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Background: To determine the diagnostic value of a series of integrated formulas that combined with
some easily accessible and economical indexes (age, weight and so on) for the detection of prostate cancer (Pca)
compared with prostate specific antigen (PSA) and multi-parametric MRI (MP-MRI).

Methods: Eight hundred thirty patients who underwent trans-rectal ultrasound (TRUS) guided prostate
biopsy between January 2010 and December 2016 in our institution were collected and retrospectively
analyzed. Patient demographics and MP-MRI findings were collected and assessed by the statistical package
for an association with Pca detection on biopsy.

Results: Compared with patients with no cancer, men with Pca being older, a higher PSA level, lighter,
smaller volume of prostate and more nodules with abnormal signal on MP-MRI. According to those indexes,
we derived a series of formulas (A and B) for detection of Pca with optimized thresholds. For formula A:
PSA +0.9x Age +0.2x Weight -0.5x Volume >72. For formula B: 32.1x PSAD + Age +0.5x Weight +32.8x
MRI -0.3x Volume >166. Composite formulas have great capacity for the detection of Pca with area under
the curve (AUC) of 0.88 and 0.93, respectively (compared with 0.78 and 0.75 for PSA level and PSAD,
respectively). In addition, composite formulas also achieved significantly better ability to detect higher biopsy
Gleason score (>7) than PSA and PSAD alone (AUC: 0.87 and 0.83 vs. 0.71 and 0.73, respectively), P<0.001.
Conclusions: The integrated formulas were superior to PSA alone for the detection of Pca. Moreover, it

brought about improved performance for detecting clinically significant Pca without extras costs.
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Introduction occupying the second place in urologic malignancy, which

. . . has become a danger to men's health, and its incidence
In the USA, the highest incidence rate of malignant tumor & ’

is Pca in men, and the incidence rate is continually rising (1). rate is also increasing year after year with generalizing
According to the report of Cancer Surveillance Center of the prostate specific antigen (PSA) screening. Although

China (2), the prostate cancer (Pca), in China, has been widespread PSA screening can increase the detection
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rate and reduce the mortality rate, urologist constantly
wonders whether PSA screening with low positive rate
(25%) resulted in over-treatment (3). Many factors have an
influence on PSA level, including age, prostate volume (PV),
prostatitis, digital rectal examination (DRE) and so on (4-7).
Pca screening is testing the serum concentration of PSA
in the blood. So, the different blood volume that is related
with weight possesses different total mass of PSA in blood,
then we can derive that weight maybe is a factor influencing
the PSA level, too.

In conclusion, these factors, including age, weight and
PV, should be taken into account in screening processes
of Pca. Furthermore, there are reports suggested multi-
parametric MRI (MP-MRI) combined PSA level or PSA
density (PSAD) can increase the positive rate for Pca
detection compared with PSA level and PSAD alone, but
it didn’t involve age, weight and PV (8,9). The imbalanced
development of economy and the diverse medical care
system between developed and developing region resulted
in different medical plans for the same disease in China.
Moreover, some counties and municipal hospitals were not
equipped with MP-MRI equipment. In this background,
using MP-MRI equipment to screen Pca can bring
tremendous economic burden on people and government
in an underdeveloped region, and it is also not accord with
the current situation of a developing country. Therefore, we
are urgent to look for some new ways, which not only can
reduce the false positive rate from relying on PSA screening
alone but also can be more effective and economical.

Methods
Patients

Eight hundred thirty patients who underwent TURS guided
prostate biopsy because of the clinical suspicion of Pca
stemmed from either abnormal finding on DRE and MRI or
elevated levels of PSA between January 2010 and December
2016 were retrospectively analyzed, which identified 777
patients who were biopsy naive and underwent PSA-based
Pca screening and yielded 302 patients who have MP-MRI
examination in addition to above tests before entry into this
protocol. All patients enrolled had a serum PSA assessment,
DRE and parts of patients underwent prostate imaging with
MP-MRI as previously described (10). Patients with suspicion
of Pca subsequently underwent trans-rectal ultrasound (TRUS)
guided 12+ X-cores biopsy, what were taken from the right and
left peripheral zones as previously described by Presti (11,12).
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Establishment of integrated formulas

First, the indexes that were most commonly used in the
clinic were chosen by the experienced chief physician and
professor from our institute. Second, multivariate logistic
regression analysis was used to filter these indexes in order
to retain some indexes that had statistical significance and
were the important independent risk factors for detecting
Pca, otherwise, the indexes were excluded from our
research. Third, binary logistic regression analysis was
used to establish the detecting formulas. According to the
presence or absence of MP-MRI, the research was divided
into two parts (A and B). Seven hundred seventy seven
patients entered into the research plan A, which take age,
weight, PV and PSA level/PSAD into consideration. Three
hundred and two patients with MP-MRI examination
entered into the research plan B that takes age, weight, PV,
PSA level/PSAD and MP-MRI finding into account.

