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Abstract

The presence of two or more prostate cancer foci separated by intervening benign tissue in a single 

core is a well-recognized finding on prostate biopsy. Cancer involvement can be measured by 

including intervening benign tissue or only including the actual cancer involved area. Importantly, 

this parameter is a common enrollment criterion for active surveillance protocols. We 

hypothesized that spatially distinct prostate cancer foci in biopsies may arise from separate clones, 

impacting cancer involvement assessment. Hence, we used dual ERG/SPINK1 

immunohistochemistry to determine the frequency of separate clones—when separate tumor foci 

showed discordant ERG and/or SPINK1 status—in discontinuously involved prostate biopsy cores 

from two academic institutions. In our cohort of 97 prostate biopsy cores with spatially discrete 

tumor foci (from 80 patients), discontinuous cancer involvement including intervening tissue 

ranged from 20 to 100% and Gleason scores ranged from 6 to 9. Twenty four (25%) of 97 

discontinuously involved cores harbored clonally distinct cancer foci by discordant ERG and/or 

SPINK1 expression status: 58% (14/24) had one ERG+ focus, and one ERG−/SPINK1− focus; 
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29% (7/24) had one SPINK1+ focus and one ERG−/SPINK1− focus; and 13% (3/24) had one 

ERG+ focus and one SPINK1+ focus. ERG and SPINK1 overexpression were mutually exclusive 

in all tumor foci. In summary, our results demonstrate that ~25% of discontinuously involved 

prostate biopsy cores showed tumor foci with discordant ERG/SPINK1 status, consistent with 

multiclonal disease. The relatively frequent presence of multiclonality in discontinuously involved 

prostate biopsy cores warrants studies on the potential clinical impact of clonality assessment, 

particularly in cases where tumor volume in a discontinuous core may impact active surveillance 

eligibility.

Introduction

Although prostate cancer is the second leading cause of cancer-related deaths in men in the 

US, early detection with serum prostate-specific antigen (PSA) has led to the over-detection 

and over-treatment of indolent prostate cancer(1–3). Recently, active surveillance, where 

men newly diagnosed with prostate cancer undergo serial biopsy, PSA and/or imaging to 

delay intervention until prompted by clinicopathological evidence of disease progression (or 

patient decision), has emerged as management strategy for low risk prostate cancer that does 

not significantly decrease prostate cancer specific mortality compared to immediate 

treatment(4–6).

Despite advances in imaging and prognostic expression/protein assays, serum PSA and 

clinicopathological parameters are the only factors routinely used to assess prognosis at 

diagnosis (4, 6–11). Although pathological inclusion criteria for active surveillance 

protocols vary by institution or group, almost all include Gleason score, number (or 

percentage) of positive cores and the tumor measurement/length or maximum percentage of 

tumor involvement in any core (4, 5, 11–15). In particular, more than 50% of tumor 

involvement in any given core is commonly considered as an exclusion criterion for most 

active surveillance protocols (4, 5, 11–15).

However, when two or more foci of prostate cancer separated by intervening benign tissue 

are present in a single core biopsy, there is currently no consensus dictating the optimal 

method to report such a tumor involvement percentage. The pathologist can either 1) 

measure discontinuous foci as if they were one continuous tumor by including the benign 

intervening tissue, assuming they represent two sections of a unique tumor, or 2) only 

measure the areas actually involved by a tumor focus. The first option, which would report a 

higher percentage of tumor involvement of a core, has been proposed to be the optimal 

method by suggesting it is more representative of tumor volume at prostatectomy (16).

Prostate cancer is known to be a multifocal disease (17), with most radical prostatectomy 

specimens actually harboring clonally distinct tumor foci, as supported by single marker 

molecular subtyping and next generation sequencing (18–24). Of note, approximately 50% 

of PSA-screened prostate cancer foci in predominantly Caucasian populations harbor 

chromosomal rearrangements that result in the fusion of the 5’ untranslated region of 

TMPRSS2 to ERG, an ETS transcription factor, which can be detected by fluorescence in 
situ hybridization (FISH) or immunohistochemistry (25–27). Additionally, about 10% of 

prostate cancers show marked over-expression of SPINK1, which can be evaluated 
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concurrently with ERG by dual immunohistochemistry (28, 29). Importantly, in these 

studies, ERG fusion status has been shown to be clonal in a given tumor focus, and SPINK1 

and ERG show essentially mutually exclusive expression. Hence, dual ERG/SPINK1 

immunohistochemistry represents a simple, rapid and inexpensive method to assess tumor 

clonality in routine specimens.

