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Simple Summary: A novel biomarker panel (Appl1, Sortilin and Syndecan-1) was demonstrated

as a strong independent predictor for both clinical and biochemical recurrence outcomes, with a

higher prediction performance than traditional grading. This suggests that panel-derived patient

reclassifications improve risk stratification.

Abstract: Gleason scoring is used within a five-tier risk stratification system to guide therapeutic

decisions for patients with prostate cancer. This study aimed to compare the predictive perfor-

mance of routine H&E or biomarker-assisted ISUP (International Society of Urological Pathology)

grade grouping for assessing the risk of biochemical recurrence (BCR) and clinical recurrence (CR)

in patients with prostate cancer. This retrospective study was an assessment of 114 men with

prostate cancer who provided radical prostatectomy samples to the Australian Prostate Cancer Biore-

source between 2006 and 2014. The prediction of CR was the primary outcome (median time to CR

79.8 months), and BCR was assessed as a secondary outcome (median time to BCR 41.7 months).

The associations of (1) H&E ISUP grade groups and (2) modified ISUP grade groups informed by

the Appl1, Sortilin and Syndecan-1 immunohistochemistry (IHC) labelling were modelled with BCR

and CR using Cox proportional hazard approaches. IHC-assisted grading was more predictive than

H&E for BCR (C-statistic 0.63 vs. 0.59) and CR (C-statistic 0.71 vs. 0.66). On adjusted analysis,

IHC-assisted ISUP grading was independently associated with both outcome measures. IHC-assisted
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ISUP grading using the biomarker panel was an independent predictor of individual BCR and CR.

Prospective studies are needed to further validate this biomarker technology and to define BCR and

CR associations in real-world cohorts.

Keywords: biomarkers; diagnosis; prognosis; prostate cancer; clinical recurrence

1. Introduction

The current mainstay of clinical pathology assessment in prostate cancer is the Gleason
grading of hematoxylin and eosin (H&E)-stained tissue sections [1–4]. Gleason grades are
used to stratify patients based on Gleason/International Society of Urological Pathology
(ISUP) grade group definitions, which guide treatment decisions and expectations on
disease courses for patients [1–4]. While Gleason/ISUP grade grouping using H&E is vali-
dated for predicting biochemical recurrence (BCR) post-surgery, it is well recognised that
this method is far from optimal (concordance index < 0.008) [1,5–7]. The interpretation of
Gleason grading using H&E is highly subjective, resulting in high inter-observer variability
and subsequent sub-optimal treatment selection for many individual patients [2,8–11]. To
be able to improve the outcomes of patients diagnosed with prostate cancer, there is a need
to transform current pathological risk stratification methodologies [12].

While there have been many attempts to improve the performance of H&E-informed
ISUP grading (e.g., using novel risk stratification tools and innovative nomogram/machine
learning techniques), there has been little progress in improving clinical prediction perfor-
mance [13–15]. Fundamentally, H&E staining lacks sufficient detail to facilitate accurate
interpretation of the complex pathologies underlying prostate cancer [4,16–18]. Molecular
markers have also been investigated, including prognostic tools Oncotype DX, Prolaris,
Promark, and Decipher; however, these are limited by the tumour heterogeneity and have
yet to produce substantial additions to current diagnostic stratification systems [19]. To
pursue diagnostic improvements that extend beyond the marginal, new staining or visuali-
sation techniques must be developed [8,9,11,20], ideally based on alterations in cell biology
that align with different grades of prostate cancer.

Endosomes and lysosomes are directly involved in energy metabolism, cell division,
intracellular signalling and cancer pathogenesis [20–24]; unsurprisingly, they have led
to the identification of ideal target biomarkers in cancer cells (i.e., biomarkers from this
organelle system may enable the visualisation of features that cannot be observed with
H&E stains) [25–33]. Appl1, Sortilin and Syndecan-1 are biomarkers within the endosome-
lysosome system, and immunohistochemistry (IHC) labelling of these proteins may enable
improved visualisation of the complex pathologies underlying prostate cancer [20]. The
latter study demonstrated improvement in the subjectivity of grading, but these biomarkers
still require evaluation for their capacity to reliably facilitate risk stratification within the
ISUP grade groups.

This study aimed to compare the BCR and clinical recurrence (CR) prediction perfor-
mance of ISUP grade groups defined using H&E-stained slides versus slides that were
IHC-labelled for Appl1, Sortilin and Syndecan-1.

2. Materials and Methods

2.1. Patient Cohort

This study was a retrospective assessment of men with prostate cancer who had
consented to provide radical prostatectomy tissue block samples to the Adelaide node of
the Australian Prostate Cancer Bioresource (APCB) between January 2006 and August 2014.
At the time of radical prostatectomy, these patients were treatment-naïve and had a prostate-
specific antigen (PSA) level above 0.2 ng/mL. Tissue block samples were formalin-fixed
paraffin-embedded (FFPE) at the time of collection.
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For each patient within the cohort, clinical follow-up on BCR and metastatic disease
progression/CR was available for a minimum of 10 years post-surgery. At the time of tissue block
sampling, data were available on statuses of extracapsular extension (yes vs. no), surgical margin
(positive versus negative), seminal vesicle involvement (yes vs. no), perineural involvement
(yes vs. no) and lymphovascular involvement (yes vs. no). Data on cribriform and intraductal
carcinoma status of the prostate were not available and were deemed inappropriate to generate
on the single FFPE tissue block examined (sample bias).

Ethics approval for the present study was obtained through the institutional review
board of the University of South Australia (Application IDs: 201907 and 36070).

2.2. ISUP Grading According to H&E and IHC Methodologies

For each patient, a representative FFPE tissue block, as determined by the bioresource,
was cut at 2 µm to obtain four serial sections. These representative blocks were identified
by a uropathologist associated with the APCB.

The first section was stained according to routine H&E methodologies [34]. The section
was provided to an independent board of 11 international genitourinary pathologists who
came to a consensus and assigned an ISUP grade group to each patient.

