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Background: This study determined the predictive value of CRMP4 promoter
methylation in prostate tissues collected by core needle biopsies for a postoperative
upgrade of Gleason Score (GS) to ≥8 in patients with low-risk PCa.

Method: A retrospective analysis of the clinical data was conducted from 631 patients
diagnosed with low-risk PCa by core needle biopsy at multiple centers and then
underwent Radical Prostatectomy (RP) from 2014-2019. Specimens were collected by
core needle biopsy to detect CRMP4 promoter methylation. The pathologic factors
correlated with the postoperative GS upgrade to ≥8 were analyzed by logistic
regression. The cut-off value for CRMP4 promoter methylation in the prostate tissues
collected by core needle biopsy was estimated from the ROC curve in patients with a
postoperative GS upgrade to ≥8.

Result: Multivariate logistic regression showed that prostate volume, number of positive
cores, and CRMP4 promoter methylation were predictive factors for a GS upgrade to ≥8
(OR: 0.94, 95% CI: 0.91-0.98, P=0.003; OR: 3.16, 95% CI: 1.81-5.53, P<0.001; and OR:
1.43, 95% CI: 1.32-1.55, P<0.001, respectively). The positive predictive rate was 85.2%,
the negative predictive rate was 99.3%, and the overall predictive rate was 97.9%. When
the CRMP4 promoter methylation rate was >18.00%, the low-risk PCa patients were
more likely to escalate to high-risk patients. The predictive sensitivity and specificity were
86.9% and 98.8%, respectively. The area under the ROC curve (AUC) was 0.929 (95%CI:
0.883-0.976; P<0.001). The biochemical recurrence (BCR)-free survival, progression-free
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survival (PFS), and cancer-specific survival (CSS) were worse in patients with CRMP4
methylation >18.0% and postoperative GS upgrade to ≥8 than in patients without an
upgrade (P ≤ 0.002).

Conclusion: A CRMP4 promoter methylation rate >18.00% in prostate cancer tissues
indicated that patients were more likely to escalate from low-to-high risk after undergoing
an RP. We recommend determining CRMP4 promoter methylation before RP for low-risk
PCa patients.
Keywords: prostate cancer, gleason score upgrade, CRMP4 promoter methylation, biochemical recurrence, pelvic
lymph node dissection
1 INTRODUCTION

Prostate cancer (PCa) is one of the most common cancers
affecting males, especially in developed countries (1). An
accurate diagnosis of PCa can be made based on the prostate-
specific antigen (PSA) level, digital rectal examination,
radiographic examination, and core needle biopsy of the
prostate gland. The Gleason score (GS) provides a reference
for developing the treatment regimen and evaluating the
prognosis. According to the National Comprehensive Cancer
Network (NCCN) guidelines, patients diagnosed with low-risk
PCa with the GS ≤6, T1-T2a and PSA<10ng/ml require active
surveillance (AS) or radical prostatectomy (RP). Patients
diagnosed with high-risk PCa with the GS≥8, ≥T3a or
PSA>20ng/ml should undergo RP with pelvic lymph node
dissection (PLND) (2). It has been reported (3–9) that 30%-
55% of PCa patients developed a GS upgrade based on the
postoperative pathologic evaluation; thus, they have already
missed the best treatment regimen available. This is
particularly the case for those with an escalation from low-to-
high risk based on the postoperative pathologic evaluation. Such
patients should have undergone RP plus PLND, while they only
underwent AS or RP and therefore missed the best treatment
regimen. Indeed, the question is whether low-risk PCa patients
require core needle biopsies to predict the likelihood of a GS
upgrade and optimize the treatment regimen before performing
an RP.

