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Abstract: Objectives: To determine whether assessing expression of MUC1 and ZAG proteins in prostate biopsies, by
immunohistochemistry, improves prediction of radical prostatectomy histopathology, which in turn predicts longer-term
outcomes.

Methods: We studied 231 consecutive patients managed by two experienced urologic surgeons (MF, LH). Each patient
had prostate biopsies revealing cancer followed by a radical prostatectomy. Expression of MUC1 and ZAG in biopsy
tissue was assessed by immunohistochemistry, masked to the radical prostatectomy histopathology. Data were analysed
by Chi-square, Fischer exact test & Mann Whitney U test followed by multivariate analysis using binary logistic
regression.

Results: By univariate analysis, MUC1 expression in prostate biopsies was associated with worse histopathology in the
radical prostatectomy specimen (p<0.023), while ZAG expression was associated with better pathology (p=0.03). By
multivariate analysis decreased expression of ZAG in biopsies (p=0.02), but not MUCL1 expression, improved prediction
of high-risk radical prostatectomy pathology beyond conventional biopsy variables; neither MUCL nor ZAG staining
improved prediction of minimal-risk cancers.

Conclusions: Assessment of ZAG expression in prostate biopsies, and possibly MUC1 expression, may improve
knowledge of prostate cancers in vivo or after radical prostatectomy.
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INTRODUCTION

Prostate biopsies are well known to be poor predictors of
the histopathology of prostate cancers in vivo, even when all
preclinical data are considered (e.g. serum PSA concentration
in  conjunction with biopsy histopathology) [1-7].
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False-negative biopsies can occur because only a small
proportion of the gland is sampled, and when cancer is found
in biopsies, the biopsy Gleason scores frequently
underestimate the Gleason scores after radical prostatectomy
(RPx) histopathologic review [1,3,8,9].

A number of studies have shown that
immunohistochemical (IHC) assessment of prostate cancer
expression of one or both of two proteins, MUC1 (a
membrane-bound member of the mucin family of O-
glycosylated proteins) and ZAG (AZGP1, a zinc-binding
alpha-2-glycoprotein) improves predictions of clinical
outcomes beyond conventional variables [10-12]. However,
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these prior studies generally used IHC on tissue from RPx
specimens rather than needle biopsy tissue.

The aim of this study was to determine whether
assessment of MUC1 and ZAG expression in prostate needle
biopsies would improve prediction of the histopathology of
the RPx specimen, which in turn has been shown to predict
longer-term outcomes [7, 13-20]. If assessing MUCL and/or
ZAG expression in biopsies improved prediction of RPx
pathology, beyond conventional variables, it could be used to
assist in defining management strategies for all patients with
prostate cancer, including those managed by watchful
waiting, active surveillance or radiotherapy — circumstances
where the histopathology of the prostate tumor in vivo is
unknown and may remain so.

METHODS

This study was approved by the Human Research and
Ethics Committee (HREC) of The Alfred Hospital (Approval
No. 213/12). The Alfred HREC is constituted according to
guidelines established by the Australian National Health and
Medical Research Council.

We retrospectively assessed consecutive patients who
had prostate biopsies showing PCa and then had a RPx
performed by either of two experienced urologic surgeons
(LH, MF). For each patient, the histopathology of the biopsy
cores was evaluated by two of the three experienced
uropathologists at TissuPath Specialist Pathology. RPx
tissues were evaluated by one uropathologist using
previously-described methods for RPx specimens, including
calculation of prostate volume and cancer volumes [21]. For
biopsies we recorded the number of cores obtained, the
percentage of cores with cancer, the maximum length of
tumor in a single core and the total length of cancer in all
cores. Because that latter variable is partly operator-specific
(the more cores, the greater the likelihood that total length of
cancer will increase) we computed a mean cancer length per
core (=[total cancer length]/[number of cores]). For both
biopsies and RPx specimens, in addition to Gleason score,
TissuPath uropathologists routinely estimated the proportion
of the cancer that was Gleason pattern 4 (“% pattern 47),
ranging from zero (a Gleason 3+3 tumor) to 100% (a
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Gleason 4+4/5 tumor; there were no biopsies with primary
pattern Gleason 5). For example, cancers with 5% to <50%
pattern 4 would have had a Gleason score of 3+4, while
those with 50% to <100% pattern 4 would have had a
Gleason score of 4+3. The advantage of this metric is that it
is a continuous variable which also emphasizes the
importance of Gleason pattern 4 for prognosis [22].

