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ORIGINAL ARTICLE

Chinese nomogram to predict probability of positive initial
prostate biopsy: a study in Taiwan region

Shu-Chun Kuo'?, Shun-Hsing Hung3, Hsien-Yi Wang‘l’5 , Chih-Chiang Chien®®, Chin-Li Lu’, Hung-Jung Lin®°,
How-Ran Guo', Jian-Fang Zou'', Chian-Shiung Lin>'? and Chien-Cheng Huang®'®"?

Several nomograms for prostate cancer detection have recently been developed. Because the incidence of prostate cancer is lower in
Chinese men, nomograms based on other populations cannot be directly applied to Chinese men. We, therefore, developed a model for
predicting the probability of a positive initial prostate biopsy using clinical and laboratory data from a Chinese male population. Data
were collected from 893 Chinese male referrals, 697 in the derivation set and 196 in the external validation set, who underwent initial
prostate biopsies as individual screening. We analyzed age, prostate volume, total prostate-specific antigen (PSA), PSA density
(PSAD), digital rectal examinations (DRE) and transrectal ultrasound (TRUS) echogenicity. Logistic regression analysis estimated odds
ratio, 95% confidence intervals and Pvalues. Independent predictors of a positive biopsy result included advanced age, small prostate
volume, elevated total PSA, abnormal digital rectal examination, and hyperechoic or hypoechoic TRUS echogenicity. We developed a
predictive nomogram for an initial positive biopsy using these variables. The area under the receiver-operating characteristic curve for
the model was 88.8%, which was greater than that of the prediction based on total PSA alone (area under the receiver-operating
characteristic curve 74.7%). If externally validated, the predictive probability was 0.827 and the accuracy rate was 78.1%,
respectively. Incorporating clinical and laboratory data into a prebiopsy nomogram improved the prediction of prostate cancer
compared with predictions based solely on the individual factors.
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INTRODUCTION

In Taiwan region, a predominantly Chinese population, the inci-
dence of prostate cancer was not in the top 10 in 1998; however, in
2008, its incidence rose to the fifth and it became the seventh most
frequent cause of cancer death.! In every year since 1998, over 2000
patients have been diagnosed with prostate cancer and over 750
patients in all have died from it. Unfortunately, in spite of medical
advancement, the number of patients newly diagnosed with pro-
state cancer and the mortality rate of the disease continue to rise.!
In addition, metastatic prostate cancer is significantly higher in
Taiwan region’s Chinese population than in the general American
population (32.7% vs. 5%).

Early detection and intervention of prostate cancer are effective.’
Widespread use of serum prostate-specific antigen (PSA) screening
has increased the detection of early prostate cancer.* However, serum
PSA levels increase, not only in patients with prostate cancer, but also
in various nonmalignant conditions of the prostate.* Discriminating
prostate cancer from benign prostatic disease is difficult; therefore, the

number of unnecessary prostate biopsies has increased with the
increase in PSA screening.*

Although invasive and costly prostate biopsies provide a definitive
diagnosis, they should be avoided in men with a low probability of
disease because of the possible complication and associated pain.*” In
addition, waiting for the biopsy leads to patient anxiety. About 55% of
patients felt anxiety when waiting for prostate biopsy, and 6% experi-
enced high levels of anxiety.® Efforts to develop predictive models for
prostate cancer using clinical, laboratory and ultrasound parameters
have been directed to improve the rates of prostate cancer detection
and to reduce patient anxiety.®™"!

Nomograms are widely used for cancer prognosis, primarily
because they reduce statistical predictive models into a single numeri-
cal estimate, tailored to the profile of an individual patient, of the
probability of an event, such as death or recurrence.'? User-friendly
graphical interfaces for generating these estimates facilitate using
nomograms to inform clinical decision making.12 In 2003, a nomo-
gram using age, prostate-specific antigen density (PSAD), digital rectal
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examination (DRE) and transrectal ultrasound (TRUS) in patients
with intermediate PSA levels was developed to predict the presence
of prostate cancer."” Two others were developed for predicting the
probability of a positive prostate biopsy.'* One study that compared
three commonly used nomograms (the CRC, SWOP-PRI and
Montreal) concluded that the Montreal nomogram was the best
choice.'> A nomogram for specifically for Japanese patients was also
developed.* However, because prostate cancer is thought to differ
epidemiologically and biologically between Western, Japanese and
Chinese populations,'® nomograms developed for other populations
cannot be directly applied to the Chinese population in Taiwan region,
which has a lower incidence of prostate cancer than non-Chinese
populations do. Our aim was to construct a nomogram to predict
the probability of a positive prostate biopsy using data from a
Chinese population.