Many factors have been proposed for the prediction of a GS
upgrade: PSA level; prostate-specific antigen density (PSAD);
body mass index (BMI); prostate volume; clinical T stage; the
number of biopsies; the number of positive cores; percentage of
positive cores; serum testosterone level; neutrophil-to-
lymphocyte ratio; and type of biopsy technique (5, 10–14).
There have been studies involving the use of biopsies to
predict the escalation from low-to-high-risk PCa following an
RP. It has only been reported (15) that the PSA level is correlated
with a GS upgrade to ≥8. Studies have shown that DNA
methylation is closely related to tumor progression (16, 17).
The collapsin response mediator protein 4 (CRMP4) is a
member of the CRMP family and is a tumor suppressor gene
for prostate cancer metastases. Existing studies have
demonstrated that CRMP4 promoter methylation leads to
downregulation of CRMP4, thus promoting PCa invasion and
2

metastases (18). Improving the diagnostic and treatment
accuracy of PCa has become an urgent issue in the age of
precision medicine. Herein we discuss the predictive value of
CRMP4 promoter methylation in escalation decisions from low-
to-high-risk PCa based on core needle biopsies. Other potential
risk factors were also evaluated to optimize the treatment
regimen before performing an RP.
2 MATERIALS AND METHOD

2.1 Sources of Patients
A retrospective analysis of the clinical data was conducted from
631 patients diagnosed with low-risk PCa by core needle biopsies
at multiple centers, then undergoing RP from 2014-2019. 61 and
570 patients with and without a postoperative GS upgrade to ≥8,
respectively. The following data were collected from 631 PCa
patients: age; PSA level; prostate volume; PSAD; the number of
biopsies; the number of positive cores; percentage of positive
cores; clinical T stage; pathologic T stage; GS based on core
needle biopsy; GS upon postoperative pathologic evaluation; cut-
off value for CRMP4 promoter methylation rate based on core
needle biopsy; positive resection margins; seminal vesicle
invasion; lymph node metastases; biochemical recurrence
(BCR) and the time of BCR; clinical progression and the time
of progression; and cancer-specific (CS) death and the time of CS
death. Definition of GS grade was as follows: GS ≤ 6 (grade
group1); GS=3+4(grade group2); GS=4+3 (grade group3); and
GS≥8 (grade group4 or 5). An upgrade was considered if the
grade group was higher in postoperative pathologic evaluation
than preoperative core needle biopsy results (2, 19).

2.2 Follow-Up
The patients were followed once every 3 months in the 1st year
after surgery, then every 6 months in the 2nd year. The follow-up
was then performed annually. The follow-up evaluations
included the following: BCR; clinical progression; and CS
death. The definition of BCR was a PSA level ≥ 0.2 ng/ml on 2
consecutive determinations after the RP (20). The definition of
clinical progression was a local recurrence or systemic metastases
diagnosed by biopsy or radiographic evaluation (21). The
definition of a CS death was a death caused by or related to
PCa (22).
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2.3 CRMP4 Promoter Methylation
Core needle biopsies collected prostate tissues from 631 patients,
and paraffin-embedded samples were performed to detect CRMP4
CpG methylation. The paraffin-embedded samples were first used
for pathologic evaluation before detecting CRMP4 CpG
methylation. Based on the postoperative pathologic evaluation,
the pathologist who established the diagnosis selected the cores
with the highest GS. A laser microdissection system (Leica 6500;
Germany) was used to label and dissect the cancer area (23). DNA
was extracted from the tissues, amplified by PCR, and modified by
hydrosulphite. Pyrosequencing was performed, and the primers
used in the present study are described in our previous report
(24, 25). Graphs showing the distribution of CRMP4 methylation
are included, see the Supplementary Materials for details.

