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External validation of the Prostate Cancer Prevention Trial
and the European Randomized Study of Screening for
Prostate Cancer risk calculators in a Chinese cohort

Yao Zhu1,2,*, Jin-You Wang1,2,*, Yi-Jun Shen1,2, Bo Dai1,2, Chun-Guang Ma1,2, Wen-Jun Xiao1,2, Guo-Wen Lin1,2,
Xu-Dong Yao1,2, Shi-Lin Zhang and Ding-Wei Ye1,2

Several prediction models have been developed to estimate the outcomes of prostate biopsies. Most of these tools were designed for use

with Western populations and have not been validated across different ethnic groups. Therefore, we evaluated the predictive value of

the Prostate Cancer Prevention Trial (PCPT) and the European Randomized Study of Screening for Prostate Cancer (ERSPC) risk

calculators in a Chinese cohort. Clinicopathological information was obtained from 495 Chinese men who had undergone extended

prostate biopsies between January 2009 and March 2011. The estimated probabilities of prostate cancer and high-grade disease

(Gleason .6) were calculated using the PCPT and ERSPC risk calculators. Overall measures, discrimination, calibration and clinical

usefulness were assessed for the model evaluation. Of these patients, 28.7% were diagnosed with prostate cancer and 19.4% had

high-grade disease. Compared to the PCPT model and the prostate-specific antigen (PSA) threshold of 4 ng ml21, the ERSPC risk

calculator exhibited better discriminative ability for predicting positive biopsies and high-grade disease (the area under the curve was

0.831 and 0.852, respectively, P,0.01 for both). Decision curve analysis also suggested the favourable clinical utility of the ERSPC

calculator in the validation dataset. Both prediction models demonstrated miscalibration: the risk of prostate cancer and high-grade

disease was overestimated by approximately 20% for a wide range of predicted probabilities. In conclusion, the ERSPC risk calculator

outperformed both the PCPT model and the PSA threshold of 4 ng ml21 in predicting prostate cancer and high-grade disease in Chinese

patients. However, the prediction tools derived from Western men significantly overestimated the probability of prostate cancer and

high-grade disease compared to the outcomes of biopsies in a Chinese cohort.
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INTRODUCTION

Prostate cancer is the second most frequently diagnosed cancer among

men worldwide, with an estimated 914 000 new cases in 2008.1 There

are, however, striking geographical variations in the incidence rates of

prostate cancer globally. For instance, the recorded rate (per 100 000)

of US blacks is 178.8, which represents a 25-fold increase compared to

the rate of prostate cancer in Shanghai (6.9).1 One important reason

for the large difference in prostate cancer incidence is the widespread

use of prostate-specific antigen (PSA) testing in Western countries.2,3

In addition, accumulating evidence suggests that differences in life-

style and genetic susceptibility are largely responsible for the observed

regional/ethnic differences in prostate cancer risk.4

PSA has been commonly used by clinicians to estimate the prob-

ability of prostate cancer and to counsel patients regarding subsequent

biopsies. However, the appropriate PSA threshold above which fur-

ther evaluation with a biopsy of the prostate should be recommended

to exclude prostate cancer remains controversial.5–7 PSA levels are a

continuous parameter, so the higher the PSA value is, the higher the

risk of prostate cancer. To overcome the drawbacks of PSA testing,

several prediction models have been developed to assist in better risk

classification. In 2006, investigators from the Prostate Cancer

Prevention Trial (PCPT) reported a risk calculator based on age, race,

PSA, digital rectal examination (DRE), family history and the history

of a previous negative prostate biopsy.8 Similarly, the European

Randomized Study of Screening for Prostate Cancer (ERSPC) section

in Rotterdam constructed another risk calculator that includes PSA,

DRE, transrectal ultrasound (TRUS) findings and prostate volume.9

The performance of these two risk calculators in Western populations

has been assessed by external validation.10–13 However, the usefulness

of these prediction tools in the Chinese population remains undefined.

To evaluate this, we identified a cohort of patients who had undergone

systematic prostate biopsies with a minimum of 10 cores at our
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institution. The predictive value of these two risk calculators was then

externally validated and compared according to the standard frame-

work.14

MATERIALS AND METHODS

Patient population and risk calculations

We retrospectively reviewed the medical records of patients who had

undergone TRUS-guided prostate biopsies at Fudan University

Shanghai Cancer Center between January 2009 and March 2011. The

indications of prostate biopsy were a PSA level greater than 4 ng ml21

and/or suspicious results from a DRE or a TRUS. Of 609 assessable

patients, 114 were excluded because of extreme variables (PSA level

.50 ng ml21 or prostate volume .150 ml) or rare types of prostate

cancer. Therefore, a total of 495 cases, including 402 initial biopsies and

93 repeat biopsies, were available for further analysis. Initial biopsies

and repeat biopsies were performed according to the institution’s pro-

tocol with a minimum of 10 and 12 cores, respectively. All specimens

were independently evaluated by two genitourinary pathologists for

diagnoses and Gleason scores.

