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Abstract

Background—PT7EN is the most commonly deleted tumor suppressor gene in primary prostate
cancer (PCa) and its loss is associated with poor clinical outcomes and £RG gene rearrangement.

Objective—We tested whether PTEN loss is associated with shorter recurrence-free survival
(RFS) in surgically treated PCa patients with known ERG status.

Design, setting, and participants—A genetically validated, automated PTEN
immunohistochemistry (IHC) protocol was used for 1275 primary prostate tumors from the
Canary Foundation retrospective PCa tissue microarray cohort to assess homogeneous (in all
tumor tissue sampled) or heterogeneous (in a subset of tumor tissue sampled) PTEN loss. ERG
status as determined by a genetically validated IHC assay was available for a subset of 938 tumors.

Outcome measurements and statistical analysis—Associations between PTEN and ERG
status were assessed using Fisher’s exact test. Kaplan-Meier and multivariate weighted Cox
proportional models for RFS were constructed.

Results and limitations—When compared to intact PTEN, homogeneous (hazard ratio [HR]
1.66, p=0.001) but not heterogeneous (HR 1.24, p=0.14) PTEN loss was significantly associated
with shorter RFS in multivariate models. Among ERG-positive tumors, homogeneous (HR 3.07, p
< 0.0001) but not heterogeneous (HR 1.46, p=0.10) PTEN loss was significantly associated with
shorter RFS. Among ERG-negative tumors, PTEN did not reach significance for inclusion in the
final multivariate models. The interaction term for PTEN and ERG status with respect to RFS did
not reach statistical significance (o= 0.11) for the current sample size.

Conclusions—These data suggest that PTEN is a useful prognostic biomarker and that there is
no statistically significant interaction between PTEN and ERG status for RFS.

Patient summary—We found that loss of the PTEN tumor suppressor gene in prostate tumors
as assessed by tissue staining is correlated with shorter time to prostate cancer recurrence after
radical prostatectomy.

Keywords
Biomarker; ERG, Immunohistochemistry; PTEN.; Prostatic carcinoma; Radical prostatectomy

1. Introduction

PTEN is the most commonly deleted tumor suppressor gene in prostate cancer (PCa) [1-4]
and its loss is associated with poor pathologic and clinical outcomes [5-20]. Since the PTEN
gene is almost always lost by deletion in PCa, fluorescence in situ hybridization (FISH) has
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traditionally been used to detect PTEN loss and examine its association with outcomes
[13,14,16,17,21,22]. However, we and others have demonstrated that PTEN loss is
commonly subclonal and heterogeneous in primary prostate tumors [23-25], making its
detection by FISH or techniques that require nucleic acid extraction technically challenging
in some cases. Furthermore, there is emerging evidence that in addition to genetic deletion,
PTEN protein levels may be regulated by microRNAs and epigenetic modifications
[10,15,18]. To address these issues, we previously optimized and validated an
immunohistochemistry (IHC) assay to detect PTEN protein loss [18]. We recently
transferred this assay to an automated immunostaining platform that may be run in any
Clinical Laboratory Improvement Amendments—certified pathology laboratory.

The ERG gene is rearranged in approximately half of all prostate tumors [26,27]. Most
studies of surgically treated patients have shown that £RG gene rearrangements that lead to
increased expression of ERG protein are not associated with poor outcomes on their own
[27]. However, the presence or absence of ERG rearrangements may modify the association
of other risk factors with PCa outcomes [28]. Notably, PTEN deletion is more common in
ERG-rearranged prostate tumors [4,15-17,21,23,25,29-32], and PTEN loss almost certainly
occurs subsequent to £RG rearrangement in most cases [23-25]. This fact led several groups
to hypothesize that there may be a synergistic effect of ERG expression and PTEN loss on
PCa progression [29,30,33]. However, results from human studies have been mixed. While
early FISH-based studies suggested that £RG-rearranged PTEN-deleted tumors may have a
higher risk of biochemical recurrence compared to PTEN-deleted tumors lacking ERG
rearrangement [21], the largest FISH-based study did not replicate this finding [17]. In this
study we used highly validated, clinical-grade assays to assess the association of PTEN and
ERG protein status with recurrence-free survival (RFS) in a large multi-institutional cohort
of surgically treated PCa patients. We show that PTEN protein loss is most strongly
associated with shorter RFS if the loss is homogeneous in all tumor cores sampled, and that
the interaction between PTEN and ERG with respect to RFS did not reach statistical
significance.