2.4 Inclusion Criteria

1. All patients had a GS ≤ 6, PSA level<10 ng/ml, and clinical T
stage ≤T2a based on the preoperative biopsy; the number of
biopsies was ≥8;

2. All patients underwent an RP, and a postoperative pathologic
diagnosis was established;

3. All patients had complete clinical data, including
preoperative indicators, postoperative pathologic findings,
and follow-up evaluation findings;

4. All patients had core needle biopsies to collect tissue samples
for CRMP4 promoter methylation detection.
2.5 Exclusion Criteria

1. (1). GS=7 based on postoperative pathologic evaluation;
2. (2). Deaths due to reasons other than PCa.
2.6 Statistical Analysis
Statistical analyses were performed using SPSS 27.0. Continuous
data are expressed by ranges, frequencies are expressed by
percentages, continuous variables were analyzed using t-tests; and
categorical variables were analyzed using chi-square tests. Logistic
regression was performed to identify the predictive factors for a
postoperative GS upgrade to ≥8. Optimal cut-off values were
determined from the ROC curves for potential predictive factors,
including CRMP4 promoter methylation, and the more accurate
predictive factor was identified. The BCR-free survival, progress-
free survival, and CSS were calculated by Kaplan-Meier survival
analysis for patients with high CRMP4 methylation and patients
with lowCRMP4methylation.A P<0.05was considered to indicate
a statistically significant difference.
3 RESULT

3.1 General Features of Patients With a
Postoperative GS Upgrade to ≥8
The average age of the 61 patients with a postoperative GS upgrade
to ≥8 was 67 ± 7.1 years, a PSA level of 7.52 ± 2.26 ng/ml, and a
Frontiers in Oncology | www.frontiersin.org 3
PSAD of 0.25 ± 0.12 ng/ml2. For these patients, the prostate
volume was 32.27 ± 11.78 ml, the total number of biopsies was
14 ± 4.8, the number of positive cores was 3 ± 1.2, the percentage
of positive cores was 0.22 ± 0.09, and the median follow-up time
was 57 ± 35.0 months (Table 1).

3.2 Comparison of General Preoperative
Features Between Patients With and
Without a Postoperative GS Upgrade to ≥8
Compared to patients without a postoperative GS upgrade,
patients with a postoperative GS upgrade to ≥8 had a lower
PSA level and a smaller prostate volume, but an increase in the
number of positive cores, percentage of positive cores, CRMP4
promoter methylation rate, and more advanced clinical T stage.
There were 61 and 570 patients with and without a postoperative
GS upgrade to ≥8, respectively. There were no significant
differences in age, PSAD, number of biopsies, and duration of
follow-up between the two groups (P=0.468, P=0.377, P=0.959,
and P=0.256, respectively). The mean PSA level was 7.89 ± 1.85
ng/ml in the patients without a GS upgrade compared to 7.15 ±
2.26 ng/ml in patients with a postoperative GS upgrade to ≥8
(P=0.017). The mean prostate volume was 42.50 ± 21.25 ml in
patients without a GS upgrade compared to 32.27 ± 11.78 ml in
patients with a postoperative GS upgrade ≥8 (P<0.001). The
mean number of positive cores was 2 ± 0.9 in patients without a
GS upgrade compared to 3 ± 1.2 in patients with a postoperative
GS upgrade to ≥8 (P<0.001). The mean percentage of positive
cores was 0.15 ± 0.06 in patients without a GS upgrade to 0.22 ±
0.09 compared to patients with a postoperative GS upgrade to ≥8
(P<0.001). The mean CRMP4 promoter methylation rate was
5.54 ± 2.75% in patients without a GS upgrade compared to
24.39 ± 10.34% in patients with a postoperative GS upgrade to ≥8
(P<0.001). The patients staged with cT2a disease accounted for
88.52% and 65.96% of all patients with and without a GS
upgrade, respectively (P<0.001; Table 1).