In this study, we hypothesized that spatially distinct tumor foci in a given biopsy core may 

arise from separate clones, and sought to determine the frequency of such multiclonality. 

Thus, we used ERG/SPINK1 dual immunohistochemistry to determine whether 

discontinuous cancer foci truly represent the same tumor clone (uniform ERG/SPINK1 

status in separate foci), or multiclonal disease (discordant ERG/SPINK1 status between 

foci). Results of this pilot study demonstrate multiclonality in 25% of discontinuously 

involved cores, supporting additional studies on whether clonality impacts the prognostic 

ability of tumor volume at biopsy and prostatectomy.

Material and Methods

Patient population and specimen collection

Surgical pathology databases were searched for prostatic needle core biopsies containing 

“discontinuous prostatic adenocarcinoma” diagnosed between 2010 and 2013 at two 

institutions, Weill Medical College of Cornell University and University of Michigan. This 

study was performed with institutional review board approval from each institution.

Determining tumor involvement

Two genitourinary pathologists reviewed the H&E-stained slides for each case; biopsies with 

confirmed discontinuous foci of prostatic adenocarcinoma were selected. Only biopsies with 

intact cores (measuring at least 1 cm) were included in the study. As there are no consensus 

criteria for determining “discontinuous foci”, in this study we considered biopsies with 

tumor foci separated by at least 2.5 mm or 25% of total core volume as discontinuously 

involved (Figure 1A–C). For each core, the Gleason score was verified, and we determined 

the maximum percentage of tumor involvement by 1) routine histomorphology (inclusive of 

discontinuous foci), as well as 2) tumor involvement measured after evaluating ERG/

SPINK1 status (if discontinuously staining foci were present, we added the percentage of 

both foci [Figure 1A–C].

Evaluation of tumor clonality by ERG/SPINK1 dual immunohistochemistry

Dual ERG/SPINK1 immunohistochemistry staining (28) was performed on 5μm-thick 

unstained slides. These corresponded to intervening unstained levels generated as part of the 

standard diagnostic workup, or de-stained H&E slides when unstained slides were not 

available or tissue was exhausted from the block. Immunohistochemistry was performed 

either on the BenchMark ULTRA or the DISCOVERY XT automated staining systems 

(Ventana Medical System, Inc., Tucson, AZ). A monoclonal rabbit anti-ERG primary 

antibody from Ventana Medical Systems (EPR3864) and a mouse primary anti-SPINK1 4D4 

antibody (Abnova, Taiwan) were used, as previously described (26, 28–30). Brown and red 

chromogens were used for ERG and SPINK1, respectively.
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Tumor foci with intense (2+ or 3+) and diffuse (at least 90% of cancer cells) nuclear ERG 

staining were considered as ERG positive (ERG+). Endothelial cell nuclear staining was 

used as a positive internal control. Tumor foci with intense (2+ or 3+) cytoplasmic SPINK1 

staining in more than 10% of cancer cells were considered SPINK1 positive (SPINK1+).

Biopsies were considered multiclonal if they harbored spatially distinct foci with discrepant 

ERG and/or SPINK1 status (i.e. one ERG+/SPINK1− focus and one ERG−/SPINK1− focus; 

one ERG−/SPINK1− focus and one ERG−/SPINK1+ focus; or one ERG+/SPINK1− focus 

and one ERG−/SPINK1+ focus). Biopsies with uniform ERG or SPINK1 staining of tumor 

foci were considered clonal (Figure 1A–D).

