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Purpose: To establish an individualized prostate biopsy model that reduces unnecessary
biopsy cores based on multiparameter MRI (mpMRI).

Materials and Methods: This retrospective, non-inferiority dual-center study
retrospectively included 609 patients from the Changhai Hospital from June 2017 to
November 2020 and 431 patients from the Fujian Union Hospital between 2014 and
2019. Clinical, radiological, and pathological data were analyzed. Data from the Changhai
Hospital were used for modeling by calculating the patients’ disease risk scores. Data
from the Fujian Union Hospital were used for external verification.

Results: Based on the data of 609 patients from the Changhai Hospital, we divided the
patients evenly into five layers according to the disease risk score. The area under the
receiver operating characteristic (ROC) curve (AUC) with 95% confidence intervals (CI)
was analyzed. Twelve-core systemic biopsy (12-SBx) was used as the reference
standard. The SBx cores from each layer were reduced to 9, 6, 5, 4, and 4. The data
of 279 patients with benign pathological results from the Fujian Union Hospital were
incorporated into the model. No patients were in the first layer. The accuracies of the
models for the other layers were 88, 96.43, 94.87, and 94.59%. The accuracy of each
layer would be increased to 96, 100, 100, and 97.30% if the diagnosis of non-clinically
significant prostate cancer was excluded.

Conclusions: In this study, we established an individualized biopsy model using data
from a dual center. The results showed great accuracy of the model, indicating its future
clinical application.
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INTRODUCTION

Prostate biopsy is the standard procedure for tissue
acquisition for pathological diagnosis. Since the 1980s, when
TRUS-guided 6-core systematic biopsy was proposed by
Hodge et al. (1), it was found to have a 33% misdiagnosis
rate for Pca (2). Thus, 8-, 10-, or 12-core and even saturation
biopsies are recommended to improve the detection rate,
even though they increase the risk of rectal bleeding, urinary
tract infection, erectile dysfunction, and other complications
(3, 4).

Since MRI-guided prostate biopsy was first performed by
D’Amico in 2000 (5), it has been proven to detect more csPCa
with fewer biopsy cores than system biopsy by high-quality
research (6). It is still unclear how to decrease the number of
cores under the condition that more csPCa is diagnosed (7, 8).
Because mpMRI inter-reader reproducibility remains
moderate at best (9, 10), the accuracy and reproducibility of
targeted biopsy still need to be improved (11), and the optimal
core number and site for MRI-targeted biopsy have not been
clearly elucidated (12). Furthermore, the NVP of MRI-guided
prostate biopsy is unstable (13). Thus, the EAU Guidelines
recommend combining targeted and systematic biopsy in
patients who are naïve in biopsy when mpMRI is positive
(i.e., PI-RADS ≥3) (14), which will increase the risk of
complications (15).

Based on the existence of many unstable factors in MRI-
guided prostate biopsy, an alternative approach is to reduce the
number of cores on systemic biopsy. Current research has
focused on specific factors, such as prostate volume or PSA
level, to reduce the cores of systematic biopsy (16), or analyzed
different hypothetical sampling schemes when compared with
targeted biopsy plus 12-SBx (17). Fewer studies have reported the
reduction of cores after individualization of patients according to
the location of suspicious lesions on MRI, and a variety of factors
are not yet sufficient.

Therefore, we performed a dual-center, non-inferiority study
to establish an individualized predictive model to optimize
prostate biopsy. The model can plan the biopsy location by
reducing the cores after comprehensively incorporating the
basic information, tumor indicators, mpMRI, and other
related patient factors. We circumvented the deficiencies of
similar research, and for the first time combined multiple
factors into one completed individualized analysis of basic
patient information. On the other hand, we made a website
for model use, which is convenient for clinics. At the same time,
this website can input information about the nodule position of
the patient, which completes the individualized analysis of
mpMRI information.
Abbreviations: TPSA, total prostate-specific antigen; 12-SBx,12-core systematic
biopsy; TBx, targeted biopsy; csPCa, clinically significant prostate cancer; mpMRI,
multiparametric magnetic resonance imaging; TRUS, transrectal ultrasound
guided; AUC, Area Under the ROC Curve; BMI, Body Mass Index; PCa,
Prostate Cancer; PSA, Prostate Specific Antigen; DRS, Disease Risk Score; CI,
confidence intervals; NPV, negative prediction value.
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MATERIALS AND METHODS

Participants
This study retrospectively analyzed patients who underwent 12-
core (or 13-core) transrectal US-guided prostate biopsy for
suspected PCa with a PI-RADS score ≥3 at the Changhai
Hospital and the Fujian Union Hospital. Diagram for inclusion
of patients in the study are shown in Figure 1.