2. Patients and methods

2.1. Subject selection and tissue microarray (TMA) design

The Canary Foundation retrospective PCa TMA resource has been described in detail
elsewhere [34]. In brief, radical prostatectomy (RP) tumor tissue from 1275 patients from
six academic centers was selected for the TMA using a quota sampling plan. Recurrent cases
of Gleason score 3 + 3 and 3 + 4 and nonrecurrent cases with Gleason score 4 + 4 were
oversampled in this cohort. While this strategy diminishes the prognostic significance of
Gleason score, it improves power to discover biomarkers that provide prognostic
information independent of Gleason score. Each tumor was sampled in triplicate using 1-
mm cores. The study was approved by the institutional review board at each participating
institution and was covered by a materials transfer agreement between institutions.

The TMA included samples from men with (1) recurrent PCa; (2) nonrecurrent PCa; and (3)
unknown outcome because of inadequate follow-up time (ie, censoring). Recurrent PCa was
defined as (1) a single serum prostate-specific antigen (PSA) level >0.2 ng/ml more than 8
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wk after RP; and/or (2) receipt of salvage or secondary therapy after RP; and/or (3) clinical
or radiologic evidence of metastatic disease after RP. Nonrecurrent PCa was defined as
disease with none of the indicators of recurrence for at least 5 yr after RP. Patients with no
evidence of recurrent PCa but less than 5 yr of follow-up after RP (ie, censored) were also
included in the TMA. The median follow-up for patients alive was 7 yr (range 1 d-21 yr).

2.2. IHC assays

PTEN IHC was performed on the Ventana platform (Ventana Discovery Ultra, Ventana
Medical Systems, Tucson, AZ, USA) using a rabbit anti-human PTEN antibody (Clone D4.3
XP; Cell Signaling Technologies, Danvers, MA, USA). We previously validated a manual
version of this assay using the same primary antibody [18].

PTEN protein status was visually scored by a trained pathologist (T.L.L.) blinded to clinical
data. A second reviewer (C.L.M.) independently scored all of the cases for evaluation of
interobserver variability in scoring. A tissue core was considered to have PTEN protein loss
if the intensity of cytoplasmic and nuclear staining was markedly lower or entirely negative
across >10% of tumor cells compared to surrounding benign tissue and/or stroma, which
provide internal positive controls [18]. If PTEN was lost in >10% and <100% of the tumor
cells sampled in a given core, the core was annotated as showing heterogeneous PTEN loss.
Alternatively, if the core showed PTEN loss in 100% of sampled tumor tissue, the core was
annotated as showing homogeneous PTEN loss. Cores were scored as having ambiguous
PTEN IHC results when the intensity of the tumor cell staining was light or absent in the
absence of evaluable internal benign tissue or stromal staining.

For statistical analysis, each tumor was scored for the presence or absence of PTEN loss by
summarizing scores for the cores sampled. A tumor was designated as having heterogeneous
PTEN loss if at least one tumor core showed heterogeneous PTEN loss (intracore
heterogeneity), or alternatively, if at least one core showed heterogeneous or homogeneous
PTEN loss and at least one core showed intact PTEN in tumor cells (intercore
heterogeneity). A tumor was scored as showing homogeneous PTEN loss if all tumor cores
sampled showed homogeneous PTEN loss. Finally, a tumor was scored as having intact
PTEN if all sample tumor cores showed intact PTEN.