According to the technique described by Martini et al. [20], the remaining three serial
sections were IHC-labelled with Appl1, Sortilin and Syndecan-1, respectively. The labelling was
detected using a DAKO EnVision™ + System (Dako Australia Pty Ltd., West Gosford, NSW,
Australia), as previously described [20,24]. Briefly, benign glands were identified with basal cell
labelling of Appl1 and Syndecan-1, with minimal labelling occurring in their adjacent secretory
epithelium. Well-formed gland morphologies were highlighted by intense perinuclear Sortilin
labelling, and poorly-formed gland morphologies by intense diffuse Syndecan-1 labelling.
Well-formed glands (Sortilin labelled) were assigned Gleason pattern 3, while poorly-formed
glands (Syndecan-1 labelled) were assigned Gleason pattern 4 or above (considering other
morphological characteristics including cribriform or fused glands for pattern 4 and sheets,
cords, single cells, solid nests and necrosis for pattern 5). Gleason patterns were used to
derive ISUP grade groups, which in turn allowed risk stratification of patient tissue samples.
A representative micrograph of the immunolabelling used to assign Gleason Pattern 3 and
Pattern 4 is illustrated in Supplementary Figure S1.

Blinded and separated by at least 1 week from the H&E assessment (limiting any
potential for memory bias), the same independent board of 11 international genitourinary
pathologists examined the three individual IHC-labelled slides and, on consensus, assigned
an ISUP grade group to each patient.

2.3. Outcomes

The prediction of CR was the primary outcome, and BCR was assessed as a secondary
outcome. CR was defined as the time interval from the day of radical prostatectomy to
the day of clinical disease progression. CR was documented by the treating clinicians as
radiographic metastatic disease development. Patients were censored from the analysis on
the last day of follow-up if CR had not been observed. BCR was defined as the time interval
from the day of radical prostatectomy to either the day of two consecutive PSA elevations
above 0.2 ng/mL, to the initiation of radiation therapy or to androgen deprivation therapy
subsequent to PSA elevation that remained below 0.2 ng/mL. Patients were censored from
the analysis on the last day of follow-up if a PSA > 0.2 ng/mL had never been reached.

2.4. Statistical Analysis

All statistical analyses were performed in R (version 4.1.0). The association between
(1) ISUP grade groups derived from the H&E slides and (2) ISUP grade groups derived
from the Appl1, Sortilin and Syndecan-1 IHC-labelled slides with both BCR and CR
were modelled using Cox proportional hazard approaches. Akaike information criterion
(AIC) and visual checks were used to evaluate potential non-linear effects between ISUP
grade groups and outcomes. Associations were reported as hazard ratios (HR) with 95%
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confidence intervals (95% CI). Statistical significance was set at a threshold of p < 0.05.
The predictive performance of the ISUP grade groups derived from the H&E slides was
compared to the ISUP grade groups derived from the Appl1, Sortilin and Syndecan-1 IHC-
labelled slides using the concordance statistic (C-statistic). The C-statistic is a statistical
measure of the predictive accuracy of a time-to-event regression model [35]. It is similar to
the area under the Receiver Operating Characteristic curve used for binary outcomes [36].
Analyses adjusted for extracapsular extension, positive surgical margin, seminal vesicle
involvement, peri-neural involvement and lymphovascular involvement were conducted.
These adjusted analyses were conducted to evaluate the prognostic independence of the
H&E and IHC-informed ISUP grade groups from known prognostic factors. Kaplan–Meier
analysis was used to visualise BCR and CR estimates according to H&E- and IHC-informed
ISUP grade groups.

3. Results

3.1. Patient Cohort

The available cohort included 114 patients with prostate cancer, whose tissue samples
were ISUP graded using an H&E slide and then independently graded using Appl1, Sortilin
and Syndecan-1 IHC-labelled slides. Supplementary Tables S1 and S2 provide a description
of the patient characteristics and concordance between ISUP grade groups within the
cohort. In short, 66 patients (58%) received the same ISUP grade group with the use of the
IHC-labelled slides as compared to the H&E slide. Opposingly, 34 patients (30%) had an
increase, and 14 patients (12%) had a decrease in their ISUP grade group with the use of
the IHC-labelled slides, as compared to the H&E slide.

Patients ranged in age from 45–75 years old at radical prostatectomy and had a BMI
between 22 and 39. For pre-radical prostatectomy, most patients had a PSA level between
4.5 ng/mL and 22 ng/mL, while a small percentage (7.9%) were lower than 4.5 ng/mL.
Patient staging, as defined by the TNM staging system, ranged from 2A to 3C (please see
Martini et al. [20] for additional details). The median [95% CI] follow-up in the cohort was
130 (120–144) months.

3.2. Prognostic Significance of ISUP Grade Groups with Clinical Outcomes

As defined by model fit, the association between H&E- and IHC-assisted ISUP grade
groups with BCR and CR was best described by a linear relationship (i.e., the HR repre-
senting the association between ISUP grade groups is for a 1 unit increase in the ISUP
grade group). Table 1 presents the univariable and adjusted Cox analysis results of the
association between H&E- and IHC-assisted ISUP grade groups with BCR and CR. On
univariable analysis, H&E ISUP grade groups were identified as significantly associated
with both CR (HR [95% CI]; 1.6 [1.2–2.1]; p = 0.002) and BCR (1.4 [1.1–1.7]; p = 0.001).
Similarly, on univariable analysis, it was identified that the IHC-assisted ISUP grade groups
were significantly associated with both CR (2.0 [1.4–2.8]; p < 0.001) and BCR (1.6 [1.3–1.9];
p < 0.001). Of the two methods, IHC-assisted ISUP grade groups were demonstrated to be
more predictive than H&E ISUP grade groups for both CR (C-statistic = 0.71 versus 0.66)
and BCR (C-statistic = 0.63 versus 0.59) within the cohort. Furthermore, on adjusted analy-
sis, the IHC-assisted ISUP grade groups were demonstrated as independently associated
with both CR (HR [95% CI]; 1.8 [1.2–2.8]; p = 0.009) and BCR (1.4 [1.1–1.8]; p = 0.02), which
was not observed for the H&E ISUP grade groups for either CR (1.3 [0.9–2.0]; p = 0.1) or
BCR (1.2 [1.0–1.5]; p = 0.1). Figure 1 presents Kaplan–Meier observations of the time to CR
and BCR according to the defined H&E- and IHC-assisted ISUP grade groups.
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Table 1. Association of H&E and IHC-assisted ISUP grade groups with clinical recurrence and

biochemical recurrence.