Data collection and statistical analysis

MP-MRI that used Prostate Imaging Reporting and Data
System (PI-RADS) (Version 2) to evaluate the probability
of suffering from Pca identified the suspicious lesions based
on previously established characteristics on each imaging
parameter (13). For the purpose of this retrospective study B,
patients with lesions visible and suspicious on T2-weighted
(T2w), diffusion-weighted imaging (DWI) or dynamic
contrast material enhanced (DCE) were regarded as MP-
MRI screen-positive lesions (SPL) and used PI-RADS
V2 to evaluate the probability of suffering from Pca with
scores from 1 to 5. Patient demographics, MRI findings,
and biopsy pathology correlating to 12+ X-core biopsy were
collected and entered into a Microsoft Excel Version 2010.
Then, the data were transferred to the Statistical Package
for Social Science (SPSS) Version 10.01 for data analysis.
The parameters of composite formulas were generated
by the logistic regression. To be specific, a generalized liner
model of the form: In[(P/(1-P)] = aX, + bX, + c¢X; + dX,
+ eX;+ fwhere a, b, ¢, d, e and f are the constants stemmed
from the logistic regression analysis and the probability of
Pca was recorded as P. In order to simplify formulas, the
conversion formulas were re-written as {In[P/(1-P)]-f}/a
= X, + b/aX, + ¢/aX; + d/aX, + e/aX; where X1 to X5 are five
of the six variables of PSA, PSAD, age, weight, MP-MRI
and PV as appropriate. The maximal point of sensitivity
and specificity was used to determine the optimal threshold.
Decision curve analysis was also used to compare the net
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benefit of the different logistic regression models generated
using R code made available by Vickers (14,15).

Statistical comparisons of categorical and continuous
variables were performed using Chi-square test/McNamara’s
test and paired, two-tailed Student’s 7-tests, respectively.
For the detection of Pca, the study calculated the sensitivity,
specificity, negative predictive value (NPV), positive predictive
value (PPV) and overall accuracy based on thresholds of PSA
>4 ng/mL, PSAD >0.15 ng/mL/mL, A >72, MRI-findings
>1 and B >166. This research regarded the variables of PSA
level, PSAD, A, MP-MRI and B as diagnostic instruments and
used receiver operating characteristic (ROC) curves to assess
the discriminative ability of pre-biopsy variables. We used
binomial parametric estimation method to calculate the area

Table 1 The result of logistic regression for indicators

Indicators B S.E  Wals value OR P

Age 0.052 0.021 5.606 1.057 0.018
Prostate volume 0.040 0.069 6.445 1.066 0.015

PSA 0.069 0.022 13.121 1.083  0.009
fPSA 0.011 0.083 0.421 0.701  0.201
fAPSA 0.006 0.020 0.031 0.504 0.078
PSAD 1.412 0.056 8.634 1.312  0.008
MP-MRI 1.908 0.153 51.654 3.010 0.000

PSA, prostate specific antigen; PSAD, PSA density; MP-MRI,
multi-parametric MRI; S.E, standard error; OR, odds ratio.

Table 2 Demographics and biopsy findings of all

Wang et al. The method to screen Pca

under the curve (AUC) for each ROC curve by SPSS. The
statistical significance between the AUC for two curves was
tested by DeLong’s test. For all remaining statistical analysis,
we used the SPSS (Version 10.01) to analyze.

Results
Patient demographics

All patients haven’t been a history of biopsy. The indexes of
age, PSA, PSAD, weight, PV and MP-MRI were retained
by the logistic regression because these were the important
independent risk factors for detecting Pca (Table 1). For
research A, the mean (SD, range) age, PSA level and PSAD
were 68.3 (8.4, 41-92), 30.1 (31.1, 1.1-100) and 0.6 (0.8,
0.01-3.7), respectively. For research B, the mean (SD,
range) age, PSA level and PSAD were 69.3 (8.2, 43-92),
28.8 (31.0, 1.1-100) and 0.6 (0.7, 0.01-2.9), respectively
(Tables 2,3). The men with Pca identified by biopsy
pathology tended to be older, lighter, smaller volume of
prostate, more nodules with heterogeneous signal on MP-
MRI and higher PSA level/PSAD.

