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Objective: To develop an application dynamically monitoring the prostate cancer (PCa) risk
for patients to assess their own progression of PCa risk at home.

Methods: Between January 2010 and December 2019, all of the 1697 patients underwent
transrectal ultrasound prostate biopsy at the cancer center, which is one of the Chinese
Prostate Cancer Consortium. Patients’ clinical parameters from January 2010 to May 2018
were used to establish models that consisted of several risk factors with P value <0.1 in
univariate analysis and with P value <0.05 in multivariate analysis (n=1113), including
model 1 (predicting PCa), model 2 (predicting PCa with high Gleason scores (7 or higher))
and model 3 (predicting PCa with the high clinical stage (T2b or higher)). Other patients
from June 2018 to December 2019 were used to validate models (n=440). Patients with
a lack of sufficient data were eventually excluded (n=144).

Results: A total of 1553 patients were involved in this study, and an application was used to
perform the models. The predictive cut-off value and area under the curves (AUCs) of model
1, 2 and 3 were, respectively, calculated (cut-off: 0.53, 0.38 and 0.40, AUCs: 0.88, 0.89 and
0.89). Using a cut-off value of 10%, three models obtained a high sensitivity (>95%).
Besides, more patients can be correctly reclassified via our models (42.9 to 55.5%).
Decision curve analyses revealed a decent net benefit in any probability for models. These
results were well verified in the validation cohort.

Conclusion: This application showed decent performance in predicting the risk of PCa and
clinicopathology, which was available and convenient for patients to self-assess the progress
of PCa risks so that being better to participate in disease management.

Keywords: carly detection of cancer, mobile applications, prostate cancer

Introduction
Prostate cancer (PCa) has attracted more and more attention due to its increasing
morbidity and mortality." The consensus from urologists on the high-risk PCa
declared that detection, intervention and treatment should be conducted as early
as possible.> At present, for the men at the risk of PCa, total prostate-specific
antigen (TPSA), free-PSA (FPSA), PSA density (PSAD) and magnetic resonance
imaging (MRI) are the main predictive indicators. Although these indicators could
enhance the positive rate and reduce the mortality in predicting prostate cancer, it
also brought several questions including over-treatment and over-diagnosis.’

D’ Amico et al had put forward the classification of PCa risk.* Based on the level
of PSA in the serum, pathology (Gleason score) and the clinical stage, patients with
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PCa were positioned at three levels, including low-risk
PCa (L-PCa), intermediate-risk PCa (I-PCa) and high-
risk PCa (H-PCa). With the associated studies increasing,
more evidence has shown that patients with L-PCa became
clinically relevant events within 8 years when he left
untreated, around accounting for 1%.> Meanwhile, patients
will receive great benefit from the active surveillance and
the risk of recurrence is less than 25% at 5 years post-
treatment. Of course, patients’ wishes must also be valued
at the same time. Therefore, the performance of screening
measure not only can correctly forecast PCa but also can
accurately identify the L-PCa from the crowd of PCa,
which can reduce the over-treatment for the men with
L-PCa.®’

For patients with suspected PCa or low-risk PCa,
active surveillance is very necessary. Active surveillance
keeps track of the disease’s progress. Medical intervention
can be taken in a timely manner when necessary.
Therefore, active surveillance methods should be accurate
and convenient, so that patients can easily participate in
their own disease management. In this study, we devel-
oped some models that can predict PCa and clinicopathol-
ogy risk. We used the software to allow the integration of
data collection into an application (APP). Patients only
need to input the test results into the APP to get the
recommended results, which is convenient for the elderly
to use.

Patients and Methods

Patient

Patients who underwent the transrectal ultrasound (TURS)
guided 12+X-core prostate biopsy due to the abnormal
results on the PSA, MRI or digital rectal examination
(DRE) were retrospectively  collected  between
January 2010 and December 2019 (n=1697). All patients
were Chinese and had total PSA (TPSA) and free PSA
(FPSA) assessment before digital rectal examination
(DRE). Besides, DRE, prostate volume, weight, height
and multi-parametric MRI (MP-MRI) were all collected
as well. The clinical stage was evaluated by the eighth
edition of the Tumor-Node-Metastasis (TNM) staging
classification for PCa.® After screening, 144 cases were
eventually excluded due to the lack of sufficient data in
these cases, the indicators and the corresponding number
were shown as follows: MP-MRI (n=101), free-PSA
(n=22), height (n=12) and the vague pathology (n=9). At
last, a total of 1553 patients were involved and evaluated

in the study. The Ethics Committees regarding Human
Research approved this study with an approved number
of PJ-20,201,718. All experiments were conducted accord-
ing to the relevant guidelines and regulations.