Results

Ninety-seven prostate needle biopsies from 80 patients fulfilled our criteria for 

discontinuous involvement by prostatic adenocarcinoma (Table 1). Gleason scores ranged 

from 6 to 9. Maximum tumor involvement, including benign intervening tissue, ranged from 

20 to 100% of core length. Overall, ERG+ and SPINK1+ frequency (assessed per core) was 

38% (37/97) and 12% (12/97), respectively. ERG and SPINK1 expression was mutually 

exclusive in all evaluated tumor foci. ERG/SPINK1 immunohistochemistry status, Gleason 

score, and maximum tumor involvement for all evaluated cores are shown in a heatmap in 

Figure 1E. Benign prostate tissue was negative for ERG or SPINK1 expression, consistent 

previous reports of exceptionally rare staining for either antigen in benign prostate tissue(23, 
24, 26, 28, 30).

Of the 97 biopsies with discontinuous tumor, 24 (25%) showed discrepant ERG/SPINK1 

status between spatially distinct foci (Table 2). Within these 24 multiclonal biopsies, 14 

(58%) harbored one ERG+/SPINK− focus and one ERG−/SPINK1− focus; 7 (29%) harbored 

one ERG−/SPINK1+ focus and one ERG−/SPINK1− focus; and 3 (13%) showed one ERG+/

SPINK1− focus and one ERG−/SPINK1+ focus (examples of discordant foci are shown in 

Figure 2). When determining clonality by only considering ERG status, 17 (17.5%) had 

discordant ERG status between foci, consistent with multiclonal disease.

In the 24 multiclonal biopsies, Gleason scores were 3+3=6 in 54% (13/24), 3+4=7 in 21% 

(5/24), 4+3=7 in 17% (4/24) and 4+4=8 in 12% (2/24) of cores. There were no multiclonal 

cores with Gleason score ≥9 in our cohort. Maximum tumor involvement percentage in 

multiclonal biopsies, including intervening benign tissue, ranged from 20 to 100%. After 

incorporating multiclonal assessment (collapsing involvement to the summed tumor lengths 

of foci with discordant ERG/SPINK1 status), maximum tumor involvement percentage fell 

under under 50% in 22/24 biopsies (92%).

Discussion

Recent consensus statements recommend reporting the amount of cancer in prostate biopsies 

by estimating the percentage of tumor involvement in the core with the greatest tumor extent 

(11, 31). Importantly, this pathology parameter has been shown to be correlated with tumor 

volume at prostatectomy (32). Although measuring the percentage of involvement in a core 

may seem straightforward, it can be challenging for the pathologist when assessing biopsy 
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cores with discontinuous tumor separated by benign intervening tissue, which is a well-

recognized finding on prostate biopsies. There is currently no consensus on the best method

—including or excluding intervening benign tissue—when reporting tumor percent 

involvement in a discontinuously involved core. The choice of method remains controversial 

between pathologists, and both techniques are being utilized clinically (33–35).

Brimo et al. reported no significant difference using either tumor content estimation 

technique on predicting pathologic outcome at prostatectomy, although they included cases 

in which the amount of intervening benign tissue was less than 5mm (34).

However, recent studies propose reporting the maximum tumor involvement, including the 

benign intervening tissue, assuming that the separate foci represent the same tumor coming 

in and out of the core section. Karram et al. showed that this measurement method better 

correlated with stage and margin positivity in cases with Gleason 6 on biopsy with no 

upgrade at radical prostatectomy (16). Shultz et al. further supported this finding in a private 

practice setting (35).

Multiclonality/multifocality is well recognized at prostatectomy, as spatially distinct tumor 

foci are routinely appreciated. Importantly, molecular evidence supporting true 

multiclonality of distinct tumor foci has been demonstrated by our groups and others using 

ERG status (by FISH or immunohistochemistry as a surrogate) to identify distinct foci (18–
20, 23, 24). A recent study assessed clonality between biopsies in patients with multiple 

positive biopsy cores, using ERG immunohistochemistry as a clonal marker. In that study, 

Mertz et al. showed that approximately 12% of prostate needle biopsy sets in their cohort of 

patients with indolent prostate cancer showed heterogeneous ERG staining (36). In this 

study, we show that 25% of discontinuously involved prostate biopsies harbor clonally 

distinct tumors, revealed by discrepant ERG and/or SPINK1 immunohistochemistry status 

between foci. To our knowledge, this represents the first study to interrogate prostate cancer 

clonality in core needle biopsies with discontinuous tumor involvement. Although 

associations with disease burden at prostatectomy must be established in cases where the 

discontinuously involved core drives management, we hypothesize that reporting tumor 

volume by excluding intervening benign tissue (instead of including intervening benign 

tissue) will be more appropriate in cores with multiclonal discontinuous involvement. 