Demographic, histopathologic and clinical data
(specifically, the preoperative serum concentration of PSA,
in ng/ml) were obtained from pathology requests or the
urologic surgeons’ medical records; we also modeled “PSA
density” using the prostate volume (in cc) determined after
RPx (=[serum PSA concentration/[prostate volume]), as
estimates of prostate volume by ultrasound were seldom
recorded.

We divided RPx specimens into three groups, “high-
risk”, “intermediate risk”, and “minimal-risk” (also often
termed “indolent”). RPx cancers were deemed ‘“high-risk”
using the criteria proposed by O’Brien et al. and others
which defined “high risk” as a tumor having any one of the
following features: >50% of Gleason pattern 4 or 5, tumor
volume >4.0cc, presence of seminal vesicle invasion (SVI),
extraprostatic extension of the tumor (EPE), positive surgical
margins (PSM), or PSA>20 [1, 23, 24]. Each of these
variables except tumor volume has been shown to be
independently predictive of PSA failure after RPX [7], while
tumor volume has been shown to be significant in our studies
[21]. “Minimal-risk” (also termed “indolent”) prostate cancer
in the RPx specimen was also defined by the O’Brien et al.,
criteria [1], as organ-confined disease (no SVI, EPE or PSM)
with Gleason score <6 and tumor volume <0.5cc; these
criteria are equivalent to those proposed earlier by others
[18, 25-27]. “Intermediate-risk” cancers were those not
defined as high- or minimal-risk.

Four micron sections of prostate biopsies were
immunostained for MUC1 and ZAG using the Leica
Bondmax system (Leica Microsystems Pty Ltd, North Ryde,
NSW, Australia) and a novel, 2-color IHC system developed
by TissuPath Specialist Pathology that allowed assessment
of both proteins in single sections (See Fig. 1). After antigen
retrieval the sections were first stained with a primary goat

Fig. (1). Results of two- color |mmunoh|stochem|cal stalnlng of tissues for MUCl and ZAG. Photos at 400x magnlflcatlon Panel A: MUCl

staining only; Panel B: ZAG staining only.
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polyclonal 19gG to ZAG (Santa Cruz Biotechnology catalog
no. SC11238; ThermoFisher Scientific, Scoresby, VIC,
Australia) followed by a mouse mab to MUC1 (Novacastra
NCL-MUC1; Leica Microsystems Pty Ltd, North Ryde,
NSW, Australia). The reaction was completed using Bond
Polymer Refine Detection System (Leica). Tumor sections
stained for MUC1 and ZAG expression were scored as either
”no expression” (no staining) or “some expression” in which
case the proportion of cancer cells staining was estimated
(5% to 100%). The IHC data on the prostate biopsy sections
were interpreted by a single expert uropathologist (JP) who
was masked to the pathology of the RPx specimens. Only 13
(5.1%) of the original 252 subjects had to be removed from
analysis because of failure of the IHC reaction.

Statistical Analysis

Descriptive statistics were presented as median and
interquartile range (IQR) for continuous variables, or
percentages for categorical variables. Data that were not
normally distributed were log-transformed; if that did not
achieve normal distribution non-parametric statistics were
used. Univariate analyses assessing pre-operative variables
with RPx cancer risk type (high risk or minimal risk) were
performed using t-tests, Wilcoxon rank sum tests or Chi-
square tests as appropriate. Continuity corrections were used
when N<5. The results of Mann Whitney-U tests were
reported as medians (interquartile range; IQR) and the results
of the Chi-square analysis are expressed as percentage and
count (N) of the sample. Multivariate analysis of factors
associated with cancer risk type was undertaken by logistic
regression modelling using all factors associated on
univariate analysis (p<0.1) along with any other factors
associated with cancer risk type in other studies, followed by
backwards elimination. Statistical significance was set at
p<0.05 (two-sided) for all analyses. Table 2 was created
using IBM SPSS Statistics 20 (IBM Corporation, Armonk,
New York, USA); all other analyses used Statall (StataCorp
LP, College Station, Texas, USA).