Two formulas from PCPT to predict the probability of prostate

cancer and high-grade disease (Gleason .6) were obtained from the

authors’ web site.8 Individual risk estimations using the ERSPC model

were calculated using online calculators 3 and 5 for patients under-

going initial biopsies and repeat biopsies, respectively.9 Variables were

coded and transformed according to the requirements of the ERSPC

and PCPT risk calculators. To better define the value of the risk cal-

culators, PSA levels were used as a reference prediction tool in the

analyses.

This study was approved by the institutional review board, and

written inform consent was obtained from each patient.

Statistical analyses

Descriptive statistics of the cohort were reported and compared to

those of the datasets used to develop the risk calculators.

Multivariate logistic regression analyses were carried out to assess

the predictive variables. For high-grade disease, a multinomial model

was applied with three potential outcomes—no cancer, low-grade

cancer and high-grade cancer. The performance of each risk calculator

was evaluated statistically on the basis of its discrimination, calibration

and clinical usefulness.14 The area under the receiver operating char-

acteristic (ROC) curve was used to compare the ability to discriminate

between patients with prostate cancer from those without prostate

cancer. The comparisons of the areas under the curve (AUCs) were

made using the method of DeLong et al.15 Calibration refers to a

measure of the level of agreement between the observed outcomes in

the validation cohort (n5495) and the predicted probabilities calcu-

lated using the risk calculators. The extent of over/underestimation

comparing the observed rates to the predicted rates was explored

graphically using calibration plots. Calibration-in-the-large was eva-

luated by fitting a logistic regression model with the predictions of the

model as an offset variable. The intercept, which ideally should be zero,

indicates whether the predictions were systematically too low or too

high. The calibration slope reflects the average effects of the predictors

in the model and was estimated in a logistic regression model with the

logit of the model predictions as the only predictor. For a perfect

model, the slope would be equal to 1. Clinical utility was assessed using

decision curve analyses.16 These analyses estimate the ‘net benefit’ of

prediction models by summing the benefits (true-positive biopsies)

and subtracting the negative outcomes (false-positive biopsies). The

latter are weighted by a factor related to the relative harm of a missed

cancer diagnosis versus an unnecessary biopsy. The weighting is

derived from the threshold probability of prostate cancer at which a

patient would opt for a biopsy, which can vary from patient to patient.

When interpreting decision curves, the model with the highest net

benefit at a particular threshold probability should be chosen. For

all analyses, two-sided P values ,0.05 were considered to be statist-

ically significant. Statistical analyses were performed using R 2.13.0

software (R Foundation for Statistical Computing, Vienna, Austria).17

RESULTS

Table 1 shows the clinicopathological characteristics of the partici-

pants enrolled in the current study and those from the ERSPC and

PCPT datasets8,9 (Roobol MJ, pers. commun.). The age distributions

were similar among the three patient cohorts. The study population

from our institution, however, had the highest median PSA levels. The

differences in baseline characteristics were the most obvious between

patients from our cohort and those from the PCPT study. Men who

were referred to our centre seldom had a family history of prostate

cancer but had a high probability of abnormal DRE findings.

Multivariate logistic regression analyses of predictors were per-

formed for biopsy outcomes (Table 2). Because of its extremely low

prevalence (0.6%), family history was not included as a prognostic

factor in this cohort. Statistical analyses revealed that age, PSA levels,

prostate volume and abnormal DREs were significant prognostic fac-

tors for prostate cancer and high-grade disease.

External validations of the ERSPC and PCPT risk calculators were

performed according to a recently described framework.14 First, the

detailed performance statistics of each prediction model were assessed

(Table 3). Second, the ROC curves of the risk calculators and the

4 ng ml21 PSA threshold were compared. Various cut-offs and their

corresponding test sensitivities and specificities were listed for the con-

venience of clinical practice. Third, calibration plots were drawn to

demonstrate the discrepancies between the predicted and the observed

probabilities over from 0% to 100%. Finally, the clinical utility of the

prediction models was assessed using decision curve analysis. The net

benefit and net reduction of each model at various thresholds was

calculated by subtracting that of the traditional PSA cut-off.

In this cohort, the AUC for PSA to discriminate any prostate cancer

and high-grade disease were 0.75 (0.70–0.80) and 0.75 (0.69–0.81),

respectively. For estimating the probability of a positive biopsy, the

ERSPC risk calculator exhibited a higher AUC than either the PCPT

model or the PSA threshold of 4 ng ml21 (both P,0.01, as shown in

Figure 1a). However, the calibration plots of the two models were far

from ideal (Figure 2a and b). The risk of malignant disease was over-

estimated by more than 20% for predicted probabilities between 40%

and 80%. The decision curve analysis indicated that the ERSPC model

outperformed both the PCPT model and the PSA criterion (Figure 3a

and b). Similarly, the ERSPC model also showed better discriminative

ability (both P,0.01, as shown in Figure 1b) and clinical usefulness

(Figure 3c and d) than both the PCPT model and the PSA criterion in

predicting high-grade cancer. However, the predicted probabilities

provided by the two models were approximately 20% higher than

the observed frequency in a wide range of patients (Figure 2c and d).