Hence, ERG/SPINK1 evaluation in such cases would be expected to increase the number of 

men eligible for active surveillance by identifying those with multiclonal involvement.

In our study, the frequency of ERG and SPINK1 overexpression was comparable to previous 

studies at 38% (37/97) and 12% (12/97), respectively. As expected, ERG status was 

therefore the major driver in determining clonality, since 17/24 (71%) of multiclonal cases 

showed at least one ERG+ focus. However, incorporating SPINK1 in a dual staining with 

ERG adds further data to support distinct clonal origin, since ERG+ and SPINK1+ represent 

distinct molecular prostate cancer subclasses and their expression is essentially mutually 

exclusive (23, 29, 37–39). Although other molecular subtypes have been identified (e.g. 
SPOP mutated), routine assays to identify them in situ (or surrogate tissue-based markers) 

are not yet available (40, 41). Although heterogeneous SPINK1 status has been observed 

within the same tumor focus (42), in our experience with prostatectomy specimens this 
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usually represents discrepant staining between the leading edge and center of a given focus 

(23, 28). Thus, although we interpret discordant SPINK1 staining between two 

discontinuous foci on biopsy as evidence of multiclonality (as a leading edge of both can be 

appreciated), this will require further validation using alternative techniques.

Given that this study represents, to our knowledge, the first assessment of multiclonality in 

discontinuously involved cores, we included cores from cases where tumor content of the 

discontinuous core would not have impacted potential active surveillance inclusion (e.g. the 

discontinuously involved core or other core had high grade/volume disease or numerous 

other cores were positive). However, our cohort did include cases where evaluation of the 

discontinuously involved core may have played a key role in clinical management. For 

example, one core was from a patient diagnosed with Gleason 3+3=6 prostate cancer in 1 of 

12 cores, with cancer discontinuously involved 80% of the core (Figure 3). This case was 

reviewed by an expert genitourinary pathologist at an outside institution, who agreed with 

high volume discontinuous involvement, and the patient underwent surgery. At radical 

prostatectomy, only a single, small (0.7 cm in greatest dimension) focus of Gleason score 6, 

organ confined prostate cancer was present, consistent with clinically insignificant disease 

by standard Epstein criteria (43). ERG/SPINK1 dual immunohistochemistry on the involved 

biopsy core demonstrated discordant ERG/SPINK1 status between the foci (Figure 3), and 

hence clonality assessment would support this patient as having two small foci (occupying a 

total of ~20% [~15% and <5% individually] of the core), warranting consideration for active 

surveillance.

Of interest, Arias-Stella et al. recently assessed a cohort of 40 patients where a 

discontinuously involved prostate biopsy core (when including intervening benign tissue) 

represented the maximally involved core and patients underwent prostatectomy (44). In their 

cohort, although 78% of patients had a single tumor focus in the corresponding region at 

prostatectomy, 22% had multiple small cancer foci (44). These results, when combined with 

our identification of multiclonality in ~25% of discontinuous foci on biopsy, further supports 

the need to determine whether clonality assessment at biopsy can be used to stratify disease 

involvement prior to prostatectomy.