ERG IHC was performed using a commercial rabbit monoclonal antibody to ERG (clone
EPR3864; 1:100; Epitomics, Burlingame, CA, USA) as previously described [35]. One set
of TMAs from a single institution (Eastern Virginia Medical School) was excluded because
of technically insufficient staining. ERG staining was manually scored for each individual
core as follows: 0 = no staining; 1 = faint nuclear staining visualized at high-power
magnification; and 2 = strong nuclear reactivity easily seen at low-power magnification. In
the current study, a tumor was considered ERG-positive in any tissue core showing strong
nuclear reactivity for ERG. It has been shown that these dichotomous ERG scoring criteria
correlate to fusion status [35,36].

2.3. Statistical analysis

Fisher’s exact test was used to assess association between PTEN IHC and ERG status.
Kaplan-Meier estimates of RFS were plotted by biomarker. An RFS event is defined as any

Eur Urol Focus. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lotan et al.

3. Results

Page 5

recurrence (clinical, biochemical, or salvage therapy), metastasis, or PCa death after surgery.
A Cox proportional hazards model was used to correlate multiple factors and biomarkers
with RFS. All tests were two-sided and p < 0.05 or less was considered statistically
significant. Statistical analysis was carried out using SAS version 9 (SAS Institute, Cary,
NC, USA). Graphs were generated using Spotfire S+ version 8 (TIBCO, Palo Alto, CA,
USA).

Of the 1275 patients with tissue sampled for the TMAs, 1095 (86%) had evaluable PTEN
status by IHC and 180 (14%) had missing data. Among the latter, 30/180 (17%) had
ambiguous immunostaining results and 150/180 (83%) lacked tumor tissue in the TMA
cores sampled. Of the tumors with evaluable staining, 258/1095 (24%) showed any PTEN
protein loss, comprising 150 (14%) with heterogeneous PTEN loss (in some but not all
tumor tissue sampled) and 108 (10%) with homogeneous PTEN loss (in all tumor tissue
sampled; Fig. 1). The remaining 837/1095 (76%) cases had intact PTEN protein according
to IHC for all tumor tissue sampled. Of the 150 cases with heterogeneous PTEN loss, 46
(31%) had only intercore heterogeneity (some cores with total loss and some with intact
PTEN), nine (6%) had only intracore heterogeneity, and 95 (63%) had both intracore and
intercore heterogeneity. A second reviewer scored all TMASs for evaluation of interobserver
variability in PTEN IHC scoring. There was very low interobserver variability between the
two independent reviewers, with 96.4% agreement over 2783 cores (x = 0.905; 95%
Cl1=0.887-0.923). Data for ERG in the cohort overall are reported elsewhere (Brooks JD et
al, PLOS ONE, in press). ERG immunostaining results were available for 938 of the 1095
cases with interpretable PTEN IHC results (86%). Of these 938 cases, 401 (43%) were
ERG-positive and the remainder were ERG-negative. PTEN loss (homogeneous or
heterogeneous) was relatively enriched among the ERG-positive tumors, with 132/401
(33%) of ERG-positive tumors showing any PTEN loss compared to 99/537 (18%) of ERG-
negative tumors (p < 0.0001; Table 1). ERG-negative tumors with any PTEN loss were
slightly more likely to have homogeneous PTEN loss (48/99, 48%) than ERG-positive
tumors with any PTEN loss (49/132, 37%), although this did not reach statistical
significance (p= 0.11, Fisher’s exact test).

PTEN IHC status was associated with a number of clinicopathologic factors, including
Gleason score and pathologic stage. Because information on pelvic lymph node status was
missing for nearly 40% of the cohort, we were not able to assess correlation of PTEN loss
with this parameter. Homogeneous PTEN loss was seen in only 4% of tumors with Gleason
score <6, compared to 18% of tumors with Gleason score 8-10 (p < 0.0001; Table 2). PTEN
loss was also associated with extraprostatic extension (p < 0.0001) and seminal vesicle
invasion (o =0.0009), and was thus associated with overall pathologic stage (o < 0.0001).
However, PTEN loss was not associated with preoperative PSA, patient age, or surgical
margin status (Tables 2 and 3). In univariate models, homogeneous PTEN loss was
significantly associated with shorter RFS compared to intact PTEN (hazard ratio [HR] 2.04;
£ < 0.0001) and heterogeneous PTEN loss (HR 1.43; p=0.03; Table 4, Fig. 2A). When
grouped together, any PTEN loss (heterogeneous or homogeneous) was significantly
associated with shorter RFS compared to intact PTEN (HR 1.66, p < 0.0001; Table 4, Fig.