Univariable Adjusted #

n HR * [95% CI] p c HR * [95% CI] p

Clinical recurrence
H&E ISUP grade groups 114 1.6 [1.2–2.1] 0.002 0.66 1.3 [0.9–2.0] 0.1
IHC-assisted ISUP grade groups 114 2.0 [1.4–2.7] <0.001 0.71 1.8 [1.2–2.7] 0.009

Biochemical recurrence
H&E ISUP grade groups 114 1.4 [1.1–1.7] 0.001 0.59 1.2 [1.0–1.5] 0.1
IHC-assisted ISUP grade groups 114 1.6 [1.3–1.9] <0.001 0.63 1.4 [1.1–1.8] 0.02

* Hazard ratio (HR) with 95% confidence interval (95% CI) for a 1 unit increase in the ISUP grade. # Analyses
adjusted for extracapsular extensions, surgical margins, seminal vesicle involvements, perineural involvements
and lymphovascular involvements at the time of tissue block sampling.

 

Figure 1. Kaplan–Meier estimates of clinical recurrence (CR) and biochemical recurrence (BCR) by

H&E and IHC ISUP grade groups. (A) CR vs. H&E ISUP grade groups. (B) CR vs. IHC-assisted ISUP

grade groups. (C) BCR vs. H&E ISUP grade groups. (D) CR vs. IHC-assisted ISUP grade groups.

Benign patients are indicated in red, ISUP 1 in yellow, ISUP 2 in green, ISUP 3 in teal, ISUP 4 in blue

and ISUP 5 in pink.
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3.3. IHC-Assisted ISUP Grade Group Reclassifications

The most common up-classifications to occur in the patient cohort were within the
47 patients graded by H&E, initially classified as ISUP grade group 1; on evaluation of
the IHC slides, 15 of these patients were reclassified to ISUP grade group 2, four to ISUP
grade group 3 and one to ISUP grade group 4 (one patient was down-classified to benign).
Notably, patients that were up-classified had meaningfully higher risk of both CR and
BCR. The 10-year incidence of CR was 8% in those who remained classified as ISUP grade
group 1, which then increased to 22% in those who were up-classified. Similarly, the
10-year incidence of BCR increased from 39% to 61%, respectively. Figure 2 presents
Kaplan–Meier observations of the time to CR and BCR according to IHC-assisted up-
classifications in patients H&E-graded as ISUP 1. These observations outline that patients
up-classified trended towards worse CR and BCR outcomes compared to their counterparts
who remained in ISUP grade group 1—a larger cohort than herein would be required to
statistically evaluate this observation.

 
Figure 2. Kaplan–Meier estimates of clinical recurrence (CR) and biochemical recurrence (BCR)

according to IHC-associated up-classifications in patients H&E-graded as ISUP 1. (A) CR of H&E

ISUP grade 1 patients according to IHC slides. (B) BCR of H&E ISUP grade 1 patients according to

IHC slides. Red indicates patients who remained ISUP grade 1 with IHC, and blue indicates patients

up-classified with IHC.

The most common down-classifications to occur in the patient cohort were within
the 27 patients assigned to an ISUP grade group of 2 by H&E; on evaluation of the IHC
slides, six were reclassified to ISUP grade group 1 (four patients were up-classified to ISUP
grade group 3). Within this small subgroup, a trend in the validity of the IHC-assisted
down-classifications was observed within the 10-year incidence of CR, which was 28%
in those who remained classified as ISUP grade group 2, and that decreased to 0% in
those who were down-classified. Similarly, the 10-year incidence of BCR was observed to
decrease from 41% to 33%. Figure 3 presents Kaplan–Meier observations of the time to CR
and BCR according to IHC-assisted down-classifications in patients H&E-graded as ISUP
grade group 2.
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Figure 3. Kaplan–Meier estimates of clinical recurrence (CR) and biochemical recurrence (BCR)

according to IHC-associated down-classifications in patients H&E-graded as ISUP 2. (A) CR of H&E

ISUP grade 2 patients according to IHC slides. (B) BCR of H&E ISUP grade 2 patients according to

IHC slides. Red indicates patients who remained ISUP grade 2 with IHC, and blue indicates patients

down-classified with IHC.

4. Discussion

The current study demonstrated that IHC-assisted grading using Appl1, Sortilin
and Syndecan-1 biomarkers improved prognostic predictions in patients with prostate
cancer compared to H&E. The biomarker panel provided information independent of
other common prognostic factors, indicating a more accurate reporting of the pathology.
The study illustrates the potential power of the biomarker technology to assist in the
contemporary interpretation of Gleason/ISUP grading for improved prediction of BCR
and CR, which would be an important step towards a novel precision medicine solution
for patients with prostate cancer.

Several clinical models are available to predict BCR, including the D’Amico risk
stratification scheme, the Cancer of the Prostate Risk Assessment (CAPRA) score and
nomograms from the Memorial Sloan Kettering Cancer Centre (MSKCC) [13,37–41]. These
nomograms are limited by their heavy reliance on H&E interpretation for Gleason grading,
which has underlying problems with observer variability and confounding pathology.
Further investigation is required to assess the performance of IHC-assisted Appl1, Sortilin
and Syndecan-1 grading compared to the D’Amico, CAPRA and MSKCC risk stratification
schemes. In addition, the likelihood of BCR is largely based on ISUP grade group averages,
which do not give an accurate indication for an individual. Nearly half of the patients
graded as ISUP 1 by H&E were upgraded by the biomarker panel assessment, and this
resulted in predictions with fewer ISUP 1 patients experiencing BCR. This change in grading
has the potential to transform clinical practice by utilising biomarker-informed biology to
report more accurately on cancer pathology [20].