The inclusion criteria were: (1) indications for biopsy and
(2) abnormal nodules revealed on mpMRI (PI-RADS score ≥3).

The exclusion criteria were: (1) previous biopsy; (2) inability
to complete the standard 12-core system biopsy; (3) cases with
antiandrogen therapy; (4) negative 12-core system biopsy and
positive MRI-guided prostate biopsy; and (5) incomplete or
obviously wrong data.

A total of 609 patients were enrolled in the Changhai Hospital
to establish the model and 279 patients with positive biopsy in
the Fujian Union Hospital were enrolled as an external
independent validation group.

Patients in the Changhai Hospital underwent 12-SBx (as
shown in Figure 2A), and some patients underwent MRI-
guided prostate biopsy. Patients in the Fujian Union Hospital
underwent 13-SBx (as shown in Figure 2B), and some patients
underwent MRI-guided prostate biopsy.
mpMRI and Scan Protocol
mpMRI examinations were performed using a 3.0-T system
(Magnetom Skyra, Siemens Medical Solutions, Erlangen,
Germany) with an 18-channel phased-array coil, before biopsy.
The sequences of examination mainly included T2-weighted
imaging (T2WI), diffusion-weighted imaging (DWI), and
dynamic contrast-enhanced imaging. Two radiologists with
>10 years of experience in MRI evaluated and scored the
images according to the Prostate Imaging Reporting and
Data System version 2 criteria (18). Next, three diameters
of the prostate and the smallest diameter of the suspicious
lesion were measured and calculated using mpMRI on the
T2WI sequence.
Prostate Biopsy Method
The entire prostate biopsy processes were completed by a surgeon
with more than five years of experience. Preoperative routine
examinations included routine blood tests, coagulation function,
liver and kidney function, urine routine, fecal routine, and serum
PSA concentration. If patients used aspirin, warfarin, and other
anticoagulants, they were requested to stop using the drugs for 2
weeks. A cleansing enema was also performed on patients in the
lithotomy position, and the perineum and perianal region were
disinfected with 0.5% iodophor. A novel perineal nerve block
approach (19) was adopted with 5% lidocaine.

An ultrasound probe was inserted through the anus to measure
the three diameters of the prostate followed by a 12-needle system
biopsy. A biopsy point distribution diagram for the two centers is
shown in Figure 2. Patients in the Changhai Hospital underwent
12-SBx (as shown in Figure 2A), and some patients underwent
February 2022 | Volume 11 | Article 831603
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MRI-guided prostate biopsy. Patients in the Fujian Union
Hospital underwent 13-SBx (as shown in Figure 2B), and some
patients underwent MRI-guided prostate biopsy.

After the biopsy, for bleeding patients, an iodophor gauze was
placed around the perineum. The tissues were fixed in 10% formalin.
Frontiers in Oncology | www.frontiersin.org 3
The Simulated Process of Reducing the
Number of Cores
Two clinicians (Doctors A and B) with >5 years of experience in
mpMRI complete the simulated process of reducing the number of
cores. Doctor A knew the pathological results of each patient (accurate
FIGURE 1 | Diagram for inclusion of patients in the study.
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to the pathology of each core), and Doctor B knew the mpMRI
data of each patient, and the biopsy point distribution diagram.

Doctor B judged the location of the most suspicious lesion
based on the mpMRI based on the distance between the center of
the lesion location and each systemic biopsy core. When one core
was taken, the closest core to the lesion was recorded; when two
cores were taken, the two cores closest to the lesion were
recorded; this simulated process was restored to 12 cores. For
example, if the lesion was located in the right peripheral zone of
the base zone (as shown in Figure 3), the simulated system
biopsy process was restored 12 times (Figure 4).