Eur Urol Focus. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lotan et al.

Page 6

2B). When stratified by ERG status, any PTEN loss (heterogeneous or homogeneous) was
significantly associated with shorter RFS for both ERG-positive (HR 2.06, p < 0.0001) and
ERG-negative tumors (HR 1.62, p=0.001; Table 4, Fig. 3).

Multivariate models were constructed for a subset of 808 patients with complete
clinicopathologic information available. There was no difference between patients included
in these models and those excluded because of incomplete information for any
clinicopathologic variable measured (Supplementary Tables 1 and 2). In multivariate
models, homogeneous PTEN loss was associated with shorter RFS compared to intact PTEN
(HR 1.66, p=0.001; Table 5). Heterogeneous PTEN loss showed a nonsignificant trend
towards shorter RFS compared to intact PTEN (HR 1.24, p= 0.14; Table 5). To assess the
additive value of PTEN for RFS prediction when combined with clinicopathologic factors,
area under the receiver operating characteristic curve (AUC) plots were constructed
(Supplementary Fig. 1). Inclusion of clinicopathologic factors yielded AUC of 0.72, while
addition of two and three PTEN IHC status categories increased AUC to 0.73 and 0.74,
respectively.

Multivariate models were also constructed for ERG-positive and ERG-negative tumors
separately. Among ERG-positive tumors, homogeneous (HR 3.07, p < 0.0001) but not
heterogeneous PTEN loss (HR 1.46, p = 0.10) was significantly associated with shorter RFS
compared with intact PTEN. Among ERG-negative tumors, PTEN loss did not reach
significance for inclusion in the final model (p = 0.08), although the effect of PTEN loss was
in the same direction as seen for the ERG-positive group. The interaction term between
PTEN and ERG status did not reach statistical significance in a multivariate Cox model for
RFS (p=0.11), although post hoc bootstrapping simulations indicated that at least 1000
patients are required to detect an interaction with 80% power. In multivariate models in
which homogeneous and heterogeneous PTEN loss were grouped together, any PTEN loss
was associated with shorter RFS (HR 1.40, p=0.004; Table 6). When ERG-positive and
ERG-negative tumors were considered separately in multivariate models, the association
between any PTEN loss and shorter RFS was significant for ERG-positive tumors (HR 1.98,
p =0.0003) and nonsignificant for ERG-negative tumors, so was not included in the final
model. When PTEN status was modeled as intact or loss, the interaction term between
PTEN and ERG status was not statistically significant for RFS (p= 0.25).