3.3 Risk factors Predicting a Postoperative
GS Upgrade to ≥8
3.3.1 Analysis of Risk Factors Predicting a
Postoperative GS Upgrade to ≥8 Based on
Univariate and Multivariate Logistic Regression
Univariate logistic regression showed that the PSA level, prostate
volume, number of positive cores, CRMP4 promoter
methylation ra[te, and clinical T stage were factors predicting a
postoperative GS upgrade to ≥8 (OR: 0.84, 95% CI: 0.74-0.95,
P=0.005; OR: 0.96, 95% CI: 0.95-0.98, P<0.001; OR: 1.95, 95% CI:
1.52-2.49, P<0.001; OR: 1.40, 95% CI: 1.32-1.49, P<0.001; and
OR: 3.98, 95% CI: 1.78-8.91, P=0.001, respectively). Multivariate
logistic regression showed that prostate volume, number of
positive cores, and the CRMP4 promoter methylation rate
were all factors predicting a GS upgrade to ≥8. The positive
predictive rate was 85.2%, the negative predictive rate was 99.3%,
and the overall predictive rate was 97.9%. The smaller the
prostate volume, the higher the possibility of a GS upgrade
to ≥8 (OR: 0.94, 95% CI: 0.91-0.98, P=0.003). The higher the
number of positive cores, the higher the possibility of a GS
March 2022 | Volume 12 | Article 840950
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upgrade to ≥8 (OR: 3.16, 95% CI: 1.81-5.53, P<0.001). The higher
the CRMP4 promoter methylation rate, the more likely a GS
upgrade to ≥8 (OR: 1.43, 95% CI: 1.32-1.55, P<0.001; Table 2).

3.3.2 Comparison of the Predictive Performance of
Different Pathologic Factors for a Postoperative GS
Upgrade to ≥8 Based on ROC Analysis
A comparison of the ROC curves indicated that the CRMP4
promoter methylation rate had the highest accuracy in predicting
a GS upgrade to ≥8. The cut-off value for the CRMP4 promoter
methylation rate estimated from the ROC curve was 18.00%,
above which a GS upgrade to ≥8 was more likely to occur. The
sensitivity and specificity of the cut-off value were 86.9% and
98.8%, respectively. The area under the ROC curve was 0.929
(95% CI: 0.883, 0.976; P<0.001). The CRMP4 promoter
methylation rate had a higher diagnostic accuracy. The cut-off
value for the number of positive cores estimated from the ROC
curve was 2, above which a GS upgrade to ≥8 was more likely to
occur. The sensitivity and specificity of the cut-off value were
57.4% and 75.1%, respectively. The area under the ROC curve
Frontiers in Oncology | www.frontiersin.org 4
was 0.680 (95% CI: 0.605, 0.756; P<0.001). The number of
positive cores had a lower diagnostic accuracy. The cut-off
value for the prostate volume estimated from the ROC curve
was 32.43 ml, below the value for which a GS upgrade to ≥8 was
more likely to occur. The sensitivity and specificity of the cut-off
value were 62.3% and 64.7%, respectively. The area under
the ROC curve was 0.654 (95% CI: 0.591, 0.718; P<0.001). The
prostate volume also had a lower diagnostic accuracy. The
sensitivity and specificity for combining the above three factors
in predicting a GS upgrade to ≥8 were 90.2% and 96.5%,
respectively. The area under the ROC curve was 0.929 (95%
CI: 0.943, 0.995; P<0.001). Combining the three factors had the
highest diagnostic accuracy (Figure 1).

3.4 Comparison of the Postoperative
Pathologic Evaluation Between Patients
With and Without a Postoperative GS
Upgrade to ≥8
The pathologic T stage after surgery was more advanced. The
seminal vesicle invasion rate, positive resection margin,
TABLE 1 | General features of patients with a postoperative upgrade in GS to ≥8 and those without such an upgrade.

Variable Total, NO. (%) p-value

GS ≤ 6 (GG=1) GS≥8 (GG≥4)

No.of cases 570 61 –

Median age (y,range) 66 (43-85) 67 (50-81) 0.468a

Median PSA (ng/ml,range) 7.89 (1.20-9.99) 7.15 (2.30-9.99) 0.017a

Median prostate volume (ml,range) 42.50 (10.01-243.02) 32.27 (12.36-65.16) <0.001a