Doctor B did not know the pathological results of each
simulated system biopsy process; if there were two or more
suspicious lesions, Doctor B independently determined the
location of the most suspicious lesions based on clinical
experience, and Doctor A recorded the negative or positive
result of simulated biopsy under different numbers of
biopsy cores.
Frontiers in Oncology | www.frontiersin.org 4
Statistical Analysis
Measurement data were tested whether they followed normal
distribution. Measurement data with normal distribution and
equal variance was described by mean ± standard deviation (SD),
and independent samples t-test was used for comparison
between two independent samples; measurement data with
non-normal distribution or unequal variance was described by
Median (Q1–Q3), and Mann–Whitney test was used. The
categorical data was described by n (%), and Pearson chi-
square test or Fisher’s exact test was used to test the difference
between the two groups.

We used a Disease Risk Score (DRS) to measure the risk of
prostate cancer for each participation. DRS is a comprehensive
index based on all covariates, which is defined as the probability
of occurrence of final events under the condition of certain
covariates in the model. Logistic regression was used to
calculate the DRS. Then the participation were equally divided
into 5 layers according to the percentiles of their DRS, that is,
FIGURE 3 | (A) T2-weighted imaging (T2WI); (B) diffusion-weighted imaging (DWI).
A B

FIGURE 2 | Biopsy point distribution diagram for the two centers (A) 12-core, Changhai Hospital; (B) 13-core, Fujian Union Hospital).
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Min–P20, P20–P40, P40–P60, P60–P80, and P80–Max.
[Distribution range of Disease Risk Score (DRS) is shown in
the Supplementary Table 14].

We calculated the detection rate of prostate cancer in different
layers. Moreover, the sensitivity, negative prediction value,
accuracy and area under the ROC curve (AUC) with 95%CI
were analyzed, and the values were compared with those of the
12-core systematic biopsy results to get the most suitable number
of biopsy cores for each layer(the lower boundary of the two-
sided 95%CI ≥95%). McNemar’s test was used to compare the
detection rate between 12-core systematic biopsy and 1-core to
11-core method.

We validate the constructed DRS layers and their most
suitable number of biopsy cores with external data. We used
the disease risk score model of Changhai Hospital to calculate the
DRS of patients with positive prostate puncture in the Fujian
Union Hospital, then, stratified the patients into 5 layers
according to the stratification method of Changhai Hospital.
The detection rate of prostate cancer of the patients and its 95%
CI in each layer was calculated.

After validation, we also developed a web-based visualization
tool for clinical application (website: https://daringsky.
shinyapps.io/prediction_v2/).

Statistical significance was defined as two-sided p-value of <0.05.
Statistical analyses were performed using SPSS v24.0 (SPSS Inc.,
Chicago, IL, USA).
Frontiers in Oncology | www.frontiersin.org 5
RESULTS

Predictive Model Using the Disease
Risk Score Based on Data From
the Changhai Cohort
Patients’ Baseline Characteristics
There was no significant statistical difference in the BMI of the
patients (p = 0.482) and longest diameter of lesions (p = 0.138),
while patients with PCa were older, had higher PSA, larger
prostate volume, and higher PI-RADS scores (all p <0.05) (as
shown in Table 1).

Divide the Patient Evenly Into 5 Layers by DRS
The formula for calculating the disease risk score by the model is
as follows:

DRS =
1

e−(−5:57+0:062X1+0:055X2+0:015X3−0:531X4−0:171X5−0:374X6−0:301X7+1:680X8)

X1 = AGE (year), X2 = BMI (kg/m²), X3 = TPSA (ng/ml), X4 =
transverse diameter (cm), X5 = anteroposterior diameter (cm),
X6 = cephalocaudal diameter (cm), X7 = Lesion’s longest
diameter (cm), X8 = PI-RADS v2 score(number).

