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Relationship Between AMACR Staining Density of Radical
Prostatectomy Specimen and Biochemical Recurrence in
Patients with Pathological Stage T2a-b
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Abstract

Objective: This study aimed to evaluate the relationship between Alpha-methylacyl-CoA racemase (AMACR) staining intensity of pathologic specimens
and Prostate Spesific Antigen (PSA) recurrence of patients with an organ-limited disease who underwent radical prostatectomy for localized prostate
cancer.

Materials and Methods: The data of 46 patients who underwent radical retropubic prostatectomy and who had prostate-limited disease without
capsule invasion in the pathological evaluation were included in the study. AMACR expression was assessed by immunohistochemical staining.
Expression levels were classified as negative (score=0), weak (score=1), moderate (score=2) and strong (score=3) staining. Patients with a PSA value
of 20.2 ng/mL at postoperative follow-up were considered to have a biochemical recurrence. Patients were divided into two groups, according to
biochemical recurrence. Groups were compared in terms of AMACR staining intensities of radical prostatectomy specimens.

Results: Twenty-one patients developed PSA recurrence in a mean follow-up period of 32+8 months. The remaining 25 patients were recurrence-free.
The mean recurrence time was 24+5 months. According to AMACR staining scores, the biochemical recurrence rates of the patients were 33.3%,
40.7%, and 61.5% for score 1, score 2, and score 3, respectively. Although higher rates of PSA recurrence were observed in patients with more intense
AMACR staining, the difference between rates was not statistically significant (p=0.38).

Conclusion: PSA recurrence rate increases with increasing AMAC-CR staining intensity. Further studies are needed to obtain statistically significant
results.
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Introduction cancer tissue when compared to BPH. AMACR was highlighted

as one of the few genes explaining pathway dysregulation for
Alpha-methylacyl-CoA racemase (AMACR) is a protein enzyme prostate cancer in a gene meta-analysis (3). Pathology studies
that provides beta-oxidation of branched fatty acids. The with immunohistochemical staining techniques and biochemical
enzyme localized in mitochondria and peroxisomes is also studies have reported similar results (4). Increased transcription
known as P504S. Peroxisomal oxidation is a potential source of of the AMACR gene and increased activity of the enzyme
oxidative damage to the cell and causes the accumulation of in cancer cells compared to benign prostate tissues suggest
carcinogenic hydrogen peroxide. that the molecule can be used as a biomarker for prostate
Several studies have shown increased AMACR-mRNA cancer. AMACR protein expression levels were first shown to
transcription in prostate cancer tissues (1,2). Transcript levels of be significantly associated with prostate cancer progression,
the enzyme showed an average 3.75-fold increase in prostate and the reduced AMACR expression level was associated with
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increased biochemical recurrence and cancer-related death (5).
Patients with high Gleason scores and low AMACR expression
had an 18-fold higher risk of prostate cancer death.

This study aimed to evaluate the relationship between AMACR
staining intensity of pathologic specimens and Prostate Spesific
Antigen (PSA) recurrence of patients who underwent radical
prostatectomy for the low and intermediate-risk organ-confined
disease.

Materials and Methods

The data of 320 patients who underwent radical retropubic
prostatectomy for localized prostate cancer in our clinic were
evaluated retrospectively. The following exclusion criteria were
taken into consideration;

1- Pathological stage T2c and above

2- Positive lymph node metastasis

3- Preoperative PSA >20 ng/mL

4- Biopsy Gleason Score >7 (ISUP grade group 4-5)

Forty-six patients with organ-confined disease in radical
prostatectomy pathology were included in the study (pathological
stage T2a and T2b). All of the patients have low and intermediate-
risk prostate cancer according to the D’Amico risk classification
(Gleason score 6 or 7, PSA <20 ng/mL) (6). Patients with a PSA
value of 20.2 ng/mL at postoperative follow-up were considered
to have a biochemical recurrence. Patients were divided into two
groups, according to biochemical recurrence.

All hematoxylin eosin-stained sections of radical prostatectomy
specimens were examined. The best samples for the tumor
and the most suitable preparations for immunohistochemical
examination were selected. Then the appropriate sites
for immunostaining were marked. Re-sections were taken
from paraffin blocks to precisely sample the marked areas.
Deparaffinization and clarification were applied to the sections
before immunohistochemical staining. Immunohistochemical
staining was performed using Primary Antibody AMACR/P504S
(Polyclonal Rabbit Antibody, P504S, Catalog Number: CP 200
AK, BK, CK) and UltraTek Anti-Rabbit (UltraTek HRP Anti-Rabbit
(DAB) Staining System, Logan, Utah, USA)

We formed four groups according to staining intensity (Figure
1) (Table 1) (7). After staining, it was seen that the preparations
contained areas showing different staining intensity. In order to
prevent the preparations from having more than one staining
score, the area with the highest staining intensity was scored for
the relevant preparation. Furthermore, since all of the evaluated
preparations containing areas with negative staining scores
simultaneously included one of the other staining scores, no
preparation received negative staining scores.