Median PSAD (ng/ml2,range) 0.23 (0.02-0.91) 0.25 (0.07-0.75) 0.377a

No.of cores,median (range) 14 (8-24) 14 (8-24) 0.959a

Positive cores,median (range) 2 (1-6) 3 (1-6) <0.001a

Percent positive core 0.15 (0.05-0.38) 0.22 (0.04-0.38) <0.001a

CRMP4 value 5.54 (0.00-25.71) 24.39 (3.86-47.00) <0.001a

Biopsy Gleason sum n –

≤6 570 (100%) 61 (100%)
Clinical T stage n <0.001b

T1 194 (34.04%) 7 (11.48%)
T2a 376 (65.96%) 54 (88.52%)

Pathological T stage n <0.001b

T1 27 (4.74%) 0 (0%)
T2a 279 (48.95%) 5 (8.20%)
T2b 120 (21.05%) 7 (11.48%)
T2c 92 (16.14%) 31 (50.82%)
≥T3 52 (9.12%) 18 (29.51%)

Seminal Vesicle Invasion n <0.001b

Negative 561 (98.42%) 44 (72.13%)
Positive 9 (1.58%) 17 (27.87%)

Surgical Margin n <0.001b

Negative 508 (89.12%) 36 (59.02%)
Positive 62 (10.88%) 25 (40.98%)

Lymph node invasion n <0.001b

Negative 539 (94.56%) 47 (77.05%)
Positive 31 (5.44%) 14 (22.95%)

Biochemical recurrence n 88 (15.44%) 35 (57.38%) <0.001b

Clinical progression n 38 (6.67%) 22 (36.07%) <0.001b

Death n 13 (2.28%) 10 (16.39%) <0.001b

Follow-up Months,median (range) 63 (7-124) 57 (8-124) 0.256a
March 2022 | Volume 12 | Article
Values are presented as mean (range) deviation or number (%) unless otherwise indicated.
GS, gleason score; GG, grade group; PSA, prostate specific antigen; PSAD, prostate specific antigen density; CRMP4, collapsin response mediator protein 4.
aBased on Student t-test.
bBased on chi-square test.
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pathologic T stage, and positive lymph node rate were higher in
patients with a GS upgrade to ≥8 than in patients without an
upgrade (P<0.001). The patients with seminal vesicle invasion
accounted for 1.58% of all patients without a GS upgrade
compared to 27.87% of patients with a GS upgrade to ≥8
(P<0.001). The patients with positive resection margins
accounted for 10.88% of all patients without a GS upgrade
compared to 40.98% in patients with a GS upgrade to ≥8
(P<0.001). The patients with positive lymph nodes accounted
for 5.44% of all patients without a GS upgrade to 22.95% in
patients with a GS upgrade to ≥8 (P<0.001; Table 1
and Figure 2).
Frontiers in Oncology | www.frontiersin.org 5
3.5 Comparison of the Prognosis of
Patients With and Without a Postoperative
GS Upgrade to ≥8
Kaplan-Meier survival analysis showed that the prognosis was
worse in patients with a GS upgrade to ≥8 than patients without a
GS upgrade. Patients with a BCR accounted for 15.44% of all
patients without a GS upgrade compared to 57.38% of patients
with a GS upgrade to ≥8 (P<0.001). The patients with clinical
progression accounted for 6.67% of patients without a GS
upgrade compared to 36.07% of patients with a GS upgrade
to ≥8 (P<0.001). CS deaths accounted for 2.28% of all patients
without a GS upgrade compared to 16.39% of patients with a GS
upgrade to ≥8 (P<0.001; Table 1). Kaplan-Meier survival analysis
showed that the BCR-free survival, progression-free survival, and
CSS were worse in patients with CRMP4 methylation >18.0%
than in patients with CRMP4 methylation ≤18.0% (P<0.001;
P<0.001; P=0.002; Figure 3).
4 DISCUSSION