Study Design

The patients were collected between January 2010 and
May 2018, in which the data of patients were used to
establish the model. The rest of the patients from
June 2018 to December 2019 entered into the validation
cohort. This research was aimed at three purposes.
Objective [ (predicting PCa), all patients were allocated
to two groups based on the outcomes of pathology includ-
ing benign findings (no prostate cancer) and PCa. In this
part, we aimed at finding the independent significant risks
(ISRs) of predicting PCa, and these ISRs were used to
establish model 1 to forecast the probabilities of suffering
from PCa. Objective II (predicting high-grade PCa (HG-
PCa)), according to the Gleason score (GS), patients with
HG-PCa (GS>7) and patients with non-HG-PCa (benign
findings or low-grade PCa (GS=<6)) were involved in this
part. In the same way, the ISRs of predicting HG-PCa
were founded and utilized to develop model 2 to diagnose
the HG-PCa. Objective III (predicting PCa with high clin-
ical stage, HCS-PCa), each patient was evaluated by TNM
staging classification. The clinical stage with T2b or
higher was regarded as HCS-PCa, and benign finding
and low clinical stage (T2a or lower) were regarded as
non-HCS-PCa. Similarly, the ISRs also were ascertained
in this part and were employed to structure model 3 to
forecast the HCS-PCa.

Date Collection and Statistical Analysis
Weight, height, BMI, TPSA, FPSA, F/TPSA (FPSA/
TPSA), PSAD, prostate index (prostate weight/body
weight), prostate weight (0.546*length*width*height of
the prostate), prostate volume (0.52*length*width*height
of the prostate) and MRI outcomes were involved in this
study. Herein, the length, width and height of the prostate
were measured by MRI. The predictive performance of
MRI was quantified by prostate imaging reporting and data
system version 2 (PI-RADS V2)

Univariate regression and multivariate stepwise regres-
sion analysis were performed to select the ISRs that were
used to develop the models. The ISRs with P<0.10 in
univariate regression entered into the analysis of multi-
variate logistic regression, and the ISRs with P<0.05 in
multivariate regression were implemented to establish the
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Table | Patient Characteristics and Biopsy Findings of All
Total Normal PCa Grouping
N=1553 N=814
Total HG-PCa | HCS-PCa | Training Cohort | Validation Cohort P value
N=739 N=586 N=533 N=1113 N=440
Mean (SD)
Age 68.94 67.24 70.82 70.94 70.88 69.33 67.97 0.003
(8.15) (7.99) (791) (7.78) 7.9) (8.27) (7.76)
Weight 65.03 66.05 63.91 63.59 63.97 66.24 64.98 0.001
(13.95) (12.52) (1531) | (14.89) (14.66) (11.26) (13.83)
Height 168.87 169.11 168.61 168.48 168.68 168.53 168.43 0.011
(5.32) (5.37) (526) | (5.32) (5.34) (5.12) (5.35)
BMI 22.62 22.94 22.29 22.26 22.43 23.21 22.45 0.063
(5.17) (4.54) (573) | (5.54) (5.43) (3.70) (4.33)
PSA 29.85 17.16 43.82 49.06 51.26 30.59 27.97 0.126
(30.83) (17.57) (35.87) | (36.65) (36.41) (31.04) (30.25)
FPSA 6.32 3.12 9.84 11.25 11.68 6.59 5.64 <0.001
(11.33) (5.86) (14.44) | (1531) (15.47) (11.48) (10.92)
F/TPSA 0.17 0.16 0.18 0.18 0.18 0.17 0.16 0.023
©.11) (0.09) ©.14) | (0.14) (0.14) (0.12) ©.1)
Prostate volume 57.11 62.73 50.92 50.99 51.44 55.4 61.45 0.056
(37.41) (37.56) 3627) | (37.17) (38.02) (35.94) (40.59)
Prostate index 091 0.99 0.8l 0.82 0.82 0.88 0.97 0.053
0.61) 0.61) (0.6) (0.63) (0.64) (0.59) (0.65)
Number (%)
DRE
Normal 839 496 343 260 199 634 205 <0.001
(54) (1) (46) (44) (37) (57) (47)
Abnormal 512 171 341 276 285 345 167 0.010
(33) 1) (46) (47) (53) @31 (38)
Unclear 202 147 55 50 49 134 68 0.071
(13) (18) ®) ) (10) (12) (1)
PI-RADS V2
1-2 264 230 (27) 34 14 10 209 55 (13) <0.001
(17) ©) ) @ (19)
3 588 403 185 117 102 343 245 (55) <0.001
(38) (50) (25) (20) (19) @310
4 427 159 (20) 268 223 203 331 96 (22) 0.002
(27) (36) (38) (38) (30)
5 274 22 252 232 218 230 44 (10) <0.001
(18) 3 (34) (40) CD) (20)
(Continued)
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Table | (Continued).