Establishment of integrated formulas and threshold

For the models combined with age, weight, prostate volume,
PSA, PSAD and MRI findings, we, based on the logistic
regression equation to maximize the sum of sensitivity and
specificity for Pca detection, derived the following equations:

Characteristic Total No cancer Cancer P
Number of man 777 355 422 -
Age, years, mean (SD) 68.3 (8.4) 66.4 (8.0) 69.8 (8.4) <0.001
Weight, kg, mean (SD) 67.1 (9.9 68.1(9.8) 66.2 (9.9) 0.011
PSA level, ng/mL, mean (SD) 30.1 (31.1) 14.1 (12.3) 43.6 (35.5) <0.001
PSAD, ng/mL/mL, mean (SD) 0.6 (0.8) 0.2 (0.2 1.0(0.9) <0.001
Prostate volume, mL, mean (SD) 53.2 (33.4) 64.5 (34.5) 43.7 (29.3) <0.001
Biopsy Gleason score, n [%]
No cancer 355 [46] - - -
Gleason 6 84 [11] - - -
Gleason 7 127 [16] - - -
Gleason =8 211 [27] - - -

PSA, prostate specific antigen; PSAD, PSA density; SD, standard deviation.
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Characteristic Total No cancer Cancer P
Number of man 302 122 180 -
Age, years, mean (SD) 69.3 (8.2) 67.0 (8.0) 70.9 (7.9) <0.001
Weight, kg, mean (SD) 67.7 (10.2) 69.6 (10.3) 67.7 (10.2) 0.010
PSA level, ng/mL, mean (SD) 28.8 (31.0) 14.0 (12.4) 38.8 (35.5) <0.001
PSAD, ng/mL/mL, mean (SD) 0.6 (0.7) 0.2 (0.2 0.9 (0.8) <0.001
Volume, mL, mean (SD) 51.2 (0.8) 63.5 (32.5) 42.8 (35.6) <0.001
Scores of PI-RADS on MP-MRI, n [%]
PI-RADS 1 and 2 110 [36] 88 [72] 22 [12] <0.001
PI-RADS 3 112 [37] 34 [28] 78 [43] <0.001
PI-RADS 4 and 5 80 [27] 0 [0] 80 [45] <0.001
Biopsy Gleason score, n [%]
No cancer 122 [40] - - -
Gleason 6 40[13] - - -
Gleason 7 51[17] - - -
Gleason =8 89 [30] - - -

PI-RADS, Prostate Imaging Reporting and Data System; MP-MRI, multi-parametric MRI; SD, standard deviation.

% For Composite A: PSA + 0.9x Age + 0.2x Weight
-0.5 x Volume >72
% For Composite B: 32.1x PSAD + Age + 0.5x Weight
+32.8x MRI - 0.3x Volume >166
As above description, our study as consistent as previous
study that indicated MP-MRI had obvious advantages
compared with PSA test alone (9,16). The combined use
of MP-MRI and four independent variables of research
A can obtain better results getting rid of consideration of
economic condition. Our study includes three MP-MRI
prostate examination findings, 1 corresponds to the PI-
RADS scores 1 and 2, 2 corresponds the PI-RADS scores 3
and 3 corresponds the PI-RADS scores 4 and 5. There was a
statistically significant difference between 1 and >1, P<0.001,
and between 2 and 3, P<0.001. Patients with PI-RADS 4
and 5 on MP-MRI were all diagnosed as cancer relying
on pathology of biopsy in this study (Zzble 3). The optimal
threshold of MP-MRI was >1, which means it would be
considered as a positive test, if the value of MP-MRI was >1.

Comparison of PBRS and other screening metbods

The five variables’” ROC curve was generated and the AUC
were calculated (Figure I). The Figure 1B suggested the AUC
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of these test range from 0.72 for PSA and 0.70 for PSAD
to 0.86 for MP-MRI. There was a statistically significant
difference between the AUCs for PSA level and MP-MRI,
P<0.001, and for PSAD and MP-MRI, P<0.001, but not for
PSA and PSAD, P=0.30. Table 4 is showing that the AUCs
were compared with each other by Z-test. For the sum of
sensitivity and specificity (Youden index), composite A (1.68)
is significantly greater than PSA and PSAD (0.97 and 1.24,
respectively), P<0.001. Moreover, there was a statistically
significant difference between composite A and PSA/PSAD
alone for the NPV, PPV and overall accuracy, P<0.001 (Zable 5).