Per NCCN guidelines (2), AS or RP without lymph node
dissection is sufficient for low-risk PCa, while high-risk PCa
patients may face a higher chance of lymph node metastases.
Therefore, an RP with extended pelvic lymph node dissection
(ePLND) is recommended to improve PCa prognosis. Our study
demonstrated that the BCR-free survival, PFS, and CSS were
worse in patients with a postoperative GS upgrade to ≥8 than in
patients without an upgrade related to the pathologic features
and biological behaviors of PCa; and selection of the surgical
regimen. In an earlier study reported that the seminal vesicle
invasion and positive lymph node rates are higher among
patients with a GS update than in patients without an upgrade
(19% vs. 5.4% and 9.6% vs. 2.3%; P = 0.001 and 0.008,
respectively) (26). Another research showed the positive
resection margin rate was higher in the patients with a GS
upgrade than patients without an upgrade (33.0% vs. 11.2%;
P<0.001) (27). We also found that the seminal vesicle invasion,
positive resection margin, and positive lymph node rates were
FIGURE 1 | ROC curves for predicting a postoperative upgrade in GS to ≥8.
V, prostate volume; PC, Positive cores; C4, collapsin response mediator
protein 4.
TABLE 2 | Univariate and multivariate logistic regression to identify risk factors predicting a postoperative upgrade in GS to ≥8.

Variable Univariable Multivariable

OR 95%CI p-value OR 95%CI p-value

Age 1.01 0.98-1.05 0.468 – – –

PSA 0.84 0.74-0.95 0.005 – – –

prostate volume 0.96 0.95-0.98 <0.001 0.94 0.91-0.98 0.003
PSAD 2.29 0.37-14.28 0.377 – – –

No.of cores 1.00 0.93-1.08 0.945 – – –

Positive cores 1.95 1.52-2.49 <0.001 3.16 1.81-5.53 <0.001
CRMP4 value 1.40 1.32-1.49 <0.001 1.43 1.32-1.55 <0.001
Clinical T stage

T1 Reference – – Reference – –

T2a 3.98 1.78-8.91 0.001 – – –
March 20
22 | Volume 12 | Article
OR, odds ratio; CI, confidence interval; GS, gleason score; PSA, prostate specific antigen; PSAD, prostate specific antigen density; CRMP4, collapsin response mediator protein 4;
Positive predictive value, 85.2%; Negative predictive value, 99.3%; Total predictive value, 97.9%.
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higher among patients with a GS upgrade than in patients
without an upgrade (27.87% vs. 1.58%, 40.98% vs. 10.88%, and
22.95% vs. 5.44%; P <0.001 for each). This indicated that the
patients with a GS upgrade to ≥8 had adverse pathologic features.
When selecting the surgical regimen, the surgeons should attach
greater attention to those factors.

Studies have shown that an increase in the PSA and PSAD
levels, number of positive cores, percentage of positive cores, and a
decrease in the prostate volume and the number of positive cores
predict a higher chance of GS upgrade (10, 11). Santok
research.showed that a PSA of 10–20 ng/mL predicted a higher
chance of a GS upgrade to ≥8 (15). In contrast, we found that age,
PSA level, PSAD, and the number of biopsies did not correlate with
a GS upgrade to ≥8 as we only included the low-risk PCa patients.
Another possibility is that early screening for PCa is common in
China, leading to generally low levels of PSA upon PCa patients.
Our study indicated that a prostate volume<32.43 ml and a
number of positive cores>2 were closely related to a GS upgrade
to ≥8. Based on multivariate regression analysis, Qi reported that
the smaller the prostate volume, the higher the possibility of a GS
upgrade (P=0.033) (28). Prostate growth and differentiation are
closely related to the dihydrotestosterone level. PCa patients with a
smaller prostate volume have lower levels of testosterone and
dihydrotestosterone and a limited secretion of prostatic growth
factors, such as insulin and insulin-like growth factor (29). The low
expression of these hormones results in a more adverse
microenvironment, where only more invasive tumor cells can
grow, and the occurrence of high-grade PCa may be promoted.
Based on our results, the prostate volume predicted a GS upgrade
and a GS upgrade to ≥8, which expresses great importance for an
accurate evaluation of a GS upgrade in PCa. Other researchers have
reported that the number of positive cores > 2 is an independent
risk factor for a GS upgrade (P=0.045). This finding agrees with
our result regarding the predictive performance of the number of
positive cores for a GS upgrade to ≥8. The larger number of
Frontiers in Oncology | www.frontiersin.org 6
positive cores may reflect a broader distribution of cancer tissues
and an excessive tumor burden. Because of the limitations in the
biopsy technique, some cancer tissues with a local high GS may be
missed, leading to an underestimation of GS based on biopsy. For
this reason, the risk of a GS upgrade to ≥8 deserves extra attention
in PCa patients with a larger number of positive cores. If conditions
permit, the number of biopsies should be increased to avoid
missing the cancer tissues with a local high GS. As noted in our
study, the number of positive cores was equally important for
accurately evaluating GS. This was the first study to identify the
close connections between the prostate volume, the number of
positive cores, and a GS upgrade to ≥8.