Total Normal PCa Grouping
N=1553 | N=814 . .
Total HG-PCa | HCS-PCa | Training Cohort | Validation Cohort | P value
N=739 | N=586 N=533 N=1113 N=440
Total 12.08 12.31 11.84 11.70 11.69 12.15 11.93 0.96
cores, (n) (1.34) (0.89) (1.67) (1.83) (1.82) (1.18) (1.68)
Positive cores, (n) | 3.09 - 6.43 7.32 8.10 325 2.66 0.033
(4.12) (3.73) (3.51) (2.92) (4.22) (3.82)

Abbreviations: Pca, prostate cancer; HG-PCa, PCa with high Gleason score; HCS-PCa, PCa with high clinical stage; SD, standard deviation; T(F)PSA, total (free) prostate-
specific antigen; BMI, body mass index; DRE, digital rectal examination; PI-RADS V2, prostate imaging reporting and data system version 2.

models. The principle of establishing model was described
as follows: In (P/(1-P))=aX;+bX,tcX;+dX4+eXs+f where
a, b, ¢, d, e and f are the coefficient obtained from the
logistic regression analysis and variable from X; to X5 all
originated from ISRs and the probability of investigated
outcomes (such as Pca, HG-PCa or HCS-PCa) was
recorded as P. In order to know the probability of the
investigated outcomes, the original formula is re-written
as  P=eXITDX2ZIOX3HAXAIEXS ) | | aXITbX2IeX31dXA1eXS 1)
where e is the natural constant in the exponential
function.” The optimal thresholds that distinguish the posi-
tive outcome and negative outcome was the value that can
obtain the maximum sum of sensitivity and specificity.
An application was made by transferring this model to
software called Microsoft Visual C# 2010. The application
was called prostate cancer (PCa) and clinicopathology risk

calculator (PCCRC), which was employed to predict the
probability of suffering from PCa, HG-PCa and HCS-PCa
by entering the value of indicators. Overall accuracy,
receiver operating curves (ROC), Cox & Snell R Square
and Nagelkerke R Square were utilized to assess the pre-
dictive accuracy. Decision curve analysis (DCA) was
applied to identify the clinical net benefit stemmed from
the employ of the model. Net reclassification index (NRI)
was utilized to reveal the ability of correctly reclassifying
the patients, and it was tested by Z Test. The extent of
overestimation or underestimation of models was evalu-
ated by calibration curves. Hosmer-Lemeshow goodness-
of-fit test was applied to show the goodness of fit.
Meanwhile, using the calibration with 400 bootstrap sam-
ples was a suitable way to minimize the over-fit bias. The
statistical analysis was performed with SPSS version 23.0

Table 2 The Indicators Were Selected by Univariate Logistic Regression (ULR) and Multivariate Logistic Regression (MLR) to Predict