Statistical Analysis

The chi-square and Fisher’s exact tests were used for the
difference between the categorical variables. The Mann-Whitney
U and Kruskal-Wallis tests were used for the difference between
the means. For more than two groups, the ANOVA test was
used. The data were analyzed with the Statistical Package for
the Social Sciences v. 17 (SPSS Inc., lllinois, USA). A p value
under 0.05 was considered statistically significant.

Figure 1. (a) Diffuse, strong cytoplasmic staining (AMACR X 100) in tumor
tissue forming 2 abortive gland formation. (b) Disseminated, moderate
cytoplasmic staining of tumor tissue 3 forming the abortive gland formation
(AMACR X 200). (c) Weak cytoplasmic staining of 4 tumor tissue forming the
abortive gland formation (AMACR X 200). (d) Negative staining of 5 tumor
tissue forming abortive gland formation and weak cytoplasmic staining in the
right 6 lower part (AMACR X 100).

Table 1. Staining classification of samples

Score AMACR staining

0 Negative staining

1 Weak cytoplasmic staining

2 Disseminated, moderate cytoplasmic staining
3 Diffuse, strong cytoplasmic staining

AMACR: Alpha-methylacyl-CoA racemase

Results

The mean age of 46 patients was 65.23+6.36 years. The mean
preoperative serum PSA level was 8.96+6.78 ng/mL, the mean
number of positive biopsy quadrants was 2.60+1.74, the mean
tumor percentage was 13.04+15.10, and the prostate volume
was 49.89+19.94 cc. The mean follow-up period was 32+8
(3-61) months. The mean recurrence time was 2445 (3-59) in
patients with PSA recurrence.

Twenty-one patients with PSA recurrence and 25 patients
without recurrence were compared for preoperative and
pathological data. The two groups were similar in terms of
age, preoperative serum PSA levels, biopsy Gleason scores,
positive number of biopsy quadrants, percentile of tumors, and
prostate volume (p=0.3, p=0.8, p=0.32, p=0.98, p=0.47, p=0.4
respectively, Table 2).

Biochemical recurrence after radical prostatectomy was observed
in 33.3% (2/6), 40.7% (11/27), and 61.5% (8/13) of patients
with AMACR staining intensity score 1, 2 and 3, respectively.
As the immunohistochemical staining intensity increased with
AMACR, the rate of PSA recurrence increased. However, there
was no statistically significant difference between the groups in
terms of biochemical recurrence rates (p=0.377) (Table 3).

The relationship between Gleason score, the percentile of
tumors, and AMACR immunohistochemical staining intensity
were investigated in radical prostatectomy material. There was
no statistically significant relationship between Gleason score
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Table 2. Comparison of clinical features of patients with and without PSA recurrence

Means of characteristic PSA recurrence + PSA recurrence - p*
Age (years) 64.2316.51 66.08+6.23 0.31
Preoperative PSA (ng/mL) 9.26+7.33 8.68+6.43 0.84
Biopsy Gleason scores 6.16+0.37 6.33+0.48 0.32
Number of positive TRUS-Bx sample 2.65+1.93 2.56%1.60 0.98
Percantile of tumor (%) 13.43+£16.92 13.10+£13.75 0.47
Prostate volume (%) 59.28+22.15 47.2+17.89 0.40
PSA: Prostate Spesific Antigen, TRUS: Transrectal ultrasound

*Mann-Whitney U tests

Table 3. Relationship between AMACR staining score and PSA recurrence

Scores PSA recurrence + PSA recurrence - p Biopsy Gleason score

1 2 (33.3%) 4 (66.7%) - 6.17+0.41

2 11 (40.7%) 16 (59.3%) 0.38* 6.33+0.48

3 8 (61.5%) 5(38.5%) - 6.08+0.28

p - - - 0.19¢

AMACR: Alpha-methylacyl-CoA racemase, PSA: Prostate Spesific Antigen

*Chi-square test, “ANOVA test

and AMACR staining intensity (p=0.568). Tumor percentages
in prostatectomy specimens of patients with AMACR staining
intensity score 1, score 2, and score 3 were 14.16+13.68%,
13.37+£16.60% and 11.82+13%, respectively. It was found
that the percentage of tumors decreased in the specimens as
staining score increased. However, the difference between the
groups was not statistically significant (p=0.97).