RESULTS

Between October 2006 and March 2012 we ascertained
249 consecutive patients, managed by two experienced
urologic surgeons (LH and MF), who had prostate biopsies
followed by a RPx. A total of 231 subjects had all required
data (Table 1) and were included in these analyses. The
characteristics of this cohort were similar to other cohorts of
patients treated by radical prostatectomy[1, 7, 28, 29]. The
median number of ultrasound-guided, trans-rectal biopsies
taken for each subject was 17 (IQR, 15-20) and apical cancer
was present in 152 subjects (66%). Over two-thirds of
biopsies had Gleason scores of 3+3 or 3+4, with less than a
third having primary Gleason pattern 4 (none had primary
pattern 5).

Preoperative  biopsies imperfectly  predicted the
histopathology of the radical specimen as been shown by
many other studies [1, 3, 8, 9]. Our review of upgraded RPx
specimens with Gleason 3+3 biopsies indicated that many
had other characteristics suggesting that the RPx Gleason
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scores might be >6, including PSA concentrations above 10
and more than 30% of the biopsy cores showing cancer.

The proportion of cancer cells in biopsies expressing
either MUC1 or ZAG proteins (“IHC staining”) was
essentially dichotomous, as a frequency histogram of percent
staining for both proteins in all 231 subjects showed a break
point nadir of 40% of cancer cells expressing the protein.
Consequently we considered staining by either MUC1 or
ZAG as positive if >40% of cells expressed the protein,
while <40% staining was considered as negative. ZAG
expression was much more common than MUC1 expression,
particularly if “expression” was restricted to samples with
>40% of cancer cells expressing ZAG protein (Table 1).

High-risk pathology (as defined in the Methods section)
was found in well over half of the radical prostatectomy
specimens (Table 1). All except one of the 16 subjects with
SVI also had EPE, and that one subject had a 4.5cc tumor.
Only two (<2%) of the high-risk subjects were identified as
such solely on the basis of PSA>20 [24]. Less than 14% of
all RPx specimens had minimal-risk/indolent prostate
cancers (as defined in the Methods section), although this
was higher than the proportion seen in larger Australian (6%,
5%) and German (10%) cohorts [1, 25, 29]. Interestingly, 14
(29%) of the 47 subjects with tumor volumes <0.5cc (some
of whom had cancer volumes as small as 0.1cc) had high-
risk pathology, due to Gleason primary pattern 4 or 5 in all
cases with concurrent EPE in one.

We assessed how well conventional pre-surgical
variables, with the addition of MUC1 and ZAG expression,
were associated with either high-risk (Table 2) or minimal-
risk cancers (Table 3) by univariate analysis. High risk
cancers generally had higher serum PSA concentrations,
higher proportions of cores with cancer, higher median
cancer length per core, and more adverse Gleason variables
than not high-risk cancers (Table 2). MUC1 expression was
more frequent and ZAG staining less frequent in the biopsies
from high-risk cancers compared with those not high-risk,
consistent with the known biology of these proteins in
prostate cancer[10, 12, 30-33]. In those biopsies with >40%
MUC1 staining, the associated RPx specimens had a much
higher percentage of pattern 4 histopathology than in those
without biopsy MUC1 expression (median 70% versus 20%,
p<0.001, Wilcoxon rank-sum test).

A univariate analysis of minimal risk disease (=14% of
all RPx specimens) found only a few pre-operative variables
differentiating them from riskier cancers, including lower
PSA concentrations, less cancer seen in biopsies and less
pattern 4 histology seen in biopsies (Table 3). Minimal risk
disease at RPx was not associated with lower biopsy Gleason
scores in this cohort (p=0.36). Although there were more
ZAG-positive biopsies and fewer MUC1-positive biopsies in
minimal-risk cancers compared with riskier cancers, neither
MUC1 nor ZAG staining on biopsy was significantly
associated with minimal risk prostate cancers (the proportion
of minimal-risk cancers expressing ZAG or MUC1 was 15%
and 11%, respectively).
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Table 1. Characteristics of the entire study population (N=231).