There are several limitations to acknowledge in our study. First, we are likely 

underestimating the true rate of multiclonality, given that concordant discontinuous foci may 

still represent distinct tumor clones that cannot be resolved using currently available in situ 
assays. For example, in a biopsy with two discontinuous tumor foci that are ERG—and 

SPINK1−, they may still represent two different clones (as would be supported if SPOP 
mutant and SPOP wild-type). Second, we assessed a relatively small cohort, which may 

reflect that not all pathologists at our institutions have adopted the approach of reporting 

“discontinuous” cancer involvement on needle core biopsies, particularly in cases where it is 

unlikely to drive management. Likewise, we included cases where the discontinuous core 

did not drive management (e.g. the discontinuous core or other positive cores had Gleason 

score >6, there were multiple other positive cores or other high volume involved cores). Our 

study is a proof of principle study assessing the frequency of multiclonality across prostate 

biopsies with discontinuous tumor foci. Therefore, further validation on larger study sets 

including prospectively collected cohorts (e.g. active surveillance) is essential. Confirmation 
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of our hypothesis would provide compelling evidence that multifocal disease is common in 

biopsies with discontinuous tumor, supporting the opportunity to refine key 

histopathological parameters through incorporating multiclonality assessment to provide 

more accurate prognostic information. Likewise, assessment of the prognostic impact on 

assigned Gleason scores in discontinuously involved cores may also be of interest (e.g. a 

discontinuous Gleason score 3+4=7 foci may actually represent separate Gleason score 

4+4=8 and 3+3=6 foci). We expect that assessment of ERG/SPINK1 for clonality may also 

have utility in selected scenarios at prostatectomy. For example, we are assessing whether 

incorporation of ERG/SPINK1 in Gleason score 7 tumors may improve the prognostic 

ability of routine pathologic parameters (e.g. Gleason score and tumor size) through 

identifying tumors that are collisions of foci with distinct ERG/SPINK1 status. Examples of 

prostatectomy cases where a single tumor focus by morphology are composed of foci with 

discordant ERG/SPINK1 status are shown in Figure S1.

In summary, in our study, nearly 25% of prostate core biopsies with discontinuous tumor 

involvement harbored spatially molecularly distinct cancer foci, as indicated by discrepant 

ERG and/or SPINK1 status. Here we demonstrate that assessment of tumor clonality by 

ERG/SPINK1 dual immunohistochemistry in biopsies with discontinuous involvement of 

prostate cancer is an effective tool to refine histopathological parameters, specifically 

estimation of tumor involvement when discontinuous foci are present in prostate biopsies. 

Incorporation of this inexpensive ancillary test may have significant impact on routine 

practice as it could potentially increase the number of eligible patients for active 

surveillance. Clinical application of ERG/SPINK1 dual immunohistochemistry is an 

important area for continued study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Clonal evaluation in prostate biopsies with discontinuous tumor foci through ERG/
SPINK1 dual immunohistochemistry reveals relatively frequent multiclonality
A, Discontinuously involved cores (black indicates cancer foci) can be assessed by including 

intervening benign tissue (i.e. 80%, left side) or including only cancer (i.e. 15%+5%, right 

side). B. The former assumes that both foci are from the same tumor clone (biopsy core path 

schematically represented in orange) as visualized at radical prostatectomy (RP). The latter 

assumes the foci are from separate clones. C. ERG+/SPINK1−, ERG−/SPINK1− and ERG−/

SPINK1+ prostate cancer represent essentially mutually exclusive molecular prostate cancer 
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subtypes. Hence, we hypothesized that dual ERG/SPINK1 expression by 

immunohistochemistry (IHC) can be used to assess clonality in discontinuous foci. 

Discordant ERG/SPINK1 status in spatially distinct foci would confirm the presence of 

smaller, clonally distinct tumors at RP (schematic representation of two molecularly distinct 

tumors in different colors according to the legend). D. We performed dual ERG/SPINK1 

immunohistochemistry on 97 discontinuously involved prostate biopsy cores. Hematoxylin 

and eosin (H&E) staining and dual ERG/SPINK1 immunohistochemistry are shown from a 

discontinuously involved core. Both tumor foci (green and red boxes) were ERG+/SPINK1− 

consistent with concordant involvement and likely clonality. Note, whole core H&E and 

ERG/SPINK1 immunohistochemistry images are composites of two 2× original 

magnification photomicrographs; original magnification of individual tumor foci 

photomicrographs was 20× (insets of black dashed boxes shown at higher magnification). E. 