PCa, HG-PCa and HCS-PCa

PCa HG-PCa HCS-PCa

ULR MLR ULR MLR ULR MLR

OR P value OR P value OR P value OR P value | OR P value OR P value
Age 1.06 | <0.001 1.08 | <0.001 1.05 | <0.001 1.07 <0.001 1.05 | <0.001 1.06 <0.001
Weight 0.99 | 0.043 1.00 | 0.977 0.99 | 0.009 1.04 0.369 1.00 | 0.375 - -
Height 098 | 0.119 - - 0.98 | 0.052 1.00 0.94 0.99 | 0.363 - -
BMI 098 | 0.122 - - 0.97 | 0.037 0.73 0.456 0.99 | 0.497 - -
TPSA 1.04 | <0.001 1.05 | <0.001 1.04 | <0.001 1.03 <0.001 1.04 | <0.001 1.04 <0.001
FPSA 1.09 | <0.001 0.94 | <0.00l 1.06 | <0.001 0.97 0.204 1.06 | <0.001 0.98 0.231
F/TPSA 281 0.021 0.14 | 0.104 2.54 | 0.071 0.053 | <0.00l .66 | 0.033 0.064 | <0.00I
PSAD 522 | <0.00I 1.31 0.328 4.65 | <0.001 1.38 0.189 421 <0.001 1.27 0.284
Prostate volume | 0.99 | <0.001 0.99 | <0.00l 0.99 | <0.00l 0.99 <0.001 0.99 | 0.0l 0.97 0.002
Prostate index 0.58 | <0.001 1.54 | 0.666 0.74 | 0.009 3.24 0.272 0.77 | 0.03 5.94 0.085
PI-RADS 4.19 | <0.001 3.09 | <0.001 432 | <0.001 3.58 <0.001 4.06 | <0.001 3.29 <0.001

Abbreviations: Pca, prostate cancer; HG-PCa, PCa with high Gleason score; HCS-PCa, PCa with high clinical stage; ULR, univariate logistic regression; MLR, multivariate
logistic regression; OR, odds ratio; T(F)PSA, total (free) prostate-specific antigen; BMI, body mass index; PSAD, PSA density; PI-RADS, prostate imaging reporting and data

system version.
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and R package version 3.0. (https://www.r-project.org). If

the P value is less than 0.05, it can be considered statisti-
cally significant.

Result

Characteristics and Biopsy Outcomes
Overall, there were 1697 collected cases, including 858
patients with benign findings and 839 patients with PCa.
After filtering, only 1553 patients involved in this
research, of which 440 patients entered the validation
cohort and 1113 patients were drawn into the training
cohort. For PCa patients, based on the GS and clinical
stage, we, respectively, divided these patients into a group
with high GS (GS>6, n=586) and a group with a high
clinical stage (>T2a, n=533). The number of biopsy cores
was 12.08 £ 1.34, and the positive cores were 3.09 = 4.12.
In addition, the different risk factors associated with PCa
are exhibited in Table 1.

Models and Application

As shown in Table 1, the risks of age, TPSA, FPSA, PI-
RADS and prostate volume (PV) were the independent
risk factors for PCa, which were used to develop model
1. The independent risk factors for HG-PCa and HCS-PCa
were age, TPSA, F/TPSA, PI-RADS and PV, which were
employed to construct model 2 and model 3, Table 2. The
equation coefficients of these factors were calculated by
regression analysis. The probability of PCa, HG-PCa and
HCS-PCa that was calculated by combining the value of

risk factors with each coefficient, such as P=e?X!™0X2*eX3

+dX4+eX5+f/( 1 +eaXl+bX2+CX3+dX4+eX5+f)’ These three models
were established (Supplement Table 1), and we transferred
these models to software called Microsoft Visual C# 2010,

which was called prostate cancer (PCa) and clinicopathol-

ogy risk calculator (PCCRC). Users, including doctors and
patients, only need to enter the value of each risk indicator
into the calculator, and then they will obtain the

PROSTATE CANCER and CLINICOPATHOLOGY PROSTATE CANCER and CLINICOPATHOLOGY PROSTATE CANCER and CLINICOPATHOLOGY
RISK CALCULATOR (PCCRC) RISK CALCULATOR (PCCRC) RISK CALCULATOR (PCCRC)
Age [ Jyears Age 85 Jyears Age  I——
s s Joom Tesa —r—" TS —r—T
FPsA CJoom FPsa —— FpsA —r—
FTpsa FpsA FTpsa
Prostate volume | Prostate volume [ Prostate volume [ 7s  Jm
maasve [ 5] mmosve [ ] maasve [ 5]