The sensitivity, specificity, PPV, NPV, and overall
accuracy of PSA level, PSAD, A, MP-MRI and B for the
detection of Pca were calculated (7able 5, Figure 2A4). Testing
individual measures for Pca detection (PSA level, PSAD, and
MP-MRI alone), the MP-MRI was noted to have the highest
sensitivity (80%), specificity (72%), PPV (82%), NPV
(81%), and overall accuracy (76%). PSA had a lowest overall
accuracy (43%). Composite B generated a highest specificity
(95%), PPV (96%), NPV (77%), and overall accuracy (87%).
Whatever the screening instruments is composite A or
composite B, it has better value than PSA and PSAD alone to
predict Pca. All above data is represented on the 7able 5.

The prognosis of patients with Pca importantly associated

Transl Cancer Res 2017;6(6):1180-1187
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Figure 1 Predictive power of various detection measures including no MRI (A) and combining MP-MRI (B), and decision curve analysis

comparing net benefits of different screening methods (C). PSA, prostate specific antigen; PSAD, PSA density; MP-MRI, multi-parametric

MRI; MRI, magnetic resonance imaging.

Table 4 The comparison of AUCs among groups

Statistical indexes PSA vs. PSAD PSA vs. MP-MRI PSAvs. A PSAvs. B MP-MRI vs. A MP-MRI vs. B
Z 0.58 1.91 4.06 5.78 2.64 2.94
P 0.30 0.03 <0.001 <0.001 0.004 0.002

PSA, prostate specific antigen; PSAD, PSA density; MP-MRI, multi-parametric MRI."

Table 5 Performance of PSA level, PSAD, MP-MRI and composite detection models (composite A and B)

Evaluation indexes PSA level [%] PSAD [%] Composite A [%] MP-MRI [%]

Composite B [%]

No MRI (n=777)

Sensitivity 266/42 [62] 284/422 [67] 341/422 [81] -
Specificity 138/35 [39] 204/355 [57] 320/355 [90] -
PPV 266/48 [55] 284/43 [65] 341/376 [91] -
NPV 138/269 [51] 204/342 [60] 320/401 [80] -
Overall accuracy 404/77 [52] 488/77 [63] 661/777 [85] -

Underwent MRI (n=302)

Sensitivity 110/180 [61] 115/180 [64] 144/180 [80] 143/180 [80]
Specificity 49/122 [40] 69/122 [57] 108/122 [89)] 88/122 [72]
PPV 110/183 [60] 115/170 [68] 144/158 [91] 143/177 [81]
NPV 49/109 [45] 69/134 [51] 108/144 [75] 88/110 [80]
Overall accuracy 159/302 [53] 184/302 [60] 252/302 [83] 231/302 [76]

145/180 [81]
116/122 [95]
145/151 [96]
116/151 [77]
261/302 [87]

PSA, prostate specific antigen; PSAD, PSA density; MP-MRI, multi-parametric MRI; PPV, positive predictive value; NPV, negative

predictive value; MRI, magnetic resonance imaging.
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with Gleason score, and there was significantly different
between the biopsy Gleason score >7 and the biopsy Gleason
score <7 for survival (17,18). The cohort of research was divided
into two groups, which are test-negative and test-positive groups
generated by the application of each model with the optimum
thresholds (PSAD <0.15 vs. >0.15 ng/mL’, etc.). Figure 2B
shows the distribution of biopsy Gleason score in the test-
negative population as identified by the different models. The
proportion of biopsy Gleason score >8 cancers declined from
18.4% and 15.9% (PSA and PSAD, respectively) to 6.4% and
7.9% (MP-MRI and B, respectively) in test-negative group. The
MP-MRI led to the greatest proportion of men with no Pca
exactly classified as screen negative while also minimizing the
proportion of biopsy Gleason score >7 cancers that were missed.
Figure 2C shows the distribution of the biopsy Gleason score
in those considered ‘test-positive’ groups. Composite B not
only obtained the highest proportion of men with Pca exactly
categorized as screen positive but also minimized the number of
men with no cancer. As a whole, the tests combined MP-MRI
(MP-MRI alone or composite B) acquired highest performance
in excluding men with no cancer not only higher than PSA or
PSAD alone but also higher than composite A. The composite
A and composite B had best effect on detecting Pca while the
PSA alone had lowest effect on excluding men with no cancer,
which can lead you to choice the most suitable screen measures
according to the condition of patients economy and the hospital
equipment.