There are limited tools available for reliable prediction of CR in clinical practice. The
most frequently used methods are the tumour node metastasis (TNM) system and the
MSKCC nomogram [40–43]. These tools have demonstrated significant limitations in
reliably stratifying patient risks for CR [40,41]. In this study, Appl1, Sortilin and Syndecan-1
demonstrated significant potential to assist improved CR predictions compared to H&E.
For example, of the 47 patients assigned to ISUP grade group 1 by H&E, 15 patients were
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reclassified to ISUP grade group 2 after evaluation of the slides by Appl1, Sortilin and
Syndecan-1 IHC—four to ISUP grade group 3 and one to ISUP grade group 4 (one patient
was down-classified to benign). Notably, the 10-year incidence of CR was 8% in those who
remained classified as ISUP grade group 1, which increased to 22% in those who were
up-classified. This provides an indication that the reclassifications appeared appropriate
and supported the statistical observation of a higher CR prediction performance (C-statistic)
for IHC-assisted ISUP grading versus H&E grading.

The largest proportions of IHC-assisted reclassifications occurred in the upgrading of
patients from the H&E-based ISUP grade group 1 and the downgrading of patients from
the H&E-based ISUP grade group 2. These reclassifications appear appropriate due to
improved CR and BCR prediction performances for IHC-assisted ISUP grading versus H&E
grading. This has implications for discriminating between Gleason patterns 3 (ISUP 1) and
4 (ISUP ≥ 2), which is critical for predicting patient outcomes. On adjusted analysis, the
biomarker-assisted discrimination of Gleason patterns was associated with an improved
prediction of patient outcome, independent from known clinicopathological prognostic
variables. This ability of the biomarkers to discriminate between the two Gleason patterns
is therefore central to the improved risk class stratification.

5. Conclusions

In summary, in a small retrospective cohort study, a biomarker panel based on Appl1,
Sortilin and Syndecan-1 was a strong independent predictor for both CR and BCR outcomes,
with a higher prediction performance (C-statistic) than H&E-based pathological grading.
Preliminary evidence suggested that ISUP grade group reclassifications (both up and
down) based on the biomarker panel (as opposed to H&E grading) resulted in better risk
stratification of patients. Additional studies should be conducted to investigate the effects
of androgen sensitivity and insensitivity on patient stratification when using the biomarker
panel. Prospective cohort studies are now being conducted to validate the biomarker
technology, and there should be further considerations to investigate the findings in larger
real-world cohorts, including for long-term survival outcomes.

6. Patents

Funding for this project was provided by Envision Sciences Pty Ltd., the Univer-
sity of South Australia, a Cancer Council SA Beat Cancer Grant, the Movember Foun-
dation/Prostate Cancer Foundation of Australia’s Research Program and the Australian
Federal Government (NHMRC development grant GNT1092904 and MTP Connect Biomed-
ical Translation Bridge Program grant BTBR200074). L.M.B. was supported by a Beat Cancer
SA Beat Cancer Project Principal Cancer Research Fellowship (PRF1117). A.M.H is sup-
ported by an Emerging Leader Investigator Grant from the National Health and Medical
Research Council, Australia (APP2008119).

D.A.B. is from the University of South Australia, I.R.D.J. is also from the Univer-
sity of South Australia and L.M.B. is from the University of Adelaide and hold patent
WO2014197937A1 ‘Methods for Detecting Prostate Cancer’, which involves this manuscript
(Original Patent). The Original Patent holders have appointed UniSA Ventures Pty Ltd.,
the wholly-owned commercialisation arm of the University of South Australia, to manage
the commercialisation of the Original Patent. UniSA Ventures Pty Ltd. has entered into
arm’s-length arrangements with Envision Sciences Pty Ltd., under which UniSA Ventures
will receive financial benefits from the successful commercialisation of the Original Patent.

Envision Sciences Pty Ltd. is a privately-owned Australian company that is commer-
cialising its work in the field of cancer diagnostics and holds additional patents, including
PCT/AU2020/050925 “Methods for Confirming Detection and Evaluating the Progression
of a Prostate Cancer” involving the invention reported in this manuscript and is using
this with the Original Patent under licence. Envision Sciences Pty Ltd. has engaged the
University of South Australia on arm’s-length terms to conduct research and development
work, including the subject matter in this manuscript.



Cancers 2023, 15, 3215 9 of 12

D.A.B. is a professor and leader of the Mechanisms in Cell Biology and Disease
Research Group in Clinical and Health Sciences at the University of South Australia. D.A.B.
is a founding shareholder and benefits from Envision Sciences Pty Ltd.’s research funding.
J.J.O. is a shareholder and benefits from Envision Sciences Pty Ltd.’s research funding.

D.A.B., L.K., J.M.L., C.M., A.E., A.S., B.S.-Y.U. and S.P. are employees of the University
of South Australia, L.M.B. is an employee of Adelaide University and J.J.O. is an employee
of Trinity College Dublin, and each receive benefit from the funding provided by Envision
Sciences Pty Ltd., the University of South Australia and the Australian Federal Government
for their research work.

Supplementary Materials: The following supporting information can be downloaded at: https://

www.mdpi.com/article/10.3390/cancers15123215/s1, Figure S1: Immunolabelling of Appl1, Sortilin

and Syndecan-1 in well-formed and poorly-formed glands; Table S1: Summary of patient characteristics;

Table S2: Summary of patient characteristics by IHC-assisted grade group.