Probability of Prostate Cancer: ‘ 2 v.‘ Negat ‘ Probability of Prostate Cancer: [ 6 ssl Pasitive l Probability of Prostate Cancer: ‘ 82 -/.[ Positive |
Probability Mmmﬂ:‘ 6 v.‘ Negat ‘ mmmum.wnn:[ 2 % Negative ‘ Probability um-«mm‘ 6 -/.[ Positive |
Probability umm:m:l 4 v.l Negat ‘ Probability umm:m:l 2 %|  Negative ‘ Probability umm:m:l 50 -/.[ Positive I

Suggestions : ‘ e ‘ Suggestions : _ Suggestions & _
Suspected PCa
100 -~ Patient
-®- Probability of PCa /
80 Probability of GS 2 7 - Probability of
—_ - Probability of CS 2 T2b_#A]ert PQe
RN el
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é L I A | o Low High
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3
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20+ l>< l
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-~ T l
123 456 7 8 910112 Active Medical

Time (Month)

Surveillance Intervention

Figure | Demonstration and interface of Prostate Cancer (PCa) and Clinicopathology Risk Calculator (PCCRC). Normal people (A), patients with low stage
clinicopathology (B), patients with high stage clinicopathology (C). The risk of PCa and clinicopathology change over time (D). The flow charts of dynamic monitoring

patients using PCCRC (E).
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probability of suffering from PCa, HG-PCa and HCS-PCa.
Figure 1 illustrates the calculator interface and the demo
results.

Cut-off Value and Performance

With the cut-off value of predicted probability increasing,
we can obtain a series of values of sensitivity, specificity
and the Youden’s index (the sum of sensitivity and speci-
ficity), Figure 2D. Based on the different objectives, we
can adopt an appropriate cut-off value to increase the
sensitivity and reduce the false positive. For the sake of
getting the maximum Youden’s index, we calculated the
optimal cut-off value of the predicted probability of model
1, model 2 and model 3, which, respectively, were 0.53,
0.38 and 0.40.

We used the AUC and DCA to demonstrate the perfor-
mance of predicting PCa, HG-PCa and HCS-PCa in the
training cohort and validation cohort (Figure 3 and Table 3).
Besides, NRI was employed to show the ability of correctly

s

' 5.7%
C
(Hespca | [ NonHecspca |
167% % . TTA% 4.9%

KX 7y

g=/[0.3% |7 ¢

reclassifying the patients. Comparing to the PSA, model 1,
model 2 and model3 can, respectively, make the 42.9%,
54.1% and 55.5% patients reclassified correctly, Table 3.
Moreover, we used scatter plots to show the predicted
model that can reduce the over-diagnosis associated with
PSA screening, as shown in Figure 2.

Goodness of Fit and Calibration

In order to know the predictive accuracy, we used the
calibration curves to exhibit the gap between the actual
risk and the predicted risk, and the distribution of patients
in different predicted probabilities is shown in Figure 4. In
addition, Cox & Snell R Square, Nagelkerke R Square and
Hosmer-Lemeshow test were utilized to state the overall
efficiency and goodness of fit, as shown in Table 3.

Discussion

Recently, PCa is getting more attention due to the high
incidence and the prognosis greatly varies from the
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Figure 2 Distribution of patients with different clinicopathology in the test of PSA with 20 ng/mL or less and the distribution of patients with non-PCa (A), non-HGPCa (B) or non-
HCSPCa (C) in predicted models, and the estimated sensitivity, specificity and the sum of sensitivity and specificity in different cut-off point for the predicted probability (D).
Abbreviations: PSA, prostate-specific antigen; PCa, prostate cancer; HG-PCa, PCa with high Gleason score; HCS-PCa, PCa with high clinical stage.
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Figure 3 The area under the curve (AUC) of model | (A), model 2 (B) and model 3 (C) and the decision curve analysis of model | (D), model 2 (E) and model 3 (F) were
used to show the predictive performance in the training cohort and validation cohort (at the bottom right or top right corner of the graphs).