Decision curve analysis that consists of the so-called net
benefit was employed to evaluate the overall utility of these
prediction models (Figure 1C). The composite B had greater
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net benefit vs. any one modality alone. PSA level and PSAD,
compared with an approach to biopsy everyone, were of no
additional net benefit until the threshold probability was
close to 42%. In contrast, the composite B showed benefit
in even low-risk populations with threshold probabilities for
concern of Pca close to 10% and the remaining screening
methods close to 18%. In addition, composite B had the best
benefit whatever the threshold probability.

Discussion

Although widespread using PSA to screen the Pca has led
to increasing early-stage, localized Pca detection with a
controversial effect on mortality, the cost-effectiveness is
worth deep-thinking in terms of low diagnostic sensitivity and
specificity (19). Some specialist began to against PSA screening
in all men (20). So, it is about time that specialist take significant
efforts to develop other novel screening approaches with the
aim of minimizing unnecessary biopsies and reducing over-
treatment. Our research comprehensively considers the factors
that may be influencing the PSA level, thereby; it revealed
excellent performance than PSA level alone in detecting Pca.
Previous researches had identified that MP-MRI has
satisfying effect on detecting Pca and the PI-RADS V2 is a
better method to provide explicit criteria for assigning scores
on a scale of 1-5 to stratify the level of suspicion for clinically
significant cancer for each sequence routinely included within
a multi-parametric prostate MR imaging examination (8,13).
Based on previous study experiment of using MRI to screen
Pca (8,9), we derived composite formulas A and B combined

Transl Cancer Res 2017;6(6):1180-1187
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five factors including age, weight, MP-MRI finding, PSA level
and PSAD. The composite A and B have higher screening
evaluation index (sensitivity, etc.). The false positive rate of
PSA is 9.8 times as high as the composite A, and the PPV of
PSAD range from 68% to 91% for A, which can avoid more
patients to biopsy and save a lot of medical resources. Based
on the independent variables of composite A, the composite B
added a new independent variable of MP-MRI examination.
Our study revealed that composite B not only better than PSA
and PSAD but also better than composite A in some ways.
For example, compared with PSA (43.2%) and A (12.2%),
composite B (6.6%) decreased the false positive rate by 6.5-
and 1.8-fold, respectively, and the PPV and NPV of PSA
ranged from 52% and 15% to 96% and 77% for B, etc.

However, composite B has its own limitations relative to
composite A. MP-MRI examination, the one of component
of composite B, is important difference between composite
B and A, which decides the different crowds to choose a
suitable screening method. Time and cost, especially in a
developing region, are distinct challenges to implement the
examination of MP-MRI. There is largely developmental
gap between developed and developing region and also
between city and country so that the doctor of developing
region has to take economic question into account. Then
the overall performance of composite A is not better
than composite B, but it can be adopted to screen Pca for
appropriate men who located on underdeveloped region and
lived in poverty. Based on our study finding that composite A
and B outperform PSA and PSAD alone in detecting Pca, we
suggest that composite B could be applied to screen Pca for
men who don't worry about economic question otherwise
composite A could be used prior to PSA and PSAD.

Finally, there are lots of limitations for our study. First,
the research’s cohort is not a true screening population
but rather is a population that is repeatedly enriched for
pre-test degree of Pca suspicion principally based elevated
PSA levels, which resulted in the evaluation index (largely
sensitivity) on the high side compared previous its kind.
Second, on account of special Chinese national conditions,
the men with suspicion of Pca identified by MP-MRI
account for small proportion in all screening methods so
that it could reduce the weight coefficient of MP-MRI
in assessing the effect on detection for Pca. Third, some
people that PSA level located on gray area ( PSA level range
from 4 to 10 ng/mL) were reluctant to further determine
the character by biopsy but rather to choice follow-up
observation, which make the proportion of these people
decline consequently increasing the weight coefficient

© Translational Cancer Research. All rights reserved.
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of PSA. Last, the men with Pca was diagnosed by biopsy
pathology and the pathological specimen was obtained
by TRUS guided biopsy that also exists false positive and
false negative, so biopsy itself error can also cause our
study’s result bias (10,21). In future, multi-center, large-
scale and long-term screening trials will be ultimately
utilized to identify our findings and define the applicability
of composite A and B in Pca detection in populations of
men who are not enriched by PSA-based clinical suspicion.
In addition, the cost-effectiveness of using composite B to
screen Pca should be evaluated in future.

Conclusions

Composite formulas combined age, weight, prostate
volume, MP-MRI, PSA and PSAD have better value than
PSA level and PSAD in the detection of Pca. In addition,
composite A outperformed the combination of PSA/PSAD
and MRI, but less than composite B, which can make the
clinician choose the most appropriate screening methods
to predict Pca before biopsy depending on the economic
condition of men with suspicion of Pca.
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