Discussion

Rubin et al. (7) have reported no significant relationship
between AMACR protein expression and pathological
parameters such as radical prostatectomy Gleason score, tumor
stage, tumor percentage, and surgical margin positivity. Also,
AMACR expression level was not associated with recurrence
of PSA following surgery at a mean follow-up of 3 years in
a series of 120 patients. In our study, it was found that PSA
recurrence rates increased with increasing AMACR expression
levels. However, there was no statistically significant difference
between the groups. AMACR protein expression was evaluated
in two localized prostate cancer groups of 204 patients treated
with radical prostatectomy, and 188 patients followed with
watchful-waiting in another study conducted by Rubin et al. (5).
The development of PSA recurrence in the surgical group and
cancer-related death in the follow-up group were considered
endpoints, and the AMACR staining intensity was evaluated
both manually and using a computer-assisted program. In the
surgery-treated group, no significant correlation was found
between the AMACR expression score and PSA recurrence, as
was the case in previous studies. Small differences in clinical
character were observed when comparing low and high
AMACR expression in computer-assisted evaluation. In contrast,
those with low AMACR expression were found to develop
twice as much PSA recurrence during follow-up as compared
to those with high expression. The cut-off value of AMACR
intensity was 1.11 SD in the surgery group and 0.18 SD in the
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follow-up group. PSA recurrence was found in 37.5% of the
patients below this cut-off value in the surgery group. This rate
was found to be 14.5% in patients above that value. Patients
with lower AMACR expression have a significantly higher risk
of developing PSA recurrence. Three-fold more cancer-related
deaths were observed in those with AMACR expression below
the cut-off value in the follow-up group. Patients with low
AMACR expression and high Gleason scores are reported to
have a 4-fold increased risk of PSA recurrence and an 18-fold
higher risk of cancer-related death.

Intense AMACR staining was reported in untreated metastatic
and hormone-resistant prostate cancer cases in a study by Luo
et al. (8). The author emphasized that combined staining for
p63 and AMACR facilitates the detection of cancer cells in both
biopsy and surgical specimens. Studies with the triple stain
antibody cocktail obtained by adding high-molecular-weight
keratin to these two antibodies are also available in the literature
(9). The results of studies using PCR-based detection of AMACR
are similar to the results obtained by immunohistochemical
staining techniques and provide data that potentiate these
results (10). AMACR-mRNA transcription in malignant prostate
tissue has been shown to increase several-fold. Kumar-Sinha
et al. (10) also reported increased AMACR enzymatic activity
in prostate cancer tissues compared to benign prostate tissue.

Molinié et al. (11) emphasize that AMACR staining efficacy may
be particularly prominent in suspicious biopsy sites smaller than
1 mm. Diagnosis for atypical small acinar proliferation may
become easier with AMACR (12).

In recent trials, AMACR has been the subject of studies to detect
prostate cancer by molecular imaging. There are positive results
in the literature that molecular imaging is possible using the
transcriptional specificity of the AMACR promoter (13). Gene
fusions are thought to play a critical role in the development
and progression of prostate cancer. Yang et al. (13) found the
SLC45A2-AMACR fusion gene in their current study (14). From
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understanding the genetic basis of prostate cancer to easier
diagnosis, AMACR is often included basic researches a promising
protein. It was shown that patients with biopsy-proven prostate
cancer had higher semen AMACR levels than the control group
in a study in which semen AMACR levels were measured using
the indirect sandwich ELISA chemiluminescence assay (15).
Also, AMACR can be used mainly in the treatment of castration-
resistant prostate cancer (16).

In our study, there was no significant relationship between
AMACR protein expression and PSA recurrence. Unlike Rubin
et al. (7), there were no patients with very low or very high
Gleason scores in our series (Gleason 5 or 8-9). Also, in our
study, no patients were showing surgical margin positivity and
extracapsular extension, while patients with these characteristics
were present in the mentioned study. In summary, the results of
the recent study determined by the patients with both clinically
and pathologically localized prostate cancer who were more
challenging to predict the development of PSA recurrence. Also,
Rubin’s study evaluated the AMACR expression intensity both
manually and using a computer-assisted program, and indicated
that computer-assisted evaluation was more reliable (7).

Study Limitations

There are some limitations to this study. First of all, direct
visual evaluations mentioned in the paragraph above were the
main limitation of our study. We designed our study in light of
the studies of Rubin et al. (5) and Barry et al. (16). High-risk
patients, who may have micrometastasis that could not be
detected at the time of operation, were excluded. Thus, the
series was homogenized. Finally, 46 of the 92 patients with
appropriate specimens for AMACR staining were included in
the study. This limitation affecting the patient distribution of the
groups may have been determinant in the results of the study.

Conclusions

The PSA recurrence rate increases with increasing AMAC-
CR staining intensity. However, no statistically significant
relationship was found between the AMACR staining intensity of
pathology specimens and postoperative biochemical recurrence
(PSA recurrence) in patients undergoing radical prostatectomy
for localized prostate cancer. Also, no statistically significant
relationship was found between RRP Gleason score, tumor
percentile, and AMACR staining intensity, which are essential
prognostic parameters for prostate cancer. Further studies are
needed to obtain statistically significant results.
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