We included the following seven factors (X1-X7) because we
conducted the paired chi-square test on these factors and found
that these seven factors were meaningful to our study. The results
FIGURE 4 | Biopsy point distribution diagram for the 1-core to 12-core methods.
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are shown in the supplementary table (Supplementary Tables
6–13). Then the participation were equally divided into 5 layers
according to the percentiles of their DRS, that is, Min–P20, P20–
P40, P40–P60, P60–P80, and P80–Max.

Simulation and Model Establishment
The pathologic outcomes according to different sampling scheme
from 1 core to 12 cores, sensitivities, NPV, accuracy and AUC
with 95%CI are shown in Table 2 (We only display the statistical
results of the first layer, and the statistical results of the
remaining 4 layers are displayed in the Supplement Tables
1–4). We analyzed AUC, when the lower boundary of the two-
sided 95%CI was ≥95%, the number of cores is the most suitable.
According to this standard, we chose 9 cores for layer 1, 6 cores
for layer 2, 5 cores for layer 3, 4 cores for layer 4, and 4 cores for
layer 5.At the same time, these selected number of cores also
Frontiers in Oncology | www.frontiersin.org 6
show a very high accuracy (layer 1: 99.18%; layer 2: 97.52%; layer
3: 97.56%; layer 4: 97.52%; layer 5: 95.90%). In addition, the first
level missed 3 patients (3 csPCa), the second level missed 3
patients (3 csPCa), the third level missed 3 patients (2 csPCa), the
fourth level missed 3 patients (3 csPCa), the fifth level missed 5
patients (5 csPCa). The data did not change significantly after
including the concept of clinically significant prostate cancer.

Verification of the Model Using Data From
the Fujian Union Hospital Cohort
A total of 279 patients with positive pathological results from the
Fujian Union were included and stratified according to the
method established by the Changhai cohort. Based on this
principle, re-simulation was carried out for core reduction in
patients in the Fujian Union cohort (Table 3). No patients were
in the first layer. In the other layers, except for the second layer
TABLE 2 | Detection rate of prostate cancer by different biopsy sampling schemes compared with that of 12-core systematic biopsy as the reference standard in layer 1.

The number of layers CORE 12SBx (POSITIVE) P (McNemar’s test) Sensitivity (%) NPV (%) Accuracy (%) AUC (95% CI) P (AUC)

1 1 POSITIVE 17 0 48.57 82.86 85.25 0.743 (0.631–0.855) <0.001
NEGATIVE 18

2 POSITIVE 25 0 71.43 89.69 91.80 0.857 (0.765–0.95) <0.001
NEGATIVE 10

3 POSITIVE NA NA NA NA NA NA NA
NEGATIVE NA

4 POSITIVE 27 0 77.14 91.58 93.44 0.886 (0.801–0.970) <0.001
NEGATIVE 8

5 POSITIVE 28 0.008 80.00 92.55 94.26 0.900 (0.820–0.980) <0.001
NEGATIVE 7

6 POSITIVE 30 0.063 85.71 94.57 95.90 0.929 (0.860–0.998) <0.001
NEGATIVE 5

7 POSITIVE 31 0.125 88.57 95.60 96.72 0.943 (0.880–1.000) <0.001
NEGATIVE 4

8 POSITIVE NA NA NA NA NA NA NA
NEGATIVE NA

9 POSITIVE 34 1 97.14 98.86 99.18 0.986 (0.954–1.000) <0.001
NEGATIVE 1

10 POSITIVE 35 1 100 100 100 1.000 (1.000–1.000) <0.001
NEGATIVE 0

11 POSITIVE 35 1 100 100 100 1.000 (1.000–1.000) <0.001
NEGATIVE 0
February 202
2 | Volume 11 | Articl
NA, NO ANSWER.
TABLE 1 | Characteristics of patients in Changhai Hospital.