4. Discussion

There is a growing need for biomarkers that help to distinguish indolent from aggressive
prostate tumors and add to current clinicopathologic risk stratification measures. We recently
developed and validated an IHC assay to assess PTEN protein loss in PCa [18]. The original
assay involved manual staining of slides, but we have now adapted this assay for automated
performance on a Ventana autostainer system and demonstrated equivalence to the manual
assay. In a subset of 551 tumors for which IHC (by the automated assay) and FISH data
were available [22], we found that intact PTEN immunostaining was 91% specific for the
absence of PTEN gene deletion by FISH, and 98% and 62% sensitive for detection of
homozygous and hemizygous gene deletion, respectively, by FISH [37].
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Using manual IHC, our group previously demonstrated that PTEN protein loss is associated
with higher risk of biochemical recurrence in a nested case-control cohort of surgically
treated patients [20]. Similar to the current findings with the automated protocol, PTEN loss
correlated with higher Gleason grade and stage, and homogeneous PTEN loss was
independently associated with biochemical recurrence in multivariate models with HR of
approximately 2. Of note, heterogeneous PTEN loss (in some but not all tumor tissue
sampled) was a weaker prognostic indicator compared to homogeneous loss, as seen in the
current study. Some cases of heterogeneous loss will likely be missed when the IHC assay is
applied to prostate biopsies because of sampling error (and may have been similarly missed
in the current TMA sampling). However, since heterogeneous loss is more weakly
associated with poor outcomes, these false negatives may be less clinically significant. It
remains unclear why homogeneous PTEN loss is more tightly associated with shorter RFS.
Homogeneous loss of PTEN protein may signify increased selection for (and expansion of) a
single PTEN-null clone, a finding that has been associated with PCa progression in a recent
single-cell analysis [38]. Equally plausible is the possibility that tumors with a higher mass
of PTEN-null cells have a higher risk of local or disseminated spread for stochastic reasons.
The current study adds insights to work identifying a putative interaction between PTEN
loss and ERG rearrangements. Mouse models have suggested that PTEN loss and
TMPRSS2:ERG gene rearrangement synergize to drive cell migration and invasion, perhaps
explaining the tendency towards co-occurrence in human PCa [29,30]. Furthermore, in the
mouse prostate, ERG expression may restore decreased androgen signaling due to reciprocal
feedback between PI3K and androgen receptor in the context of PTEN loss [33]. At least
four studies have examined the interaction of PTEN and ERG in association with PCa
progression in clinical series. The first study to explore the interaction between ERG and
PTEN used FISH to assess PTEN gene status in 125 patients [21] and found that PTEN loss
was more strongly associated with biochemical recurrence after RP among ERG-positive
compared to ERG-negative tumors. However, a larger study of 1895 patients [17] found no
influence of ERG status on the association of PTEN deletion assessed by FISH with
postoperative biochemical recurrence, and this result was replicated in an expanded cohort
including more than 5000 patients [39]. In a study of 262 patients [40], loss of PTEN protein
expression by IHC was more strongly associated with biochemical recurrence among ERG-
positive compared to ERG-negative tumors. Similar findings have been reported for a cohort
of patients treated with brachytherapy [41]. Only one study has examined the interaction of
PTEN and ERG and their association with PCa-specific mortality in a cohort of 308 patients
managed conservatively [16]. Interestingly, PTEN deletion detected by FISH was associated
with higher risk of PCa mortality among ERG-negative but not ERG-positive tumors.
However, in a subsequent study of 652 patients (including the original 308 patients), the
authors failed to validate this interaction between PTEN deletion and ERG status with
respect to PCa death [42].

Taken together, our study and previous work suggest that PTEN loss is associated with
biochemical recurrence in both ERG-positive and ERG-negative tumors. In our study, the
interaction term for PTEN and ERG status with respect to RFS did not reach statistical
significance in the Cox models. While post hoc power calculations indicate that we would
have needed at least 1000 samples to achieve 80% power to detect a significant interaction,
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such analyses must be interpreted with caution. While some prior studies have found that
PTEN loss is associated with poor prognosis only for ERG-positive tumors, this finding
could be because of the relative enrichment of PTEN loss among ERG-positive tumors.
Indeed, this may be why PTEN loss was not significant in the final multivariate models for
ERG-negative tumors, but was significant for ERG-positive tumors. In previous studies, only
between five and 19 ERG-negative tumors with PTEN loss were available for follow-up
[21,40,41], so the studies may also have been underpowered for observation of an
association with outcome in this subgroup. By contrast, the largest FISH-based study that
found no effect of ERG status on the association of PTEN loss with progression examined
97 and 356 ERG-negative PTEN-loss tumors in the original and expanded series [17,39].

