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Relationship Between Biopsy Core a-Methylacyl-CoA
Racemase Positivity and Five-Year Biochemical Recurrence
in D’Amico Low- and Intermediate-Risk Prostate Cancer
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Abstract

Objective: This study aims to explore the association between alpha methylacyl A coenzyme racemase (AMACR)/P504S staining intensity of prostate biopsy cores
and five-year biochemical recurrence after radical prostatectomy in patients diagnosed with localised prostate cancer.

Materials and Methods: Patients who underwent radical prostatectomy for organ-limited prostate cancer were retrospectively examined. Twenty-five patients
without recurrence after definitive treatment and 25 patients with prostate-specific antigen (PSA) recurrence at postoperative follow-up were classified as group 1
and group 2. Positive prostate biopsy cores of patients were stained with AMACR/P504S, prospectively. Staining intensities were scored as negative (score=0), weak
(score=1), moderate (score=2) and strong (score=3). Groups were compared regarding AMACR/P504S staining intensities of biopsy cores.

Results: The mean AMACR/P504S staining scores of positive biopsy cores were 1.88+0.85 and 1.27+1.22 for group 1 and group 2. There was a statistically
significant relationship between mean AMACR/P504S staining scores and PSA recurrence (p=0.002). AMACR score groups were not separated concerning
biochemical recurrence endpoints in the Kaplan-Meier analysis (p=0.43).

Conclusion: There is a significant relationship between increased AMACR/P504S expression in cancerous prostate tissue and PSA recurrence after radical

prostatectomy.
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Introduction

Prostate cancer is the second most common cancer in men
worldwide, according to current data of the GLOBOCAN
study (1). It is the fifth most common cause of cancer-related
death. Relatively low mortality compared with incidence rates
of prostate cancer has been attributed to the widespread use
of prostate-specific antigen (PSA) as a screening tool, early
diagnosis of patients, and cured at the localised early stage.
Especially since the mid-1980s, substantial improvements have
been made in the diagnosis and treatment of prostate cancer.

a-Methylacyl-CoA Racemase/P504S (AMACR/P504S) is a
cytoplasmic immune marker protein found by Xu and colleagues
in 2000 (2). It was obtained by high throughput microarray
imaging and cDNA library subtraction analysis from prostate
tissue. AMACR is mainly localised in peroxisomes in prostate
cancer cells. However, its up-regulation causes cancer to start
and progress in some cells due to DNA oxidative damage and
other unknown causes (3).

Serum PSA levels after radical prostatectomy should be too low
to be measured. An increase in serum PSA levels after primary
local treatment, or biochemical recurrence, was defined as
an early and the first indicator of inadequate treatment. After
curative treatment, 20% to 40% of patients develop biochemical
recurrence within 10 years (4). Forty-five per cent of biochemical
recurrences occur within two years, 77% occur within the first
five years, and only 23% occur after five years.

AMACR's effectiveness has been the subject of research in many
disciplines, from point-of-care prostate cancer diagnosis to
molecular imaging of cancer (5,6). Also, AMACR is a promising
molecule to predict biochemical recurrence (7). This study aims
to explore the association between AMACR/P504S staining
intensity of prostate biopsy cores and the five-year biochemical
recurrence after radical prostatectomy in patients diagnosed
with localised prostate cancer.
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Materials and Methods

Patients who underwent radical prostatectomy for D’Amico
low- and intermediate-risk prostate cancer were retrospectively
examined. Patients who have preoperative PSA >20 ng/mlL,
clinical or pathological stage T2c and above, positive lymph node
metastasis and biopsy Gleason score >7 [International Society
of Urological Pathology (ISUP) grade group 4-5] were excluded
from the study. Fifty patients who had no surgical margin and
lymph node positivity were included in the study. Twenty-five
patients who did not develop a biochemical recurrence within
at least five years of postoperative follow-up and 25 patients
with PSA recurrence were classified as group 1 and group 2,
respectively. PSA values >0.2 ng/mL at postoperative follow-up
were considered biochemical recurrences.

Patients’ positive prostate biopsy cores were stained with
AMACR/P504S, prospectively. The immunohistochemical
staining technique was performed as in the similar study
we conducted earlier (8). Staining intensities were scored as
negative (score=0), weak (score=1), moderate (score=2) and
strong (score=3) (Table 1 and Figure 1) (9). Among the same
patient’s positive cores, the most intensely stained core’s score
was determined as the relevant patient’s AMACR staining score.
The biopsy Gleason score of four patients reported as 5 (3+2)
was changed to 6 (3+3) according to the updated scoring
system.