total Biopsy positive group Biopsy negative group P

N 609 454 155
age, year 68.32 ± 8.01 69.09 ± 8.06 66.07 ± 7.45 <0.01
BMI, kg/m² 24.22 (22.49–26.14) 24.22 (22.49–26.30) 24.24 (22.49–25.86) 0.482
TPSA, ng/ml 10.8 (87.36–17.45) 10.85 (7.26–17.19) 9.4 (6.22–14.04) <0.001
transverse diameter, cm 4.9 (4.5–5.3) 4.8 (4.4–5.2) 5.2 (4.8–5.7) <0.001
anteroposterior diameter, cm 3.4 (2.9–4.0) 3.3 (2.9–3.8) 3.9 (3.3–4.5) <0.001
cephalocaudal diameter, cm 4.0 (3.5–4.7) 3.9 (3.4–4.425) 4.5 (3.8–5.2) <0.001
Lesion’s longest diameter, cm 1.5 (1–2) 1.5 (1–2) 1.44 (1–1.97) 0.138
PI-RADS v2 score,
number (percent)
3 197 (32.35) 86 (18.94) 111 (71.61)
4 241 (39.57) 204 (44.93) 37 (23.87) <0.001
5 171 (27.97) 164 (36.12) 7 (4.52)
e
 831603

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Individualized Prostate Biopsy Model
(88%), the accuracy rate were very considerable (The second-
layer patients have a lower disease risk score than the other 3
layers, indicating that these patients have a relatively low risk of
disease. More cores were needed to be taken for such patients, so
the core reduction showed a relatively low accuracy, but the value
of 88% we think is also ideal). However, the accuracy of each
layer would be greatly improved, especially the third and fourth
and even reaching 100%, when ignoring the non-clinically
significant PCa.
Establishment of the Website for
Clinical Application
As shown in Figure 5, the biopsy point distribution diagram of
Changhai Hospital was adopted, and the relevant data of patients
with PI-RADS score 3 and above reported by mpMRI was
entered into the website. Among these, the lesion location
Frontiers in Oncology | www.frontiersin.org 7
website adopts the prostate division method used in PI-
RADSV2.0 (18) and V2.1. The operator judges the possible
positions of the lesion based on mpMRI. The position of the
nodule location is divided into three areas: in the prostate BAES/
MID/APEX, on the left or right side of the prostate, and the
cross-sectional area of the prostate (divided according to PI-
RADS V2.1). The website then outputs the DRS of the patient
and the optimal number of cores, and our recommended biopsy
point distribution diagram (The logic of website creation
appendix in Supplementary Table 5).
DISCUSSION

The PRECISION study (6) showed that MRI-targeted biopsy
could be minimally invasive, have few side effects, identify a high
TABLE 3 | Analysis of External Validation Data of Fujian Union Hospital.

The number of layer Core number Total number Number of positives after core reduction Accuracy (ISUP ≥1) Accuracy (ISUP ≥2)

2 6 25 22 88% 96.00%
3 5 28 27 96.43% 100%
4 4 78 74 94.87% 100%
5 4 148 140 94.59% 97.30%
February 2022 | Volum
FIGURE 5 | Website application display example.
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proportion of men who would benefit from treatment, and
minimize the identification of men with clinically insignificant
cancer in order to prevent overtreatment. The MRI-FIRST study
(20) also pointed out that there is no significant difference
between simple MRI-targeted biopsy and simple systematic
biopsy for the detection of clinically significant prostate cancer
(32.3% vs. 29.9%, p = 0.38); however, if the two methods are
combined, the positive rate of clinically significant prostate
cancer can reach 66%. In another multicenter prospective
study 4M (21), the diagnostic efficacy of simple MRI-targeted
biopsy and simple systematic biopsy for clinically significant
prostate cancer was also compared; there was no significant
difference between the two (23% vs. 25%, p = 0.17). However,
systematic puncture can increase the positive rate of clinically
insignificant prostate cancer (25% vs. 14%, p <0.0001).

Over the past few years many new technologies have become
available for the management of Pca (22), but research on
whether MRI-targeted biopsy can replace systematic biopsy has
plateaued. Therefore, many compromised core reduction
methods have also been studied and compared with similar
studies; our research has two major advantages.