Author Contributions: Intellectual input and concept development: J.M.L., A.M.H., C.M., A.S., P.T.,

S.P., S.S., A.E., M.J.S., K.M., L.M.B., J.J.O. and D.A.B.; experimental design: J.M.L., A.M.H., C.M., A.S.,

P.T., S.P., C.R.M., C.M.M., S.O., A.E., S.K., H.S., B.D., M.J.S., K.M., L.M.B., J.J.O. and D.A.B.; study

coordination and funding: J.M.L., A.M.H., C.M., A.S., P.T., C.H., B.S.-Y.U., C.R.M., L.K., C.M.M., S.O.,

A.E., L.M.B., J.J.O. and D.A.B.; data collection and interpretation: J.M.L., A.M.H., C.M., A.S., P.T.,

S.P., C.H., I.R.D.J., S.M.H., B.S.-Y.U., J.L., R.D.B., C.R.M., M.C.C., L.K., C.M.M., S.O., S.S., A.E., S.H.,

H.K., S.N.M., R.O., V.M., M.C., K.R., A.C., N.B., S.K., H.S., B.D., M.J.S., K.M., L.M.B., J.J.O. and D.A.B.;

pathology interpretation: J.M.L., C.M., A.S., P.T., S.P., C.R.M., M.C.C., L.B.E., M.P.W., M.B., S.H., H.K.,

S.N.M., R.O., V.M., M.C., K.R., A.C., N.B., S.K., H.S., B.D., L.M.B., J.J.O. and D.A.B.; biostatistics:

J.M.L., A.M.H., C.M., C.H., A.E. and M.J.S.; biobank coordination—cohorts and patient information:

J.M.L., C.M., A.S., P.T., S.P., C.H., C.R.M., L.K., C.M.M., S.O., L.M.B., J.J.O. and D.A.B.; manuscript

drafting: J.M.L., A.M.H., C.M., S.S., H.S., B.D., M.J.S., K.M., L.M.B., J.J.O. and D.A.B.; manuscript

editing: All authors. All authors have read and agreed to the published version of the manuscript.

Funding: Funding for this project was provided by Envision Sciences Pty Ltd., the University of

South Australia, a Cancer Council SA Beat Cancer Grant, the Movember Foundation/Prostate Cancer

Foundation of Australia’s Research Program and the Australian Federal Government (NHMRC

development grant GNT1092904 and MTP Connect Biomedical Translation Bridge Program grant

BTBR200074). L.B. was supported by a Beat Cancer SA Beat Cancer Project Principal Cancer Research

Fellowship (PRF1117). A.M.H is supported by an Emerging Leader Investigator Grant from the

National Health and Medical Research Council, Australia (APP2008119). D.A.B. is from the University

of South Australia, I.R.D.J. is also from the University of South Australia and L.M.B. is from the

University of Adelaide and hold patent WO2014197937A1 ‘Methods for Detecting Prostate Cancer’,

which involves this manuscript (Original Patent). The Original Patent holders have appointed UniSA

Ventures Pty Ltd., the wholly-owned commercialisation arm of the University of South Australia,

to manage the commercialisation of the Original Patent. UniSA Ventures Pty Ltd. has entered into

arm’s-length arrangements with Envision Sciences Pty Ltd., under which UniSA Ventures will receive

financial benefits from the successful commercialisation of the Original Patent. Envision Sciences Pty

Ltd. is a privately-owned Australian company that is commercialising its work in the field of cancer

diagnostics and holds additional patents, including PCT/AU2020/050925 “Methods for Confirming

Detection and Evaluating the Progression of a Prostate Cancer” involving the invention reported

in this manuscript and is using this with the Original Patent under licence. Envision Sciences Pty

Ltd. has engaged the University of South Australia on arm’s-length terms to conduct research and

development work, including the subject matter in this manuscript. D.A.B. is a professor and leader

of the Mechanisms in Cell Biology and Disease Research Group in Clinical and Health Sciences at

the University of South Australia. D.A.B. is a founding shareholder and benefits from Envision

Sciences Pty Ltd.’s research funding. J.J.O. is a shareholder and benefits from Envision Sciences

Pty Ltd.’s research funding. D.A.B., L.K., J.M.L., C.M., A.E., A.S., B.S.-Y.U. and S.P. are employees

of the University of South Australia, L.M.B. is an employee of Adelaide University and J.J.O. is an

employee of Trinity College Dublin, and each receive benefit from the funding provided by Envision

Sciences Pty Ltd., the University of South Australia and the Australian Federal Government for their

research work.

https://www.mdpi.com/article/10.3390/cancers15123215/s1
https://www.mdpi.com/article/10.3390/cancers15123215/s1


Cancers 2023, 15, 3215 10 of 12

Institutional Review Board Statement: Approval was obtained from the Human Research Ethics

Committee of the University of South Australia (Application IDs: 201907 and 36070).

Informed Consent Statement: Patients with prostate cancer were accessed from the Australian

Prostate Cancer Bioresource, where the custodian, A/Prof Lisa Butler, obtained informed consent to

provide their samples to the bioresource.

Data Availability Statement: Data are available for bona fide researchers who request it from

the authors.

Acknowledgments: Andrew R Beck and Colin Gordon for technical contributions. Jurgen Stahl

for pathology training. Kapil Dhingra and Andrew Coley for critical manuscript appraisal and

commentary. Tissue coordinators Jessica Savage, Kayla Bremert and the SA Node of the Australian

Prostate Cancer BioResource (APCB).

Conflicts of Interest: Funding for this project was provided by Envision Sciences Pty Ltd., the

University of South Australia, a Cancer Council SA Beat Cancer Grant, the Movember Founda-

tion/Prostate Cancer Foundation of Australia’s Research Program and the Australian Federal Gov-

ernment (NHMRC development grant GNT1092904 and MTP Connect Biomedical Translation Bridge

Program grant BTBR200074). L.B. was supported by a Beat Cancer SA Beat Cancer Project Principal

Cancer Research Fellowship (PRF1117). A.M.H is supported by an Emerging Leader Investigator

Grant from the National Health and Medical Research Council, Australia (APP2008119). D.A.B. is

from the University of South Australia, I.R.D.J. is also from the University of South Australia and

L.M.B. is from the University of Adelaide and hold patent WO2014197937A1 ‘Methods for Detecting

Prostate Cancer’, which involves this manuscript (Original Patent). The Original Patent holders have

appointed UniSA Ventures Pty Ltd., the wholly-owned commercialisation arm of the University of

South Australia, to manage the commercialisation of the Original Patent. UniSA Ventures Pty Ltd.

Has entered into arm’s-length arrangements with Envision Sciences Pty Ltd., under which UniSA

Ventures will receive financial benefits from the successful commercialisation of the Original Patent.