The CRMP family consists of CRMP1-5 (30–32), some
studies have shown that CRMP4 expression is low in PCa. The
methylation of CRMP4 promoter leads to a downregulation of
CRMP4, which further promotes the invasion and metastasis of
PCa and affects the prognosis (18, 24, 33). The next question is
how CRMP4 promoter methylation is related to a GS upgrade.
Our results showed that the higher the CRMP4 methylation rate,
the more likely a GS upgrade to ≥8. Comparison of the ROC
curves showed that the AUC for CRMP4 promoter methylation
predicting a GS upgrade to ≥8 was 0.929. The sensitivity and the
specificity were 86.9% and 98.8%, respectively, which were
considerably higher than the prostate volume and number of
positive cores. When the CRMP4 promoter methylation rate was
>18.00%, the low-risk PCa patients were more likely to have a GS
upgrade to ≥8 based on biopsy. According to the NCCN
guidelines (2), an RP should be performed concomitantly with
PLND for PCa patients with a GS≥8. We recommend RP and
PLND for low-risk PCa patients with a preoperative CRMP4
promoter methylation rate > 18.00% based on preoperative
biopsy. According to an earlier study, PCa patients with a
CRMP4>15% are more likely to develop lymph node
metastases, which agreed with our results (34). In addition, the
combination of CRMP4 promoter methylation, prostate volume,
FIGURE 2 | Comparison of pathological features between patients with a postoperative upgrade in GS to ≥8 and those without such an upgrade. GS, gleason score;
SVI, seminal vesicle invasion; SM, surgical margin; LNI, lymph node invasion.
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FIGURE 3 | BCR-free survival in patients with biopsy C4 ≤ 18.0% and biopsy C4>18.0% (A). Clinically progression-free survival in patients with biopsy C4 ≤ 18.0% and
biopsy C4>18.0% (B).Cancer specific survival in patients with biopsy C4 ≤ 18.0% and biopsy C4>18.0% (C). C4, collapsin response mediator protein 4 methylation.
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and the number of positive cores had a much higher predictive
accuracy than any other factor. The AUC was 0.969, and the
sensitivity and specificity were 90.2% and 96.5%, respectively.
Our model had the highest predictive accuracy for a GS upgrade
to ≥8. Previously, few predictive models have been proposed for a
GS upgrade to ≥8. The model proposed has an AUC of 0.924 by
combining age, PSAD, PI-RADS score, and the number of
positive cores to predict a GS upgrade (28). Incorporates the
PSA level, the maximum percentage of cancerous components in
each core, the PI-RADS score, and the number of positive cores,
the AUC for predicting a GS upgrade is 0.90 (35). After
eliminating the PI-RADS score, the AUC is only 0.64. These
two models have higher predictive accuracy for a GS upgrade.
Thus, the PI-RADS score is highly valuable in predicting a GS
upgrade. A predictive model including the CRMP4 promoter
methylation rate has even higher accuracy. Therefore, CRMP4
promoter methylation has an essential role in predicting a GS
upgrade and greatly improves the model’s predictive power.
Taken together, it is necessary to determine the CRMP4
promoter methylation rate based on a preoperative biopsy. The
combination of the CRMP4 promoter methylation, prostate
volume, and the number of positive core rates showed a much
higher diagnostic accuracy for a GS upgrade and could better
guide the clinical work.