MATERIALS AND METHODS

Study population

Between January 2009 and December 2011, data were retrospectively
collected for the purposes of clinical care from 893 referred patients
who underwent an initial TRUS-guided prostate biopsy at Chi Mei
Young-Kang Medical Center and Chi Mei Liou-Ying Hospital.
Patients were referred for initial TRUS-guided prostate biopsy when
he met any of the following criteria: total PSA >4.0 ng ml~', PSAD
>0.15 ng ml~ ! em ™3, suspect cancer on DRE, and hyperechoic or
hypoechoic TRUS echogenicity. The studied hospital’s institutional
review board approved the protocol. The patients were divided into
derivation and external validation sets. The derivation set consisting of
697 patients from Chi Mei Young-Kang Medical Center, was for build-
ing the nomogram. The external validation set consisting of 196
patients from Chi Mei Liou-Ying Hospital, was for testing the nomo-
gram. The mean PSA level before the biopsy was 28.3+33.8 ng ml™"
(range: 0.11-100.0 ng ml™"). One member of the team of urologists
did a DRE on all patients before the TRUS test, and the results were
classified as normal or suspect cancer. Patients with prostatic nodules
and indurations on the DRE were suspected of having cancer.

Serum total PSA assay

A single blood sample drawn before the DRE was immediately cen-
trifuged to separate the serum and then stored at —20 °C. A total PSA
assay was done (Chemiluminescent Microparticle Immunoassay
Architect System; Abbott Ireland Diagnostic Division, Sligo, Ireland).

TRUS-guided systematic biopsy

A TRUS-guided systematic biopsy of the prostate was done using
surgical ultrasonography (Biplane transducer 8808 mode (10 MHz);
BK Medical, Herlev, Denmark) under local anesthesia with patients
placed in the left-lateral decubitus position. The probe was inserted
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transrectally, and the prostate was scanned simultaneously in the trans-
verse and sagittal planes. The prostate volume was calculated using the
formula for a prolate ellipsoid (lengthXwidthXheightX0.523). An
automatic biopsy gun and an 18-gauge needle with TRUS guidance
were used. Biopsies were performed by urologists and the numbers of
biopsies from each patient were all >10 specimens. If there were
obvious hypoechoic prostate lesions on the ultrasound images, five
specimens were taken from those areas, while the remaining specimens
were obtained randomly from the peripheral and transitional zones of
each lobe. If no hypoechoic prostate lesion was observed on TRUS
imaging, all specimens were randomly obtained from the peripheral
and transitional zones of each lobe equally.

Statistical analysis
Mean and standard deviation were calculated for age, prostate volume,
total PSA and PSAD, and count and percentage were calculated for
DRE findings and TRUS echogenicity. Considering the ease for clinical
practice, continuous factors were categorized into quartiles for the
following analyses.

A prediction model was conducted based on the data collected from
Chi Mei Yung-Kang Medical Center. Both univariate and multivariate
logistic regression analysis were used to examine the association
between predictive variables and biopsy outcomes. Crude or adjusted
odds ratios and 95% confidence intervals (CI) were calculated. Using a
backward model-selection procedure, the final model for prediction
was conducted. Model fitness and interpretability were assessed using
the Hosmer—Lemeshow and the Nagelkerke r* tests, respectively.
Receiver-operating characteristic curves and C-statistics were used
to assess the model’s ability to discriminate. The model was also
externally validated. Using the prediction model for the data from
the patients from Chi Mei Liou-Ying Hospital, C-statistics for the
probability derived from the model and for each individual factor were
calculated and compared.