Variable Values IQR

Pre-surgery Data

Serum PSA (ng/ml, median)(N=227) 5.6 43-83
PSA density” (PSA/prostate volume)(N=227) 0.13 0.093-0.20
No. of biopsy cores (median) 17 15-20
% of cores with cancer (median) 23 13-38
Longest Ca length in one core (median mm) 5 2-9
Total tumor length in all cores (median mm) 10 34-25
Mean tumor length per core (median mm) 0.53 02-15
Gleason scores (No. / %)* 3+3 51/22.1

3+4 110/47.6

443 48/20.8

8 16/6.9

9 6/2.6

% pattern 4 (median) 10 5-60
MUC1 (% of cells, median) 0 0-10
MUCI1 positive (No.)** 28

MUCL1 positive, ZAG negative (No.)** 18

ZAG (% of cells, median) 90 20 - 100
ZAG positive (No.)** 163

ZAG positive, MUC1 negative (No.)** 149

Radical Prostatomy (RPx) Specimen Data

Patient’s age at surgery (median years) 62.9 58.2-67.3
Interval between biopsy & surgery (months) 18 14-24
Prostate volume (PV) (median cc) 43 33-56
Tumor volume (TV) (median cc) 1.7 0.7-35
Tumor volume >4.0cc (No. / %) 49/21.2

TV as % of PV (median) 4 15-8
Gleason scores (No. / %)* 3+3 23/10.0

3+4 131/56.7

4+3 55/238

8 6/2.6

9 16/6.9

% pattern 4 (median) 20 10-70
Multifocal cancer (No. / %) 186/79.1

Extraprostatic extension (No. / %) 71/30.7

Seminal vesicle invasion (No. / %) 16/6.9
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Variable Values IQR
Pre-surgery Data
Positive surgical margins (No. / %) 50/21.6
Hi-risk disease (No. / %) 131/56.7
Minimal risk disease (No / %) 32/13.9

*No cases of Gleason 10 or 1° pattern 5. **IHC + or neg. as defined in Methods. Column heading abbreviations: IQR — interquartile ranges.

Table 2. Univariate analysis showing which pre-operative variables differentiate high-risk prostate cancers found at RPx from
those not high risk.
Variable High-risk RPx specimens (n=131) Not high risk RPx (n=100) p value and test
Age in years 63.1+/-74 625+/-7.1 0.56 *
Log(PSA) 1.89 +/- 0.69 (n=127) 1.64 +/- 0.58 0.004 *
Log(prostate vol) 3.80 +/- 0.37 3.77 +/- 0.38 0.57*
Log(PSA density) -1.91 +/- 0.69 (n=127) -2.13 +/- 0.62 0.01*
Log(months to surgery) 0.53 +/- 0.57 0.68 +/- 0.61 0.06 *
Log(% cores cancer +) -1.42 +/-0.80 -1.74 +/- 0.75 0.002 *
Longest cancer in 1 core, median mm (range) 6 (0.2-17) 4(0.5-18) 0.020 *
Log (total cancer length) 2.39+/-1.35 1.98 +/- 1.1 0.016 *
Log (tot length/no cores) -0.45 +/- 1.40 -0.90 +/- 1.15 0.01*
Pattern 4 % on biopsy 30 (0-100) 10 (0-90) <0.001*
Biopsy Gleason Score:
6 22 (16.8%) 29 (29%) 0.002 7
7 89 (67.9%) 69 (69%)
8 14 (10.7%) 2 (2%)
9 6 (4.6%) 0 (0%)
MUC1 % 0 (0-100) 0 (0-90) 0.023*
>40% MUCL1 staining 22 (16.8%) 6 (6%) 0.013~
ZAG % 90 (0-100) 90 (0-100) 0.24*
>40% ZAG staining 85 (64.9%) 78 (78%) 0.037

Note: p values <0.05 are in bold-face type. * t test; * Wilcoxon rank sum test;
A Chi-square test

Logistic regression modeling to define independent
variables determining high-risk cancers was undertaken by
including all the conventionally available factors associated
with high-risk disease from our univariate analysis (p<0.1)
together with patient age (previously associated with high-
risk disease in other studies (Tables 4a & b) [34]. After a
stepwise removal procedure, the conventional pre-surgical
variables independently associated with high-risk prostate
cancer were higher PSA, greater proportion of cores showing
cancer and greater percentage of Gleason pattern 4 seen on
biopsy (Table 4a). Consistent with previous reports [1], the
predictive utility of these factors was only modest, with a
model R® of 0.13. When modeling was repeated including

MUC1 and ZAG staining, having >40% ZAG staining on
biopsy was independently associated with a reduced
likelihood of high-risk disease; consequently, inclusion of
ZAG staining improved the ability to predict high-risk
disease using pre-operative factors and increased model R?
by 15% to 0.15 (Table 4b).