We encountered the problem of multifocal tumors while
collecting samples from prostate cancer patients. The
distribution of prostate tumors presents multifocal incidence,
and a variety of primary prostate cancers with different genomes
and phenotypes may occur in the same patient, which brings
difficulties in the diagnosis and treatment of prostate cancer (36,
37). In this study, the specimens of each enrolled patient were
evaluated by professional pathologists for their classification,
location and tumor load. In the biopsy tissue, the pathology
report details the grade of tumor and the percentage of cancerous
tissue at each needle. In the specimens after radical prostate
cancer surgery, we selected the tumor tissues with the highest
pathological GS grade for detection of CRMP4 methylation. Due
to the multifocal nature of prostate cancer, we detected CRMP4
methylation in different parts of tumor tissues, and the results
showed that there was no difference in the value of CRMP4
methylation in different parts of tumor in the same patient. By
comparing the data of 61 patients upgraded to GS≥8, we found
no significant difference in the methylation value of CRMP4
between the biopsy specimens and the postoperative specimens
(mean 24.39% vs 24.79%, P=0.108). Our results showed that the
methylation of CRMP4 was relatively stable in the same prostate
cancer patient. Pathologists diagnose prostate cancer mainly by
evaluating the epigenetics of the pathological biopsy section.
However, this method has many affected factors, such as the
limitations of biopsy, pathologist subjectivity, and the objectivity
of prostate cancer pathology characteristics. Thus, many prostate
cancer patients have a Gleason score upgrade after radical
prostatectomy, which predicts a poor postoperative prognosis
(38). In this study, we reported the methylation of CRMP4
predicts prostate cancer’s upgrading and predicts prostate
cancer prognosis. However, pathological review in patients
Frontiers in Oncology | www.frontiersin.org 8
with low-grade cancer is mandatory to identify intraductal
cancer, perineural invasion or other features that should be
considered for adverse prognosis. (39) Overall, the methylation
of CRMP4 is more reliable than GS in the diagnosis, treatment
and prognosis of prostate cancer.
5 LIMITATIONS

This study mainly assessed the predictive value of CRMP4
methylation in predicting GS upgrade to ≥8, the limitations of
this study are mainly reflected in two aspects. First, patients
with low-risk prostate cancer diagnosed by biopsy are less likely
to be upgraded to high-risk after surgery. We retrospectively
collected multi-center data for 5 years. Among the 631 enrolled
patients, only 61 (9.6%) patients had GS upgrade to ≥8 after
surgery, the number of cases is relatively small, and we need to
conduct in-depth research in a larger sample size. Secondly, the
imaging data of all the enrolled patients were not obtained in
this study, and the biopsy tissue of the prostate system only
accounted for 0.01% of the total prostate volume. The obtained
tumor tissue is probably not the most typical tumor foci,
resulting in an underestimation of the biopsy GS score. With
the widespread development of multiparametric MRI (40), we
believe that MRI-guided targeted biopsy will certainly improve
the accuracy of GS scores. CRMP4 methylation reflects a stable
methylation frequency in tumor specimens. We believe that
CRMP4 methylation detection in tumor specimens obtained by
puncture can assist the existing technology to improve the
accuracy of prostate cancer diagnosis.
6 CONCLUSIONS

Low-risk PCa patients with a CRMP4 promoter methylation
rate > 18.00% based on preoperative biopsy were more likely to
undergo a GS upgrade to ≥8 based on postoperative pathologic
evaluation. The BCR-free survival, progression-free survival, and
CSS were worse in patients with CRMP4 methylation >18.0%
than in patients with CRMP4 methylation ≤18.0%.
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