Gleason score (G.S.), per cent tumor involvement (% Inv.; inclusive of benign tissue) and 

ERG/SPINK1 staining in both foci of all assessed cores are shown in a heatmap according to 

the legend. Multiclonal cores, as evidenced by discordant ERG/SPINK1 staining between 

foci, are indicated by the red bracket.
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Figure 2. Identification of two clonally distinct tumor foci on discontinuously involved prostate 
needle biopsy cores by dual ERG/SPINK1 immunohistochemistry
H&E staining identifies two separate tumors that discontinuously involve 80% of one core in 

these 2 cases. Immunohistochemistry staining shows discordant ERG/SPINK1 status 

between foci (ERG, brown chromogen, nuclear localization; SPINK1, red chromogen, 

cytoplasmic localization). A. One focus is ERG+/SPINK− (right) and the other one is ERG−/

SPINK1− (left) B. One focus is ERG−/SPINK1+ (right) and the other is ERG−/SPINK1− 

(left), consistent with distinct clonal origin. Original images from whole slide imager 

scanned slides; insets of solid and dashed black boxes shown at higher magnification.
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Figure 3. Multiclonality in a patient with a single involved biopsy core who had insignificant 
disease at prostatectomy
Rarely, a discontinuously involved core can impact management in men potentially eligible 

for active surveillance. An example from a patient diagnosed with Gleason score 3+3=6 

prostate cancer in 1 of 12 cores, with tumor discontinuously involving 80% of the core is 

shown. At prostatectomy, a single, small focus of Gleason score 6, organ confined cancer 

was present, consistent with clinically insignificant disease. Retrospective ERG/SPINK1 

dual immunohistochemistry on the involved biopsy core demonstrated discordant ERG/

SPINK1 status between the foci (green and red boxes), and hence clonality assessment on 

the biopsy would support this patient as having two small foci (occupying ~15% and <5% of 

the core), rather than a single focus involving 80% of the core. Original magnification: 

whole cores 2× green tumor focus 10×, red tumor focus 20×; insets of dashed black boxes 

shown at higher magnification.
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Table 1

Pathological parameters of discontinuously involved prostate biopsies (n=97)

Gleason Score n (%)

6 35 (36%)

3+4 38(38%)

4+3 15(16%)

>7 9 (9%)

Maximum Tumor Involvement %

Median (range) 70% (20%–100%)

<50% Involvement, n (%) 22 (23%)

≥50% Involvement, n (%) 75 (77%)

IHC staining n (%)

ERG−/SPINK1− 51 (52%)

ERG+/ERG+ 20 (21%)

SPINK1+/SPINK1+ 2 (2%)

Discordant staining between foci 24 (25%)

Pathological parameters for 97 prostate biopsy cores with discontinuous involvement assessed by dual ERG/SPINK1 immunohistochemistry (IHC). 
Gleason score, maximum % tumor involvement (inclusive of intervening benign tissue) and ERG/SPINK1 status (of the two foci) are provided for 
each discontinuously involved core.
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Table 2

Pathological parameters of multiclonal biopsies as supported by discordant ERG/SPINK1 IHC (n=24)

Gleason Score n (%)

6 13 (54%)

3+4 5(21%)

4+3 4 (17%)

>7 2 (12%)

Maximum Tumor Involvement %

Median (range) 78% (20%–100%)

<50% Involvement, n (%) 2 (8%)

≥50% Involvement, n (%) 22 (92%)

Discordant IHC pattern n (%)

ERG+/SPINK1− and ERG−/SPINK1− 14 (58%)

ERG−/SPINK1+ and ERG−/SPINK1− 7 (29%)

ERG+/SPINK1− and ERG−/SPINK1− 3 (13%)

Pathological parameters for the 24 (25%) multiclonal discontinuously involved prostate biopsy cores (of 97 assessed) as determined by discordant 
dual ERG/SPINK1 immunohistochemistry (IHC). Gleason score, maximum % tumor involvement (inclusive of intervening benign tissue) and 
ERG/SPINK1 status of the two discordant foci are provided for each core.
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