Multivariate analysis identified factors independently
associated with minimum-risk cancers including lower PSA
concentration, decreased percentage of cores with cancer and
decreased percent of Gleason primary pattern 4, as well as an
unexpected association with increasing age (Table 5). The
utility of conventional pre-operative factors for predicting
minimal risk disease was modest, with model R*=0.11, and
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Table 3. Univariate analysis showing which pre-operative variables differentiate minimal risk disease found at RPx
from those without minimal risk disease.
Variable Minimum risk RPx (n=32) NOT minimum risk RPx (n=199) p value and test
Age in years 63.2 +/-6.1 62.8 +/-7.4 08*
Log(PSA) (n=195) 1.50 +/- 0.70 1.83 +/- 0.64 0.009 *
Log(prostate vol) 3.74 +/- 0.43 3.79 +/- 0.37 0.48*
Log(PSA density) ((n=195) -2.24 +/-0.71 -1.97 +/- 0.66 0.03*
Log (months to surgery) 0.68 +/- 0.49 0.58 +/- 0.60 04*
Log(% cores cancer +) -1.85+/-0.78 -1.52 +/-0.78 0.03*
Longest cancer in 1 core, median mm (range) 4(05-12) 5(0.2-18) 0.05%
Log (total cancer length) 1.77 +/- 1.06 2.28 +/-1.27 0.03*
Log (tot length/no cores) -1.10 +/- 1.10 -0.57 +/- 1.33 0.04 *
Pattern 4 % on biopsy 5 (0-70) 20 (0-100) <0.001*%
Biopsy Gleason Score:
6 10 (31.3%) 41 (20.6%) 036"
7 21 (65.6%) 137 (68.84%)
8 1(3.1%) 15 (7.54%)
9 0 (0%) 6 (3.02%)
MUC1 % 0 (0-90) 0 (0-100) 1.0*
>40% MUC1 staining 3 (9.4%) 25 (12.6%) 0.6
ZAG % 97.5 (0-100) 90 (0-100) 0.45%
>40% ZAG staining 25 (78.1%) 138 (69.4%) 0.3~

* t test; # Wilcoxon rank sum test; ~ Chl-square test

Table 4a. Results of logistic regression modeling to determine which conventional pre-operative factors are
independently associated with high-risk prostate cancer, not including MUCL1 or ZAG staining data.
Factor Odds Ratio 95% ClI p value
Log(PSA) 1.57 0.96 — 2.56 0.07
Log(cancer %) 131 0.88-1.96 0.18
Percentage pattern 4 1.02 1.01-1.03 <0.001

Overall model p<0.0001, R*=0.13

Table 4b. Results of logistic regression modeling to determine which pre-operative factors are independently

associated with high-risk cancer, including MUC1 & ZAG staining.

Factor Odds Ratio 95% ClI p value
Log(PSA) 1.60 0.97 - 2.64 0.06
Log(cancer %) 1.29 0.86 — 1.92 0.22

Percentage pattern 4 1.02 1.01-1.04 <0.001
>40% ZAG staining 0.47 0.25-0.90 0.02

Overall model p<0.0001, R*=0.15.

inclusion of MUC1 and ZAG staining did not improve the
model, with neither surviving the step-wise removal process.

Because data showing that MUC1 and ZAG expression
have opposite predictive values of similar magnitude [10,
35], we substituted data from biopsies where only one
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Table 5. Results of logistic regression modeling to determine the conventional pre-operative factors associated with
minimal-risk disease at prostatectomy.
Factor Odds Ratio 959% CI p value
Age in years 1.04 0.98-1.10 0.16
Log(PSA) 0.49 0.25-0.94 0.03
Log(percentage cancer) 0.69 0.39-1.21 0.2
Percentage pattern 4 0.98 0.96 — 0.995 0.02

Overall model p=0.0003, R*=0.11.

protein was expressed but the other was not (e.g. MUC1
>40% but ZAG<40% and vice versa — see Table 1) in our
univariate and multivariate analyses. The results of these
analyses were equivalent to those in Tables 3-5 (data not
shown). We also looked at the pre-surgical variables
predicting an RPx specimen with >50% Gleason pattern 4.
The conventional factors predicting >50% pattern 4 in the
RPx specimen included serum PSA concentration, PSA
density, proportion of cores with cancer, percent pattern 4 in
the biopsy and Gleason score >7 in the biopsy, as well as
MUCL staining (% pattern 4 on biopsy explained almost
35% of the variation). There was a trend towards reduced
ZAG expression also predicting >50% pattern 4 in the RPx
specimen. The conventional pre-surgical variables produced
a model with an R? of 0.44, while adding MUC1 increased
the R? only slightly to 0.45.