Table 1. Staining classification of prostate biopsy cores

Score AMACR/P504S Staining

0 Negative staining

1 Weak focal staining

2 Moderate cytoplasmic staining
3 Diffuse cytoplasmic staining

AMACR: Alpha methylacyl A coenzyme racemase

Figure 1. (a) Negative staining (AMACR/P504S X 200). (b) Weak, focal
apical granular staining (AMACR/P504S X 600). (c) Moderate, disseminated
cytoplasmic staining (AMACR/P504S X 400). (d) Diffuse, strong cytoplasmic
staining (AMACR/P504S X 400)

AMACR: Alpha methylacyl A coenzyme racemase

Statistical Analysis

The variables’ normality was checked by the Kolmogorov-
Smirnov test. Groups were compared regarding AMACR/
P504S staining intensities of biopsy cores, positive core number
(Mann-Whitney U test), age, preoperative prostate volume and
PSA value, tumour volume percentage (Student t-test), biopsy
and radical prostatectomy Gleason scores/ISUP grades, up and
down-grading rates (chi-square test). In addition, patients were
divided into three subgroups according to AMACR staining
intensity scores, and the Kaplan-Meier test was applied to each
subgroup. A p<0.05 value was considered statistically significant.

Results

The mean follow-up time was 40.48 (12-63) months when
recurrent patients were included in the study. The patients’ mean
age in the PSA recurrence group was slightly higher than the
other group (66.1+6.2 vs 63.5+7.9 years, respectively). However,
the difference between ages was not statistically significant
(p=0.25). There was a statistically significant difference between
the two groups regarding preoperative PSA values (9.4£5.5 vs
14.7+7.1 ng/dL, p=0.004). There was no statistically significant
difference between the groups’ preoperative prostate volumes
(47.2+£17.9 vs 54.6£20.3 mL, p=0.36). The distribution of the
patients’ biopsy Gleason/ISUP grade group is shown in Table
2. No statistically significant difference was found between
the grade distributions (p=0.55). The positive core median
was three in both groups (p=0.65). The mean AMACR/P504S
staining scores of positive biopsy cores were 1.88+£0.85 and
1.27+1.22 for group 1 and group 2, respectively. The AMACR/
P504S staining score of positive cores were significantly higher
in patients with PSA recurrence than non-recurrent patients
(p=0.002).

Table 2. Comparison of the groups according to baseline
characteristics and AMACR staining

PSA recurrence + PSA recurrence -

Group 1 Group 2 p-value
Patient number 25 25
Age (year, mean) 66.1+6.2 63.5£7.9 0.25*
(median, range) 67 (54-76) 65.5 (44-75)
Preop. PSA (ng/mL, | 14 7471 9.445.5 0.004*

mean)

Biospy Gleason scores/ISUP grades

Gleason 3+3/ISUP 1 | 21/25 (84%) 18/25 (72%)

Gleason 3+4/ISUP 2 | 4/25 (16%) 4/25 (16%) 0.55¢

Gleason 4+3/ISUP 3 | 0/25 (0%) 3/25 (12%)

Positive core number

- R p
(median) 3 (1-6) 3(1-8) 0.65
TRUS prostate 47.2¢17.9 54.6+20.3 0.36*
volume (mL, mean)

Mean AMACR/P504S

staining score of 1.88+0.85 1.27+1.22 0.002¢

positive cores

*Student t-test, “chi-square test, Mann-Whitney U test, TRUS: Transrectal
ultrasound, AMACR: Alpha methylacyl A coenzyme racemase, ISUP: International
Society of Urological Pathology,
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Table 3. Comparison of the groups according to RP pathologic
outcomes
PSA Recurrence + | PSA Recurrence - value
Group 1 Group 2 P
Patient number 25 25
RP Gleason scores/ISUP grades
Gleason 3+3/ISUP 1 17/25 (68%) 18/25 (72%)
Gleason 3+4/ISUP 2 5/25 (20%) 2/25 (8%) 0.37¢
Gleason 4+3/ISUP 3 3/25 (12%) 5/25 (20%)
Up-grading rate 8/25 (32%) 5/25 (20%) 0.52¢
Down-grading rate 1/25 (4%) 3/25 (12%) 0.61*
Tumor volume 3214238 25.4+15.1 0.67*
percentage (mean)
“chi-square test, *Student t-test, RP: Radical prostatectomy, PSA: Prostate-specific
antigen, ISUP: International Society of Urological Pathology

The distribution of the patients’ radical prostatectomy Gleason/
ISUP grade group is shown in Table 3. No statistically significant
difference was found between the grade distributions (p=0.37).
Gleason/ISUP up-grading was detected in 32% (8/25) of
patients in group 1 and in 20% (5/25) of patients in group 2
(p=0.52). Gleason/ISUP down-grading was detected in 4%
(1/25) of patients in group 1 and in 12% (3/25) of patients in
group 2 (p=0.61). There was no difference in the tumour volume
percentage between the groups (32.1£23.8 vs 25.4%15.1,
p=0.67).