There are a number of important limitations to the current study. Because of the multi-
institutional design, some data for the cohort are incomplete, including the lymph node
status of patients (missing for >40% of cases) and racial and family history information. In
addition, the outcome measured in the current study is RFS rather than PCa-specific
mortality. Of patients experiencing biochemical recurrence (as was seen in the majority of
the recurrent cases in the current study), only a minority will die from PCa, so this remains a
surrogate outcome measure with well-described limitations. Finally, the degree to which
PTEN adds to established clinicopathologic factors for prediction of prognosis in the RP
setting remains unclear. Receiver operating characteristic analysis demonstrated that PTEN
shifted the area under the curve (AUC) from 0.72 (with clinicopathologic factors alone) to
0.74 (combined three-category PTEN score and clinicopathologic factors). This effect size is
similar to that observed for newly available genomic classifiers such as Decipher in the RP
setting [43]. However, as seen in studies of genomic classifiers, even marginal shifts in AUC
can have a significant impact on decision curve analysis. Perhaps more importantly,
complete grading and pathologic staging information is not available in the setting of needle
biopsies, and thus biomarkers such as PTEN are likely have more added value for prediction
of prognosis.

5. Conclusions

Using a highly validated and automated IHC assay for a diverse and multi-institutional set of
PCa tumors, we found that homogeneous rather than heterogeneous PTEN protein loss is
most strongly associated with a higher risk of recurrence after RP, even after adjusting for
other clinicopathologic parameters. In univariate analyses, PTEN loss was associated with
poor outcomes among both ERG-positive and ERG-negative tumors and we did not find
evidence for a statistically significant interaction between PTEN and ERG status in
predicting RFS in multivariate models. If reproduced in additional cohorts, these data
suggest that PTEN IHC may be a simple and relatively inexpensive test to aid in
stratification of PCa risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take Home Message

We used highly validated, clinical-grade assays to assess the association of PTEN and
ERG protein status with recurrence-free survival (RFS) in a large multi-institutional
cohort of surgically treated prostate cancer patients. We show that PTEN protein loss is
most strongly associated with shorter RFS if the loss is homogeneous in all tumor tissue
sampled. In addition, we demonstrate that there is not a statistically significant interaction
between PTEN and ERG with respect to RFS.
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Fig. 1.
PTEN immunostaining examples from Canary the cohort (magnification 200x). (A) Intact

PTEN. Tumor tissue has similar immunostaining intensity to surrounding benign tissue. (B)
Homogeneous PTEN protein loss. All tumor tissue shows PTEN protein loss, with intact
PTEN staining in surrounding benign tissue. (C) Heterogeneous PTEN protein loss. A
subset of tumor tissue shows PTEN protein loss, while other intermingled tumor tissue
shows intact immunostaining. T = tumor; B = benign.
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A Probability of recurrence free survival (RFS) by PTEN status
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Fig. 2.
Kaplan-Meier probability of recurrence-free survival stratified by (A) homogeneous PTEN

loss, heterogeneous PTEN loss, and intact PTEN; and (B) any PTEN loss (homogeneous or
heterogeneous) and intact PTEN. N = total number of patients; E = events; hetero =
heterogeneous; homo = homogeneous.
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Probability of recurrence free survival (RFS) by PTEN/ERG status

——ERG-negative/PTEN intact (E/N = 202/438)
== =ERG-negative/any PTEN loss (E/N = 61/99)
——ERG-positive/PTEN intact (E/N = 92/269)

== ~ERG-positive/any PTEN loss (E/N = 77/132)

038

0.6
L

04
1
.
; s
1

Probability

_________

: :

© R i +

P-value < .0001
Q
i L} L] L L
0 5 10 15 20
Years After Surgery

) Year. 0 2.5 5 75 10 125 15 175 20
N.Risk.Neg/Intact: 438 292 228 88 46 19 6 1 1
N.Risk.Neg/Loss: 99 52 34 13 5 2 2 1 0
N.Risk.Pos/Intact: 269 196 149 70 27 14 1 1 0]
N.Risk.Pos/Loss: 132 75 53 15 4 0 0 0 0

Fig. 3.
Kaplan-Meier probability of recurrence-free survival stratified by PTEN and ERG status. N
= total number of patients; E = events; ERG™ = ERG-negative; ERG* = ERG-positive.
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Table 1

Summary of PTEN immunohistochemistry results stratified by ERG status

ERG status, n (%)