Based on the final model, the estimated probability of a positive
biopsy could be calculated, a nomogram was accordingly developed to
use as a clinical tool. In brief, the development method was that the
regression coefficients representing the strengths of correlation were
proportionately transferred to the distances on the graph, on which
they can be linked to corresponding points and summed to a total. The
estimated probability of a positive biopsy thus can thus be determined.
SPSS 17.0.1 for Windows (SPSS Inc., Chicago, IL, USA) and Microsoft
Office Excel 2007 (Microsoft, Redmond, WA, USA) were used for all
statistical analyses.

RESULTS

Patient data

The mean standard deviation and median range of age, prostate
volume, total PSA and PSAD were shown in Table 1. The comparison

Table 1 Clinical characteristics of 697 patients in the derivation set and 196 patients in the validation set with initial biopsy results

(meanz=s.d., median and range in parenthesis)

Variable Derivation set Validation set
Total patients Positive biopsy Negative biopsy Total patients
(h=697) (h=240) (n=457) (n=196)
Age (year) 68.5+10.6 (70.0, 29-96) 72.5+9.2 (73.0, 29-95) 66.4+10.6 (68.0, 31-96) 69.0+10.6 (70.0, 38-89)

43.3+22.1 (38.9, 6.0-233.0)
28.3+33.8(11.2, 0.1-100.0)
0.7x1.0(0.3,0-12.1)

Prostate volume (cm?)
Total PSA (ng mi™1)
PSAD (ng ml cm™—3)

41.6+19.2 (36.4,8.2-115.8)
56.2+39.8 (50.2, 0.6-100.0)
1.5+1.3(1.3,0-12.1)

44.2+23.5(39.7, 6.0-233.0)
13.7£17.0 (8.5, 0.1-100.0)
0.3x0.4(0.2,04.3)

41.6+26.2 (34.9, 9.1-203.8)
20.1+21.1 (11.5, 0.25-100.0)
0.6=0.8(0.3,0-4.9)

Abbreviations: PSA, prostate-specific antigen; PSAD, prostate-specific antigen density.
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Table 2 Univariate analysis evaluating risk of positive biopsy in the derivation set

Variable Patients Positive biopsy OR 95% CI P value
Age (year)
<65 229 44 (19.2%) 1
65-70 142 45 (31.7%) 1.95 1.20-3.16 0.007
71-75 140 55 (39.3%) 2.72 1.70-4.36 <0.001
>75 186 96 (51.6%) 4.44 2.87-6.87 <0.001
Prostate volume (cm®)
<28 175 63 (36.0%) 1.14 0.73-1.77 0.572
28-39 174 64 (36.8%) 1.19 0.77-1.86 0.431
39-54 174 56 (32.2%) 0.97 0.62-1.53 0.909
>54 174 57 (32.8%) 1
Total PSA (ng mi™1)
<6.7 175 13 (7.4%) 1
6.7-11.2 175 39 (22.3%) 3.57 1.83-6.97 <0.001
11.3-315 173 45 (26.0%) 4.38 2.27-8.47 <0.001
>31.5 174 143 (82.2%) 57.08 28.75-113.32 <0.001
PSAD (ng mlcm™3)
<0.21 175 14 (8.0%) 1
0.21-0.3 174 25 (14.4%) 1.93 0.97-3.85 0.062
0.31-1.0 173 54 (31.2%) 5.22 2.77-9.84 <0.001
>1.0 175 147 (84.0%) 59.96 30.39-118.31 <0.001
DRE
Normal 417 60 (14.4%) 1
Suspect cancer 280 180 (64.3%) 10.65 7.38-15.37 <0.001
TRUS echogenicity
Isoechoic 291 42 (14.4%) 1
Hyperechoic or hypoechoic 406 198 (48.8%) 5.62 3.84-8.22 <0.001

Abbreviations: Cl, confidence interval; DRE, digital rectal examination; OR, odds ratio; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density; TRUS,

transrectal ultrasound.

of percentage of positive biopsy, age, prostate volume, total PSA,
PSAD, DRE and TRUS echogenicity between derivation set and
external validation set was showed in Table 1. The DRE findings were
classified as suspect cancer in 280 (40.2%) patients (Table 2). The
TRUS echogenicity findings were hypoechoic or hyperechoic in 406
(58.2%) and isoechoic in 291 (41.8%).