pathological characteristics.'® ' As the ceaseless increase
of the researches about the clinical outcomes for the patients
who had the same stage of pathology but received different
treatment (active surveillance, radical prostatectomy and
androgen deprivation therapy), urologists are gradually
developing a consensus on the treatment for patients with
different clinicopathological characteristics.'> There were
studies that have demonstrated that the low-risk PCa
(L-PCa) achieved the giant benefit from active surveillance
and its incidence of recurrence was less than 25% at 5 years
post treatment.>'*"'” Therefore, it is also quite important to
rationally use this application for clinicopathological assess-
ment prior to biopsy in patients with risk of PCa. However,
at present, most studies only focused on the model of
predicting PCa or HG-PCa. To our best knowledge, there
were few developed models that can simultaneously pro-
vide the probability of PCa and HG-PCa. This calculator
can solve the aforementioned issue with the method of
assessing the risk of PCa with high clinical stage. As with

other predictive models, such as Korean Prostate Cancer

Risk Calculator (KPCRC), European Randomized Study for
Screening of Prostate Cancer Risk Calculator (ERSPCRC)
and Prostate Cancer Prevention Trial Risk Calculator
(PCPT-RC), PCCRC can provide the probability of suffer-
ing from PCa. Besides, PCCRC also can evaluate the
Gleason score and clinical stage that were the important
component of D’ Amico risk classification. If we can obtain
information revealing the high risk of having PCa for
a patient by using the PCCRC or other calculators, what
advice can we give this patient? Undergoing the biopsy or
following the active surveillance? At this time, the evalua-
tion for the Gleason score and clinical stage obtained by
PCCRC can give urologists some references to make an
appropriate decision. For example, urologists, with full
respect for the patient’s wishes, recommend active surveil-
lance for patients with a high possibility of PCa (0.53 or
higher) but with low possibility of HG-PCa (0.38 or lesser)
and a low possibility of HCS-PCa (0.40 or lesser). As we
know, the missed diagnosis of HG-PCa or HCS-PCa may

have a more serious impact on prognosis. So, to reduce the
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Table 3 Predicted Performance of Model for PCa, HG-PCa and HCS-PCa in Validation Cohort

PCa HG-PCa HCS-PCa

TPSA | PI-RADS V2 | Model | | TPSA | PI-RADS V2 | Model 2 | TPSA | PI-RADS V2 | Model 3
Correctly classified (compared to model)
NRI, % 42.9 34.0 - 54.1 453 - 55.5 46.3 -
Value of Z test 5.87 4.95 - 7.58 6.90 - 6.41 6.87 -
P value <0.001 | <0.001 - <0.001 | <0.001 - <0.001 | <0.001 -
Overall accuracy 6l 69 80 63 70 83 65 71 84
AUC
Total 0.75 0.79 0.87 0.78 0.82 0.89 0.80 0.8l 0.89
Training cohort 0.75 0.8l 0.88 0.77 0.83 0.89 0.79 0.82 0.89
Validation cohort 0.73 0.74 0.84 0.79 0.78 0.88 0.8l1 0.79 0.89
Goodness of fit
Cox & Snell R Square 0.19 0.27 0.38 0.21 0.30 0.40 0.22 0.28 0.39
Nagelkerke R Square 0.25 0.36 0.51 0.29 0.41 0.54 0.31 0.39 0.53
Hosmer-Lemeshow test | 0.081 0.001 0.588 0.004 0.089 0.276 0.001 0.076 0.26

Abbreviations: Pca, prostate cancer; HG-PCa, PCa with high Gleason score; HCS-PCa, PCa with high clinical stage; NRI, net reclassification index; TPSA, total prostate-
specific antigen; AUC, area under the curve; PSAD, PSA density; PI-RADS V2, prostate imaging reporting and data system version 2.

rate of missed diagnosis of HG-PCa or HCS-PCa, we can
appropriately decrease the cut-off value of model 2 and
model 3 for patients with a high possibility of PCa. As
shown in Figure 2D, with the cut-off value decreasing, the
sensitivity was raising. The sensitivity can arrive at 90%
when the cut-off value was 20% for model 2 and model 3.