We also assessed the utility of IHC expression of MUC1
and ZAG by constructing a receiver operating characteristic
(ROC) curve. An ROC curve comparing the percentage of
biopsy staining for MUC1 with the finding of a high-risk
tumor after RPx showed the area under the curve (AUC) of
0.58 (95%CI 0.51-0.64), confirming the at least modest
predictive utility of assessing the expression of this protein.
The ROC AUC for ZAG expression was 0.46 (Cl 0.39-0.53).

We also analyzed 25 low-risk cancers and 90 high risk
cancers with sole MUCL or ZAG expression by IHC for their
association with high-risk or minimal-risk cancers. Fourteen
(88%) of the 16 biopsies solely expressing MUC1 were
associated with high-risk cancers, but only 16% of biopsies
from these high-risk cancers expressing MUC1. Of 99
biopsies expressing solely ZAG, only 23% were biopsies
associated with minimal risk cancers and 23 (92%) of these
biopsies were ZAG positive. However, 84% of biopsies from
high-risk cancers also expressed ZAG.

DISCUSSION

This study is the first to assess the utility of MUC1 and
ZAG expression in prostate biopsies for prediction of RPx
histopathology in patients with prostate cancer. Adverse
histopathology in the RPx specimen has been shown to be a
surrogate for longer-term poor outcomes such as PSA failure
and/or prostate cancer-related death [7, 17, 20, 25, 36-40].
On univariate analyses our data showed that MUCL staining
of prostate biopsies, compared with MUC1-negative
biopsies, significantly predicted two adverse features of
subsequent RPx specimens: a higher percent pattern 4 and a
higher proportion of high-risk cancers. MUCL staining also
predominated in high-risk cancers compared with those that

were low- or intermediate-risk. For ZAG staining, univariate
analyses showed only a trend towards lower % pattern 4 and
a lower proportion of high-risk cancers. By multivariate
analysis, ZAG expression augmented conventional variables
for prediction of high-risk cancers in that increased ZAG
expression in biopsies decreased the likelihood of finding
high-risk pathology in the RPx specimen. ZAG expression
did not improve prediction of minimal-risk cancer by
conventional variables, and MUC1 expression had little
utility in the current cohort for prediction of either high- or
minimal-risk pathology in RPx specimens.

Prior studies of RPx tissue have shown positive MUCL1 or
ZAG expression to be predictive of PSA failure and/or
metastases, [10, 12, 30-33] but no studies have investigated
these markers in prostate biopsies, although Gunia et al.
showed that MUC1 expression in transurethral resection
specimens (“incidental prostate cancers”) predicted adverse
pathology following subsequent radical prostatectomy [41].
The failure of our study to document a predictive capacity of
MUC1 expression is most likely related to the small sample
size (as relatively few biopsies stained MUC1 positive, the
study lacked power to assess this biomarker), although it is
also possible that its expression in biopsies is not strongly
related to RPx pathology.

Overall this study supports adding IHC of biopsy tissue
for expression of ZAG, and possibly MUC1, in subjects with
localized cancer, to improve prediction of prostate cancer
characteristics by current algorithms. IHC of course is ideal
for translation into clinical practice, especially if it utilizes
commercial antibodies, as it is available in almost all
histopathology laboratories, even in the developing world,
and it is already a procedure that is reimbursed in many
jurisdictions. Because of the “molecular” heterogeneity of
prostate cancers, IHC has the advantage of assessing protein
expression throughout the tumor, in contrast to “molecular”
methods which only sample a small part of any cancer [42].
In a separate, large cohort of prostate cancer patients, we
have investigated a panel of protein biomarkers assessed by
IHC, including MUC1 and ZAG; these data showed
improved prediction of cancer-specific mortality beyond
‘conventional’ metrics with this protein panel, including
MUC1 and ZAG [35]. These data support the results of the
present study into MUC1 and ZAG staining by IHC.

Several recent studies have also attempted to improve
prediction of RPx histopathology by proteomic or genomic
assessments [43-45]. Although none of these proteomic
studies focused on MUCL1 or ZAG as potential candidates, it
would be of interest to see whether adding these two
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proteins, validated in numerous other studies, to these more
recent predictive algorithms would improve their predictive
capacity.
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