Negative  Positive

Intact PTEN 438 (81.6) 269 (67.1)
Heterogeneous PTEN loss 51 (9.5) 83 (20.7)
Homogeneous PTEN loss 48 (8.9) 49 (12.2)
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Multivariate Cox proportional hazards models for recurrence-free survival in association with homogeneous/

heterogeneous PTEN loss by ERG status

Table 5

Model and factor Comparison HR (95% CI) pvalue
All patients
(n= 808, 371 events)
log(PSA) 1-unit increase 1.44 (1.22-1.70)  <0.0001
PTEN status Homogeneous loss vs intact ~ 1.66 (1.22-2.24)  0.001
Heterogeneous loss vs intact  1.24 (0.93-1.65) 0.14
Margins Positive vs negative 1.73(1.39-2.16) <0.0001
Seminal vesicle invasion  Yes vs no 1.93(1.38-2.71) 0.0001
Extraprostatic extension  Yes vs no 1.30(1.03-1.63) 0.03
Gleason score 3+4vs6 1.15(0.89-1.48) 0.29
4+3vs6 1.87(1.38-2.54) <0.0001
8-10vs 6 1.50 (1.06-2.11)  0.02
ERG-positive
(n=284, 120 events)
log(PSA) 1-unit increase 1.56 (1.17-2.07)  0.002
PTEN status Homogeneous loss vs intact ~ 3.07 (1.94-4.84)  <0.0001
Heterogeneous loss vs intact  1.46 (0.93-2.30) 0.10
Margins Positive vs negative 1.88 (1.30-2.72)  0.0008
Seminal vesicle invasion  Yes vs no 3.55(1.85-6.79)  0.0001
ERG-negative
(n= 454, 220 events)
log(PSA) 1-unit increase 1.51(1.22-1.86) 0.0001
Gleason score 3+4vs6 1.24(0.89-1.73) 0.20
4+3vs6 2.01(1.37-2.96) 0.0004
8-10vs 6 1.78 (1.16-2.72)  0.008
Margins Positive vs negative 1.82(1.38-2.41) <0.0001
Extraprostatic extension  Positive vs negative 1.45(1.09-1.92) 0.01

HR = hazard ratio; ClI = confidence interval; PSA = prostate-specific antigen.
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Table 6

Multivariate Cox proportional models for recurrence-free survival in association with any PTEN loss by ERG
status

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Model and factor Comparison HR (95% CI) p value
All patients
(n= 808, 371 events)
log(PSA) 1-unit increase 1.44 (1.22-1.70)  <0.0001
PTEN status Any loss vs. intact 1.40 (1.12-1.77)  0.004
Margins Positive vs negative  1.73 (1.39-2.16)  <0.0001
Extraprostatic extension  Yes vs no 1.32 (1.06-1.66) 0.02
Seminal vesical invasion  Yes vs no 1.95(1.39-2.74)  0.0001
Gleason score 3+4vs<6 1.14 (0.89-1.47) 0.31
4+3vs<6 1.88 (1.38-2.55) <.0001
8-10 vs <6 1.47 (1.04-2.07) 0.03
ERG-positive
(n=284, 120 events)
log(PSA) 1-unit increase 1.60 (1.19-2.14) 0.002
PTEN status Any loss vs intact 1.98 (1.37-2.87)  0.0003
Margins Positive vs negative  1.89 (1.30-2.73)  0.0008
Seminal vesical invasion  Yes vs no 2.92 (1.54-5.54) 0.001
ERG-negative
(n= 454, 220 events)
log(PSA) 1-unit increase 1.51 (1.22-1.86) 0.0001
Margins Positive vs negative  1.82 (1.38-2.41)  <0.0001
Extraprostatic extension  Yes vs no 1.45(1.09-1.92) 0.01
Gleason score 3+4vs<6 1.24 (0.89-1.73) 0.20
4+3vs<6 2.01(1.37-2.86) 0.0004
8-10 vs <6 1.78 (1.16-2.72)  0.008
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HR = hazard ratio; CI = confidence interval; PSA = prostate-specific antigen.
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