Compared with other published predictive models, this
calculator was important from both medical and patients’
standpoints, as not only can it promote the diagnostic perfor-
mance but also can provide a dynamic observation platform
for patients so that they can participate in the management of
their disease. The investigation from America has stated that

only 4-20% of patients that met the standards of active
surveillance were willing to select the treatment of active
surveillance, which due to the limitations of existent predic-
tive methods and the patients’ uncertainty about their disease
progression.'>'® Now, patients can use the PCCRC to self-
assess the changes of PCa risk conveniently. During the
follow-up, if the results of the self-assessment continue to
worsen, he should go to the hospital for further assistant. In
addition, some patients with benign findings in the first
biopsy still have the abnormally tested results, such as
PSA, FPSA and MRI. So these patients also can apply this
calculator to evaluate the progress of PCa risk. Notably, if the
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Figure 4 Calibration curves for the predicted tools and the frequency of patients in different predicted probabilities was shown at the bottom of the graphs, separating

those with (+) and without (-) PCa, HG-PCa or HCS-PCa.
Notes: (A) Model I, (B) model 2 and (C) model 3.

Abbreviations: PCa, prostate cancer; HG-PCa, PCa with high Gleason score; HCS-PCa, PCa with high clinical stage.
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results obtained from the calculator are getting worse,
the second prostate biopsy should be further performed to
avoid the false negative stemmed from the first biopsy.

For patients that were diagnosed as PCa by biopsy
pathology, the presence or absence of bone metastasis
that is usually diagnosed by radionuclide bone scans is
an important reference to the development of the subse-
quent treatment plan.'® There were studies and guidelines
recommended that PCa patients with PSA 20 ng/mL or
greater, locally advanced disease, or Gleason score § or
greater are at higher risk of bone metastases and should be
considered for a bone scan to exclude the bone
metastasis.'”?° However, the detection rates of bone
metastasis in patients with PSA levels from 20 to 50
were 16.2% and in patients with Gleason score up to 8
or greater were 29.9%.%' Therefore, using Gleason scores
rather than the PSA levels as a reference can reduce the
over-diagnosis caused by bone scan. PCCRC can evaluate
the risk of high Gleason scores and high clinical stage for
patients with high PSA levels (more than 20ng/mL), which
can offset the over-diagnosis caused by PSA.

Undeniably, the PSA, PSAD, F/TPSA, DRE and PI-
RADS were still regarded as the initial measures to screen
the patients at the risk of PCa. However, PCCRC was com-
posed of six risk factors, including age, TPSA, FPSA, F/
TPSA, PV and PI-RADS V2. The first use of PCCRC,
which simultaneously requires the above six factors, to screen
for PCa would entail a huge economic burden. Therefore, our
application “PCCRC” was only used for people that were at
the risk of PCa tested by PSA, F/TPSA, DRE or PI-RADS V2.

PSAD is an ideal and important index in forecasting
the PCa, especially for the men with the PSA level from 4
to 10 ng/mL.*** However, PSAD was not included in
PCCRC. Because PSAD was calculated by PSA and PV so
that PSAD was strong covariates with PSA, which also
was verified by multivariate analysis. Other studies in this
field often selected one of these to participate in their
models to reduce the structural error.

Admittedly, there are still several limitations in this
study as follows. Firstly, the training cohort and validation
cohort both stemmed from a single-center, which needs
a multicenter study to further validate the performance.
Besides, it was a retrospective study, and the conclusions
and efficiency obtained in this research should be verified
by a prospective study, which also is what we are going to
prepare for. Additionally, the clinicopathology, including
the Gleason score and clinical stage, was evaluated relying
on MRI examination and pathology obtained by TRUS

biopsy rather than post-prostatectomy pathology. So the
limitations of the TRUS biopsy and MRI itself can also
bias the results.*

Conclusion

Our findings demonstrated that PCCRC not only can predict
the risk of PCa but also can evaluate the risk of HG-PCa and
HCS-PCa, which can provide a dynamic observation plat-
form for patients to enable them know the progress of PCa, so
as to better participate in the management of their disease.
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