First, our research included as much mpMRI data as possible.
In a recent Cochrane meta-analysis (23), mpMRI had a pooled
sensitivity of 0.91 (95%CI: 0.83–0.95) and a pooled specificity of
0.37 (95%CI: 0.29–0.46) for ISUP grade >2 cancers. Several
studies found that the PI-RADS score was a significant
independent predictor of csPCa at biopsy (24, 25). In studies
such as that of Hu et al. (16), this type of research did not include
mpMRI data and only included tumor-related factors, and found
that for patients with a PSA concentration of 20 ng/ml or higher,
a 6-core systematic biopsy is preferred. However, we obtained
fewer biopsy cores (5 cores and 4 cores) under stricter statistical
conditions; therefore, we included the mpMRI data, especially the
PI-RADS score, which is an important factor for core reduction.
We included not only the scores for the lesions (PI-RADS score),
but also the location of the lesions reported by mpMRI, which is a
very important reason for the reduction in the number of cores.

Second, our research is the first to use modeling methods to
combine basic patient information such as age, BMI, PSA, and
indicators involved in mpMRI (transverse diameter,
anteroposterior diameter, cephalocaudal diameter, lesion
longest diameter, and PI-RADS v2 score). In a study by Shen
(17), the biopsy point distribution diagram can be reduced to
TBx + lateral 6-SBx based on TBx + 12-SBx, which means that
the systematic biopsy core number can be reduced to 6 based on
12. The results of this study were also not satisfactory for the
reduction of the core number (6 cores vs. 5/4 cores) because it
did not achieve individualization; it did not include the age, PSA,
BMI of the patient and other factors, or did not integrate these
factors for individualized analysis. Age (26), BMI (27), PSA (28),
three diameters of prostate, etc., have been confirmed as having a
strong correlation factor with prostate cancer, and have their
own significance in the impact on core number. However, if
analyzed separately, they will often produce the opposite result.
For example, if a patient has a higher PSA indicator (indicating
Frontiers in Oncology | www.frontiersin.org 8
fewer cores) but a smaller cancer lesion (indicating more
puncture needles). However, studies that comprehensively
consider these indicators are still insufficient.

This study is the first to introduce the concept of DRS value
into model establishment for the comprehensive treatment of
patients with a relatively comprehensive stratification of various
factors. Through this processing method, more factors are
integrated, and the layered processing makes the core number
reduction more gradual, making it possible to reduce more
biopsy cores, enabling us to achieve individualization in the
true sense for the first time. Moreover, our study is also the first
to consider the position of the lesion and perform personalized
core reduction for each patient based on the position of the lesion
through the website.

We successfully established an individualized model and
established a website. Using this model, patients were equally
divided into five layers. To ensure the detection rate, the number
of cores can be reduced to less than 6 cores for more than half of
the patients with lesions (PI-RADS ≥3 points). The website can
directly provide the recommended number of systematic biopsy
cores and recommended biopsy point distribution diagram,
which is convenient for the promotion of the model among
multiple centers and the development of follow-up prospective
studies. After the patient is admitted to the hospital, the clinician
will need to input patient information into the website, and then,
with the assistance of the imaging doctor or the clinician’s own
judgment of mpMRI, select the location of the lesion; the
recommended core numbers and biopsy point distribution
diagram will then be obtained. The surgeon can choose to use
or not to use targeted biopsy according to the situation of the
center and the patient.

This study has some limitations: First, the small sample size
resulted in too few patients included in the first two layers in the
external verification, which has a great impact on the result.
Similarly, the inclusion of fewer patients in the first and second
layers and more patients in the last three layers in the external
verification reflects the imbalance of regional medical standards
when China conducts multi-center research; screening levels in
Shanghai and other regions are much higher than those in other
regions (29), screening for prostate cancer remains inadequate in
other regions. Second, the simulated process of reducing the
number of cores is a human operation, and there is the influence
of human subjective bias leading to instability of the model.
Finally, this study adopts the method of grouping by DRS,
resulting in a large difference in the number of pathologically
negative and pathologically positive patients in each layer,
especially the fifth layer. The statistical test efficiency will be
affected by this, which requires us to perform follow-up
prospective randomized research.

In conclusion, we are the first to propose a practical and
feasible model of core reduction that considers the individual
factors of each patient. Through the establishment of the website,
the clinical application of the model becomes possible. For
patients with suspicious lesions reported by mpMRI, we
successfully reduced the number of cores to a minimum of 4.
February 2022 | Volume 11 | Article 831603
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