Biopsy results

Prostate cancer was detected in 240 (34.4%) of the derivation set
biopsy specimens. Table 2 shows the patient distribution within each
variable and the results of the univariate analysis that evaluated the risk
associated with biopsies.

Nomogram development

Univariate logistic regression analysis indicated that age, total PSA,
DRE and TRUS echogenicity are the four significant predictors for a
positive prostate biopsy (Table 2). A stepwise multivariate logistic
regression analysis showed that the most significant of the five risk
factors for detecting prostate cancer are total PSA, DRE and TRUS
echogenicity (Table 3). Independent analyses using forward and back-
ward stepwise procedures yielded identical results. A nomogram was
developed using the five independent risk factors to diagnose prostate
cancer (Figure 1). For each of the five categories, an individual accu-
mulated a number of points that were summed to calculate the overall
likelihood of a positive biopsy, as described elsewhere.'” For example,
for a 72-year-old man with a PSA level of 8.5 ng ml™', a prostate
volume of 20 cm?, and normal DRE and TRUS hyperechoic findings,
according to the model, his risk of a positive biopsy would be 45%, not
the 25% usually indicated by an intermediate PSA level of 4-
10 ng ml™". Receiver-operating characteristic analysis indicated that
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Table 3 Multivariate analysis evaluating risk of positive biopsy in the
derivation set

Variable OR 95% Cl P value Beta
Age (year)

<65 1

65-70 166 0.87-3.17 0.127 0.51

71-75 195 1.04-3.68 0.038 0.67

>75 227 1.26-4.09 0.007 0.82 0.82
Prostate volume (cm?)

<28 404 209-7.78 <0.001 1.40 1.4

28-39 2.19 1.18-4.08 0.013 0.78

39-54 1.30 0.67-2.43 0.411 0.26

>54 1
Total PSA (ng mI™1)

<6.7 1

6.7-11.2 7.06 3.33-14.98 <0.001 1.95

11.3-31.5 499 240-10.36 <0.001 1.61

>31.5 39.65 18.10-86.87 <0.001 3.68 3.68
DRE

Normal 1

Suspect cancer 348 2.17-56.58 <0.001 1.25 1.25
TRUS echogenicity

Isoechoic 1

Hyperechoic or hypoechoic  3.46  2.11-5.68 <0.001 1.24 1.24

Constant -5.141

Abbreviations: Cl, confidence interval; DRE, digital rectal examination; OR, odds
ratio; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density;
TRUS, transrectal ultrasound.

Hosmer—Lemeshow test, P=0.142; Nagelkerke, r°=0.557.
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Figure 1 Chinese nomogram for detecting prostate cancer by initial biopsy.
Locate age, prostate volume, total PSA, DRE and TRUS echogenicity for indi-
vidual patients. Draw a line upward to number of points in each category. Sum the
points and draw a line downward to find the risk of a positive biopsy. DRE, digital
rectal examinations; PSA, prostate-specific antigen; TRUS, transrectal
ultrasound.

Table 4 Comparison of nomogram results and other predictors using
ROC analysis

Model

Area under the curve (95% ClI)

0.888 (0.861-0.914)
0.671 (0.629-0.712)
0.474 (0.429-0.519)
0.747 (0.714-0.780)
0.772 (0.740-0.805)

Present nomogram
Age (year)

Prostate volume (cm?)
Total PSA (ng mI™?%)
PSAD (ng ml~!cm™)

Abbreviations: Cl, confidence interval; PSA, prostate-specific antigen; PSAD,
prostate-specific antigen density; ROC, receiver-operating characteristic.

the accuracy of the predicted probability for the model was 88.8%
compared with 74.7% when using total PSA alone (Table 4). The
accuracy of this model was also determined using the external valid-
ation set: predictive probability=0.827; accuracy=78.1%. We also
compared our nomogram to the work by Tang et al.'® (Table 5).