The patients were divided into three subgroups according to
their biopsy AMACR scores. A Kaplan-Meier test was performed
according to the biochemical recurrence outcome (Graphic 1).
A test of equality of recurrence distributions for the different
AMACR scores did not show statistical significance (p=0.43).

Discussion

Our study’s main finding showed a significant relationship
between the increased biopsy core AMACR staining intensity and
biochemical recurrence after radical prostatectomy. This clinical
finding provides indirect evidence of a possible relationship
between prostate cancer aggressiveness and increased AMACR
cancer cell expression. However, the AMACR score groups were
not separated regarding biochemical recurrence endpoints in
the Kaplan-Meier analysis.

Box and colleagues (10) described the relationship between
AMACR and biochemical recurrence as marginal in a study
of 218 patients who underwent radical prostatectomy for
localised prostate cancer. On the other hand, an early study
investigating the relationship between AMACR-prostate cancer
and lower AMACR tissue expression has been associated with
an increased rate of biochemical recurrence (7). Inconsistent
results regarding the relationship between AMACR and worse
prostate cancer outcomes can be explained by varying AMACR
expression during prostate cancer’s natural course. Studies
show that AMACR expression increases in cancerous cells
compared with benign prostate cells but decreases as cancer
cells’ differentiation decreases. Luo et al. (11) demonstrated in
2002 that the AMACR gene is up-regulated in prostate cancer.
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A growing body of literature suggests that the gene groups’
predictive value may be more effective than clinical and
pathological parameters, such as PSA and Gleason score.
Overexpression of four genes, including AMACR, was shown
to have a significant relationship with aggressive disease
characteristics, such as extracapsular extension, tumour stage,
and seminal vesicle invasion in a study conducted in 2019 (12).
This statistically significant relationship showed better overall
clinical performance than PSA and Gleason score. The AMACR
score showed a better diagnostic value than serum PSAin another
recent study (13). In that study, AMACR and PSA messenger RNA
(mRNAs) obtained by urine sediment analysis were evaluated by
quantitative real-time polymerase chain reaction. In our study,
the PSA and biopsy core AMACR staining intensity differences
between the groups regarding biochemical recurrence after
radical prostatectomy were statistically significant.

Since AMACR expression is directly related to carcinogenesis,
it makes the AMACR molecule a parameter that offers different
clinical benefits than PSA. It is known that PSA synthesis in the
prostate cell does not increase significantly even in neoplastic
processes (14). The increase in serum PSA is an indirect indicator
of the increase in the cancerous cell number, deterioration of
the intercellular connections and the basement membrane
(15). AMACR’s presence in serum has been demonstrated, but
no statistically significant difference was found between serum
AMACR levels in patients with and without prostate cancer (16).
Moreover, AMACR is not a prostate-specific molecule (17). The
above-mentioned disadvantages of the molecule in the systemic
circulation overshadow its superiority against PSA in the cancer
microenvironment. This causes the molecule to be a parameter
dependent on tissue diagnosis and limits its clinical use as a
candidate for prostate cancer marker. In this context, seminal
fluid studies are far from providing the expected results (18).

Study Limitations

Our study has some limitations. Retrospective patient data and
material collection, excluding patients with insufficient data,
has affected the groups’ random distribution. In addition, the
number of patients included in the study was below the number
obtained by power analysis due to the lack of staining kits. The
categorical evaluation of AMACR staining intensity restricted
the statistical efficiency of the parameter. Further scoring can
be developed, like the Gleason score, which considers the
overall biopsy core specimen. In addition, high up-grading rates
(group 1: 32% vs group 2: 20%) in both groups weakened the
relationship between the biopsy findings and the clinical course
of patients after radical prostatectomy.

Conclusion

There is a significant relationship between increased AMACR/
P504S expression in cancerous prostate tissue and PSA
recurrence after radical prostatectomy. Prospective clinical
studies are needed to demonstrate AMACR's predictive value of
biochemical recurrence with a high level of evidence.
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