of quantitative measures of AZGP1 

RNA and AZGP1 IHC.
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Our study, coupled with previous work, strongly suggests that AZGP1 IHC could have value 

as a prognostic biomarker in prostate cancer and could find use in several clinical settings 

including selection of patients for active surveillance and identification of patients at risk for 

recurrence after radical prostatectomy that would benefit from adjuvant radiation therapy 

(26). AZGP1 expression provides independent, albeit modest improvement in predicting 

recurrence after radical prostatectomy, likely because of its association with adverse 

pathological features. However, this association with adverse pathology and the strong 

association with outcome in Gleason score ≤3+3=6 patients suggest its greatest utility could 

be selection of patients for active surveillance. One significant challenge will be developing 

clinical grade IHC assays for AZGP1 with well-characterized antibodies. Available 

antibodies against AZGP1 are polyclonal and ongoing availability for a clinical assay could 

be a significant issue. It is noteworthy, however, that loss of AZGP1 expression by IHC has 

been shown to be highly prognostic in several tumor types, including breast, gastric, and 

liver cancer (27–29). Therefore, development of clinical grade assays with a well-

characterized monoclonal antibody could find applications beyond prostate cancer.

The mechanisms by which loss of AZGP1 affects cancer aggressiveness are currently 

unknown. AZGP1 is an androgen-regulated gene, and AZGP1 protein is secreted at high 

levels in the prostatic fluid (30,31). Gene-expression profiling suggests that androgens 

regulate pathways associated with terminal differentiation in the prostate including secretory 

proteins (32,33). It is therefore possible that loss of AZGP1 merely reflects loss of terminal 

differentiation in more aggressive cancers. However, it is equally possible that AZGP1 plays 

an active role in suppressing carcinogenesis, particularly since it is prognostic across several 

tumor types. AZGP1 was originally described as a secreted member of the MHC1 family 

and it is possible it modulates immune response to the tumor (34,35). Furthermore, in colon 

cancer cell lines, forced over-expression of AZGP1 results in down-regulation of the mTOR 

signaling pathway, decreased proliferation and invasion, increased apoptosis and mitotic 

arrest (36). In pancreatic cancer cell lines, AZGP1 has been shown to act as a tumor 

suppressor and loss of expression induces epithelial to mesenchymal transition, increases 

invasion in activates cell survival programs (37). Clearly, additional work will be necessary 

to discover the role of AZGP1 in cancer progression.

Our study has some limitations. First, the relative age of some of the samples could affect 

RNA stability and influence RISH results, which might account for its lower predictive 

performance compared to IHC. Second, patient samples were collected retrospectively and, 

although we tried to limit biases by using a case control design, potential confounders are 

possible including changes in practice patterns or patient populations over time. Finally, 

rather than select cases that reflect the distribution of GS and RFS typical of the population 

of patients undergoing radical prostatectomy, we over-sampled recurrent low grade (GS 

3+3=6), balanced recurrent and non-recurrent cases with GS 3+4=7 and 4+3=7 and 

oversampled non-recurrent GS≥8 cancers. While this design has advantages in identifying 

biomarkers independent of GS, it will affect the weight of GS in univariable and 

multivariable models in predictions of clinical outcome.
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Conclusions

Loss of expression of AZGP1 protein and RNA are associated with adverse pathological 

features at radical prostatectomy and are independently associated with RFS after surgery. 

Loss of expression is associated with OS and DSS in our cohort. Together these findings 

identify AZGP1 IHC as an independent prognostic marker in prostate cancer and provide the 

basis for development of a clinical grade assay. Further work will be necessary to define the 

relative performance of AZGP1 protein and RNA based assays in assessing clinical outcome 

and to define the role of AZGP1 in suppressing cancer progression.
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Figure 1. Immunohistochemical and RISH AZGP1 staining in representative prostate cancer 
samples showing absent, weak, moderate and strong staining
Black bar in the upper left micrograph corresponds to 100 microns. All images scaled the 

same.
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Figure 2. Kaplan-Meier plots of clinical outcome with staining categorized as absent/weak vs. 
moderate/high AZGP1 expression levels
A) AZGP1 IHC and Recurrence Free Survival; B) AZGP1 IHC and Disease Specific 

Survival; C) AZGP1 IHC and Overall Survival; D) AZGP1 RISH and Recurrence Free 

Survival; E) AZGP1 RISH and Disease Specific Survival; F) AZGP1 RISH and Overall 

Survival.
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Table 1

Summary of pathological characteristics

Variable Status Number Percentage

Gleason Score Missing 10 0.78

≤ 6 549 43.06

3+4=7 458 35.92

4+3=7 143 11.22

8–10 115 9.02

Extracapsular extension Missing 17 1.33

No 877 68.78

Yes 381 29.88

Seminal vesicle Invasion Missing 17 1.33

No 1177 92.31

Yes 81 6.35

Surgical Margins Missing 179 14.04

Positive 385 30.20

Negative 711 55.76

AZGP1 protein IHC Missing 139 10.90

Absent 252 19.76

Weak 240 18.82

Moderate 372 29.18

Strong 272 21.33

AZGP1 RISH Missing 186 14.59

Absent 252 19.76

Weak 344 26.98

Moderate 257 20.16

Strong 236 18.51
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