DISCUSSION

In the present study, we developed a predictive model that incorpo-
rates clinical and laboratory data from general practice to detect pro-
state cancer in a Chinese population. The significant independent
covariates for detecting cancer in the present study were age, prostate
volume, total PSA, DRE findings and TRUS echogenicity. Using these
risk factors, we constructed a Chinese nomogram that provides more

Table 5 Predictive accuracy of two Chinese nomograms (Tang et a
of positive initial prostate biopsy

I.18

Chinese nomogram for prostate cancer biopsy
SC Kuo et al

precise risk-analysis information for individual Chinese patients. This
predictive nomogram for the Chinese population might aid physicians
and patients in electing to undergo a prostate biopsy, the definitive
diagnostic tool. It not only may facilitate early prostate cancer diag-
nosis, but also may help diminish unnecessary prostate biopsies and
reduce patient anxiety.

Tang et al.'® also proposed a nomogram to be used for decide
whether to perform a biopsy in Chinese patients. Comparing to the
work by them, our nomogram enrolled more patients (893 vs. 535)
and showed more accurate (external validation vs. internal validation)
and better area under the curve (AUC; 88.8% vs. 84.8%) and increase
AUC vs. PSA alone (14.1% vs. 5.1%) (Table 5). We also compared our
model with other Western and Japanese nomograms in Table 5.

Several models—nomograms, risk groupings, artificial neural net-
works, probability tables, and logistic regression analysis—have been
developed to help predict a positive prostate biopsy in men being
evaluated for prostate cancer.***™** Nomograms, artificial neural net-
works and logistic regression analysis improved the accuracy of pre-
diction compared with the individual factors alone.

The statistical definition of a nomogram is a graphical representa-
tion of a mathematical formula or algorithm that incorporates several
predictors modeled as continuous variables to predict a particular
end point based on traditional statistical methods, such as multivari-
able logistic regression and Cox proportional hazards analysis.?®
Nomograms use continuous scales to calculate the continuous pro-
bability of a particular outcome. This obviates the effect of spectrum
bias that might be operational when predictors are stratified.
Spectrum bias consists of a forced central effect applied to the entire
range of observations that decrease within the limits of a given
category.

Nomograms are perfect examples of a predictive application that
allows a graphical representation of variable interactions and a depic-
tion of their combined effects. Nomograms provide superior indivi-
dualized disease-related risk estimations that facilitate patient
management-related decisions. Nomograms are the most accurate
and have the best discriminating characteristics with of the currently
available tools for predicting outcomes in patients with prostate
cancer.”

This study has several limitations. First, the data were collected from
a retrospective chart review. These clinical presentations or records
may not have been completely documented. Second, this was a single-
center study. Findings from our database may not be generalizable to
cohorts in other Chinese populations. Third, many more nomograms,
as well as improvements to existing nomograms, are needed. For
example, none of the nomograms predicts with perfect accuracy.
Novel biomarkers, larger data sets, better data collection methods
and more sophisticated modeling procedures are needed to improve

and our model) and other Western nomograms for predicting probability

Study Patients (n) Cancer rate (%) Validation —Mean age (year) Median PSA AUC for model (%) AUC for PSA (%)  Increase in AUC
(ngmi™1) vs. PSA alone (%)

Tang et al.*® 535 44.8 Internal 72 17.8 84.8 79.7 5.1

Our model 893 34.4 External 68.5 112 88.8 74.7 14.1

PCPT!® 5519 219 Internal >55 1.5 70.2 67.8 2.4

Hernandez et al.?° 1108 356 NA 63 5.4 66.7 61.9 4.8

Suzuki et al.* 834 289 NA 70 13.1 81.8 69.8 12.0

Park et al.?! 602 28.6 NA 66 6.77 72 66 6

Garzotto et al.'3 1239 24.3 Internal 66 5.10 73 62 11

Abbreviations: AUC, area under the curve; NA, not available; PCPT, Prostate Cancer Prevention Trial; PSA, prostate-specific antigen.

783

@ Asian Journal of Andrology



Chinese nomogram for prostate cancer biopsy
SC Kuo et al

784

predictive accuracy. Fourth, better accuracy might be achieved by
modeling physician or hospital-specific data, or both, for patients
being treated by that physician or at that hospital. Fifth, the current
study enrolled the patients with suspected prostate cancer whose total
PSA and positive DRE would be higher than the study enrolling
patients for routine screening.
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