Envision Sciences Pty Ltd. is a privately-owned Australian company that is commercialising its

work in the field of cancer diagnostics and holds additional patents, including PCT/AU2020/050925

“Methods for Confirming Detection and Evaluating the Progression of a Prostate Cancer” involving

the invention reported in this manuscript and is using this with the Original Patent under licence.

Envision Sciences Pty Ltd. Has engaged the University of South Australia on arm’s-length terms to

conduct research and development work, including the subject matter in this manuscript. D.A.B. is

a professor and leader of the Mechanisms in Cell Biology and Disease Research Group in Clinical

and Health Sciences at the University of South Australia. D.A.B. is a founding shareholder and

benefits from Envision Sciences Pty Ltd.’s research funding. J.J.O. is a shareholder and benefits from

Envision Sciences Pty Ltd.’s research funding. D.A.B., L.K., J.M.L.,C.M, A.E., A.S., B.S.-Y.U. and S.P.

are employees of the University of South Australia, L.M.B. is an employee of Adelaide University and

J.J.O. is an employee of Trinity College Dublin, and each receive benefit from the funding provided by

Envision Sciences Pty Ltd., the University of South Australia and the Australian Federal Government

for their research work.

References

1. Samaratunga, H.; Delahunt, B.; Gianduzzo, T.; Coughlin, G.; Duffy, D.; LeFevre, I.; Johannsen, S.; Egevad, L.; Yaxley, J. The

prognostic significance of the 2014 International Society of Urological Pathology (ISUP) grading system for prostate cancer.

Pathology 2015, 47, 515–519. [CrossRef]

2. Gleason, D.F.; Mellinger, G.T. Prediction of prognosis for prostatic adenocarcinoma by combined histological grading and clinical

staging. J. Urol. 1974, 111, 58–64. [CrossRef]

3. van Leenders, G.J.L.H.; Van der Kwast, T.H.; Grignon, D.J.; Evans, A.J.; Kristiansen, G.; Kweldam, C.F.; Litjens, G.; McKenney,

J.K.; Melamed, J.; Mottet, N.; et al. The 2019 International Society of Urological Pathology (ISUP) Consensus Conference on

Grading of Prostatic Carcinoma. Am. J. Surg. Pathol. 2020, 44, e87–e99. [CrossRef]

4. Epstein, J.I.; Egevad, L.; Amin, M.B.; Delahunt, B.; Srigley, J.R.; Humphrey, P.A. The 2014 International Society of Urological

Pathology (ISUP) consensus conference on Gleason grading of prostatic carcinoma. Am. J. Surg. Pathol. 2016, 40, 244–252.

[CrossRef]

5. Spratt, D.E.; Cole, A.I.; Palapattu, G.S.; Weizer, A.Z.; Jackson, W.C.; Montgomery, J.S.; Dess, R.T.; Zhao, S.G.; Lee, J.Y.; Wu, A.; et al.

Independent surgical validation of the new prostate cancer grade-grouping system. BJU Int. 2016, 118, 763–769. [CrossRef]

https://doi.org/10.1097/PAT.0000000000000315
https://doi.org/10.1016/S0022-5347(17)59889-4
https://doi.org/10.1097/PAS.0000000000001497
https://doi.org/10.1097/PAS.0000000000000530
https://doi.org/10.1111/bju.13488


Cancers 2023, 15, 3215 11 of 12

6. Beckmann, K.R.; Vincent, A.D.; O’Callaghan, M.E.; Cohen, P.; Chang, S.; Borg, M.; Evans, S.M.; Roder, D.M.; Moretti, K.L.; Canc,

S.A.P. Oncological outcomes in an Australian cohort according to the new prostate cancer grading groupings. BMC Cancer 2017,

17, 537. [CrossRef]

7. Dell’Oglio, P.; Boorjian, S.A.; Fossati, N.; Gandaglia, G.; Gallina, A.; Zaffuto, E.; Bianchi, M.; Freschi, M.; Doglioni, C.; Karakiewicz,

P.; et al. Does the New Prostate Cancer Grading System Improve Prediction of Clinical Recurrence? J. Urol. 2016, 195, E95.

[CrossRef]

8. Goodman, M.; Ward, K.C.; Osunkoya, A.O.; Datta, M.W.; Luthringer, D.; Young, A.N.; Marks, K.; Cohen, V.; Kennedy, J.C.; Haber,

M.J.; et al. Frequency and determinants of disagreement and error in gleason scores: A population-based study of prostate cancer.

Prostate 2012, 72, 1389–1398. [CrossRef]

9. Srigley, J.R.; Delahunt, B.; Samaratunga, H.; Billis, A.; Cheng, L.; Clouston, D.; Evans, A.; Furusato, B.; Kench, J.; Leite, K.; et al.

Controversial issues in Gleason and International Society of Urological Pathology (ISUP) prostate cancer grading: Proposed

recommendations for international implementation. Pathology 2019, 51, 463–473. [CrossRef]

10. Egevad, L.; Swanberg, D.; Delahunt, B.; Strom, P.; Kartasalo, K.; Olsson, H.; Berney, D.M.; Bostwick, D.G.; Evans, A.J.; Humphrey,

P.A.; et al. Identification of areas of grading difficulties in prostate cancer and comparison with artificial intelligence assisted

grading. Virchows Arch. 2020, 477, 777–786. [CrossRef]

11. Gansler, T.; Fedewa, S.A.; Lin, C.C.; Amin, M.B.; Jemal, A.; Ward, E.M. Trends in Diagnosis of Gleason Score 2 Through 4 Prostate

Cancer in the National Cancer Database, 1990–2013. Arch. Pathol. Lab. Med. 2017, 141, 1686–1696. [CrossRef]

12. Malik, A.; Srinivasan, S.; Batra, J. A New Era of Prostate Cancer Precision Medicine. Front. Oncol. 2019, 9. [CrossRef]

13. Hernandez, D.J.; Nielsen, M.E.; Han, M.; Partin, A.W. Contemporary evaluation of the D’amico risk classification of prostate

cancer. Urology 2007, 70, 931–935. [CrossRef]

14. May, M.; Knoll, N.; Siegsmund, M.; Fahlenkamp, D.; Vogler, H.; Hoschke, B.; Gralla, O. Validity of the CAPRA score to predict

biochemical recurrence-free survival after radical prostatectomy. Results from a European Multicenter survey of 1296 patients.

J. Urol. 2007, 178, 1957–1962. [CrossRef]

15. Berney, D.M.; Beltran, L.; Fisher, G.; North, B.V.; Greenberg, D.; Moller, H.; Soosay, G.; Scardino, P.; Cuzick, J.; Grp, T.P. Validation

of a contemporary prostate cancer grading system using prostate cancer death as outcome. Br. J. Cancer 2016, 114, 1078–1083.

[CrossRef]

16. Gleason, D.F. Classification of prostatic carcinomas. Cancer Chemother. Rep. 1966, 50, 125–128.

17. Epstein, J.I.; Allsbrook, W.C., Jr.; Amin, M.B.; Egevad, L.L.; Committee, I.G. The 2005 International Society of Urological Pathology

(ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am. J. Surg. Pathol. 2005, 29, 1228–1242. [CrossRef]

18. van Leenders, G.; van der Kwast, T.H.; Iczkowski, K.A. The 2019 International Society of Urological Pathology Consensus

Conference on Prostate Cancer Grading. Eur. Urol. 2021, 79, 707–709. [CrossRef]

19. Alarcon-Zendejas, A.P.; Scavuzzo, A.; Jimenez-Rios, M.A.; Alvarez-Gomez, R.M.; Montiel-Manriquez, R.; Castro-Hernandez,

C.; Jimenez-Davila, M.A.; Perez-Montiel, D.; Gonzalez-Barrios, R.; Jimenez-Trejo, F.; et al. The promising role of new molecular

biomarkers in prostate cancer: From coding and non-coding genes to artificial intelligence approaches. Prostate Cancer Prostatic

Dis. 2022, 25, 431–443. [CrossRef]

20. Martini, C.; Logan, J.M.; Sorvina, A.; Gordon, C.; Beck, A.R.; Ung, B.S.; Caruso, M.C.; Moore, C.; Hocking, A.; Johnson, I.R.D.; et al.

Aberrant protein expression of Appl1, Sortilin and Syndecan-1 during the biological progression of prostate cancer. Pathology

2023, 55, 40–51. [CrossRef]

21. Johnson, I.R.; Parkinson-Lawrence, E.J.; Butler, L.M.; Brooks, D.A. Prostate cell lines as models for biomarker discovery:

Performance of current markers and the search for new biomarkers. Prostate 2014, 74, 547–560. [CrossRef]

22. Johnson, I.R.; Parkinson-Lawrence, E.J.; Keegan, H.; Spillane, C.D.; Barry-O’Crowley, J.; Watson, W.R.; Selemidis, S.; Butler, L.M.;

O’Leary, J.J.; Brooks, D.A. Endosomal gene expression: A new indicator for prostate cancer patient prognosis? Oncotarget 2015, 6,

37919–37929. [CrossRef]

23. Johnson, I.R.; Parkinson-Lawrence, E.J.; Shandala, T.; Weigert, R.; Butler, L.M.; Brooks, D.A. Altered endosome biogenesis in

prostate cancer has biomarker potential. Mol. Cancer Res. 2014, 12, 1851–1862. [CrossRef]

24. Johnson, I.R.D.; Sorvina, A.; Logan, J.M.; Moore, C.R.; Heatlie, J.K.; Parkinson-Lawrence, E.J.; Selemidis, S.; O’Leary, J.J.; Butler,

L.M.; Brooks, D.A. A Paradigm in Immunochemistry, Revealed by Monoclonal Antibodies to Spatially Distinct Epitopes on

Syntenin-1. Int. J. Mol. Sci. 2019, 20, 6035. [CrossRef]

25. Diggins, N.L.; Webb, D.J. APPL1 is a multifunctional endosomal signaling adaptor protein. Biochem Soc Trans 2017, 45, 771–779.

[CrossRef]

26. Wu, K.K.L.; Long, K.; Lin, H.; Siu, P.M.F.; Hoo, R.L.C.; Ye, D.; Xu, A.; Cheng, K.K.Y. The APPL1-Rab5 axis restricts NLRP3

inflammasome activation through early endosomal-dependent mitophagy in macrophages. Nat. Commun. 2021, 12, 6637.

[CrossRef]

27. Sandsmark, E.; Hansen, A.F.; Selnaes, K.M.; Bertilsson, H.; Bofin, A.M.; Wright, A.J.; Viset, T.; Richardsen, E.; Drablos, F.; Bathen,

T.F.; et al. A novel non-canonical Wnt signature for prostate cancer aggressiveness. Oncotarget 2017, 8, 9572–9586. [CrossRef]

28. Canuel, M.; Korkidakis, A.; Konnyu, K.; Morales, C.R. Sortilin mediates the lysosomal targeting of cathepsins D and H. Biochem.

Biophys. Res. Commun. 2008, 373, 292–297. [CrossRef]

29. Bogan, J.S.; Kandror, K.V. Biogenesis and regulation of insulin-responsive vesicles containing GLUT4. Curr. Opin. Cell Biol. 2010,

22, 506–512. [CrossRef]

https://doi.org/10.1186/s12885-017-3533-9
https://doi.org/10.1016/j.juro.2016.02.2292
https://doi.org/10.1002/pros.22484
https://doi.org/10.1016/j.pathol.2019.05.001
https://doi.org/10.1007/s00428-020-02858-w
https://doi.org/10.5858/arpa.2016-0611-OA
https://doi.org/10.3389/fonc.2019.01263
https://doi.org/10.1016/j.urology.2007.08.055
https://doi.org/10.1016/j.juro.2007.07.043
https://doi.org/10.1038/bjc.2016.86
https://doi.org/10.1097/01.pas.0000173646.99337.b1
https://doi.org/10.1016/j.eururo.2020.08.004
https://doi.org/10.1038/s41391-022-00537-2
https://doi.org/10.1016/j.pathol.2022.08.001
https://doi.org/10.1002/pros.22777
https://doi.org/10.18632/oncotarget.6114
https://doi.org/10.1158/1541-7786.MCR-14-0074
https://doi.org/10.3390/ijms20236035
https://doi.org/10.1042/BST20160191
https://doi.org/10.1038/s41467-021-26987-1
https://doi.org/10.18632/oncotarget.14161
https://doi.org/10.1016/j.bbrc.2008.06.021
https://doi.org/10.1016/j.ceb.2010.03.012


Cancers 2023, 15, 3215 12 of 12

30. Pan, X.; Zaarur, N.; Singh, M.; Morin, P.; Kandror, K.V. Sortilin and retromer mediate retrograde transport of Glut4 in 3T3-L1

adipocytes. Mol. Biol. Cell 2017, 28, 1667–1675. [CrossRef]

31. Chilosi, M.; Adami, F.; Lestani, M.; Montagna, L.; Cimarosto, L.; Semenzato, G.; Pizzolo, G.; Menestrina, F. CD138/syndecan-1: A

useful immunohistochemical marker of normal and neoplastic plasma cells on routine trephine bone marrow biopsies. Mod.

Pathol. 1999, 12, 1101–1106.

32. Wang, S.; Zhang, X.; Wang, G.; Cao, B.; Yang, H.; Jin, L.; Cui, M.; Mao, Y. Syndecan-1 suppresses cell growth and migration

via blocking JAK1/STAT3 and Ras/Raf/MEK/ERK pathways in human colorectal carcinoma cells. BMC Cancer 2019, 19, 1160.

[CrossRef]

33. Song, J.; Mu, Y.; Li, C.; Bergh, A.; Miaczynska, M.; Heldin, C.H.; Landstrom, M. APPL proteins promote TGFbeta-induced nuclear

transport of the TGFbeta type I receptor intracellular domain. Oncotarget 2016, 7, 279–292. [CrossRef]

34. Woods, A.E.; Ellis, R.C. Laboratory Histopathology: A Complete Reference; Churchill Livingstone: London, UK, 1994.

35. Harrell, F.E., Jr.; Califf, R.M.; Pryor, D.B.; Lee, K.L.; Rosati, R.A. Evaluating the yield of medical tests. JAMA 1982, 247, 2543–2546.

[CrossRef]

36. Austin, P.C.; Steyerberg, E.W. Interpreting the concordance statistic of a logistic regression model: Relation to the variance and

odds ratio of a continuous explanatory variable. BMC Med. Res. Methodol. 2012, 12, 82. [CrossRef]

37. Rastinehad, A.R.; Baccala, A.A.; Chung, P.H.; Proano, J.M.; Kruecker, J.; Xu, S.; Locklin, J.K.; Turkbey, B.; Shih, J.; Bratslavsky, G.

D’Amico risk stratification correlates with degree of suspicion of prostate cancer on multiparametric magnetic resonance imaging.

J. Urol. 2011, 185, 815–820. [CrossRef]

38. Cooperberg, M.R.; Hilton, J.F.; Carroll, P.R. The CAPRA-S score: A straightforward tool for improved prediction of outcomes

after radical prostatectomy. Cancer 2011, 117, 5039–5046. [CrossRef]

39. Brajtbord, J.S.; Leapman, M.S.; Cooperberg, M.R. The CAPRA score at 10 years: Contemporary perspectives and analysis of

supporting studies. Eur. Urol. 2017, 71, 705–709. [CrossRef]

40. Zelic, R.; Garmo, H.; Zugna, D.; Stattin, P.; Richiardi, L.; Akre, O.; Pettersson, A. Predicting prostate cancer death with different

pretreatment risk stratification tools: A head-to-head comparison in a nationwide cohort study. Eur. Urol. 2020, 77, 180–188.

[CrossRef]

41. Stephenson, A.J.; Scardino, P.T.; Eastham, J.A.; Bianco Jr, F.J.; Dotan, Z.A.; DiBlasio, C.J.; Reuther, A.; Klein, E.A.; Kattan, M.W.

Postoperative nomogram predicting the 10-year probability of prostate cancer recurrence after radical prostatectomy. J. Clin.

Oncol. Off. J. Am. Soc. Clin. Oncol. 2005, 23, 7005. [CrossRef]

42. Scher, H.I.; Heller, G. Clinical states in prostate cancer: Toward a dynamic model of disease progression. Urology 2000, 55, 323–327.

[CrossRef] [PubMed]

43. Masterson, T.A.; Bianco Jr, F.J.; Vickers, A.J.; DiBlasio, C.J.; Fearn, P.A.; Rabbani, F.; Eastham, J.A.; Scardino, P.T. The association

between total and positive lymph node counts, and disease progression in clinically localized prostate cancer. J. Urol. 2006, 175,

1320–1325. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1091/mbc.e16-11-0777
https://doi.org/10.1186/s12885-019-6381-y
https://doi.org/10.18632/oncotarget.6346
https://doi.org/10.1001/jama.1982.03320430047030
https://doi.org/10.1186/1471-2288-12-82
https://doi.org/10.1016/j.juro.2010.10.076
https://doi.org/10.1002/cncr.26169
https://doi.org/10.1016/j.eururo.2016.08.065
https://doi.org/10.1016/j.eururo.2019.09.027
https://doi.org/10.1200/JCO.2005.01.867
https://doi.org/10.1016/S0090-4295(99)00471-9
https://www.ncbi.nlm.nih.gov/pubmed/10699601
https://doi.org/10.1016/S0022-5347(05)00685-3
https://www.ncbi.nlm.nih.gov/pubmed/16515989

	Introduction 
	Materials and Methods 
	Patient Cohort 
	ISUP Grading According to H&E and IHC Methodologies 
	Outcomes 
	Statistical Analysis 

	Results 
	Patient Cohort 
	Prognostic Significance of ISUP Grade Groups with Clinical Outcomes 
	IHC-Assisted ISUP Grade Group Reclassifications 

	Discussion 
	Conclusions 
	Patents 
	References