DISCUSSION

By incorporating several predictors, the ERSPC and PCPT risk calcu-

lators were developed to facilitate making appropriate decisions

regarding prostate biopsies.8,9 The two prediction models have been

previously applied to Western populations,10–13 but their perform-

ance in Chinese men had been unknown. The objective of this study
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was to externally validate the ERSPC and PCPT risk calculators in a

Chinese cohort referred to a regional cancer centre. For predicting the

risk of positive biopsy, the ERSPC model showed better discriminative

ability and clinical utility than the PCPT risk calculator and the use of

PSA levels alone. However, the prediction tool strongly overestimated

the probability of prostate cancer in the study cohort. Similar findings

were observed after applying the two models for estimating the pro-

bability of high-grade disease.

Ethnic variation is an important determinant of the incidence and

characteristics of prostate cancer.4 The standardized incidence (per

100 000 individuals) of prostate cancer reported between 2003 and

2007 was 230 for African American men and 81 in Asian American and

Pacific Islander males.18 Even among Asian Americans, the incidence

of prostate cancer varies greatly, with the highest rate observed in

Filipinos and the lowest in Koreans.19 Although PSA screening mark-

edly influences the incidence of prostate cancer, it cannot account for

all of the discrepancies between different ethnical groups. We found

the frequency of prostate cancer in radical cystoprostatectomy speci-

mens to be only 3.3% (3/92) in Chinese men, which is much lower

than that reported in Western countries.20 A recent study provided

further evidence about distinctive genomic alterations between

prostate cancers in individuals from Chinese men and men from

Western populations. Certain somatic genomic changes that are com-

monly found in Western cases are only rarely observed in Chinese

patients.21 Different carcinogenic mechanisms may subsequently

affect prostate cancer disease characteristics and warrant the ethnic-

based management of prostate cancer.

Recently, Yoon et al.22 validated the ERSPC risk calculator 3 in 602

Korean patients. The observed AUC was 0.88 (95% confidence inter-

val (CI): 0.86–0.90), but the calibration plot showed remarkable mis-

calibration: the predicted probabilities were nearly 20% higher than

the observed frequency for predictions from 30% to 90%.22 Similar to

these previous findings, we found that the prediction models derived

from Western patients overrated the probability of prostate cancer and

high-grade disease by approximately 20%. Because we used an

extended 10 core biopsy in all patients, the observed overestimation

of risk is unlikely to be due to missed cancer diagnoses by biopsies.

Several reasons may account for the low probability of prostate cancer

in this study cohort. First, although age, PSA level, prostate volume

and DRE were identified as independent prognostic factors in both the

validation and development sets, the strength of these associations

may vary in different settings. In the ERSPC study, the effect of PSA

levels on biopsy outcomes was greater under the 3 ng ml21 threshold

than at PSA levels above 3 ng ml21.23 Furthermore, both TRUS and

DRE significantly increased the detection rate of prostate cancer in

subjects with PSA levels below 4 ng ml21.24,25 In our series, multi-

variate analysis demonstrated that the odds ratios of PSA and prostate

volume were 4.09 and 0.17, respectively. In contrast, the effect mea-

sures of PSA and prostate volume in the ERSPC study were 42.8 and

0.02, respectively.23 Therefore, the risk calculators derived from

screening datasets may overestimate the effects of prognostic factors

when applied to men with elevated PSA levels. Second, the diagnostic

characteristics of the assessed predictors exhibited significant

variation between different ethnic groups. Using a PSA level of

4.1 ng ml21 as the threshold for biopsy, the sensitivity and the specifi-

city of the test were 35% and 88%, respectively, in men over 60 years of

age from a North American cohort.5 However, similar criteria resulted

Table 1 Descriptive data of the study cohort and the datasets used to develop the ERSPC and PCPT risk calculators

Study cohort ERSPC PCPT

Number 495 3624 5519

Age, mean6s.d., (year) 66.169.2 65.565.4 NA

Age, No. (%)

,55 years 50 (10.1) 0 (0) 0 (0)

55–59 years 56 (11.3) 708 (19.5) 38 (0.7)

60–64 years 102 (20.6) 919 (25.4) 1143 (20.7)

65–69 years 100 (20.2) 1138 (31.4) 1741 (31.5)

o70 years 187 (37.8) 859 (23.7) 2597 (47.1)

Family history, No. (%) 3 (0.006) 304 (8.4) 920 (16.7)

5-a reductase, No. (%) 17 (3.4) NA NA 0 (0)

PSA level, median (25–75 percentile) (ng ml21) 10.2 (6.76–18.53) 4.3 (3.1–6.4) 1.5

PSA level, No. (%)

f4 ng ml21 36 (7.3) 1613 (44.5) 4888 (88.6)

.4 ng ml21 459 (92.7) 2011 (55.5) 631 (11.4)

Volume, median (25–75 percentile) (ml) 42.8 (30.5–61) 41 (32–55) NA

Abnormal DRE, No. (%) 169 (34.14) 1284 (35.4) 551 (10.0)

Abnormal TRUS, No. (%) 193 (38.99) 1233 (34.0) NA

Prior biopsy, No. (%) 93 (18.79) NA 646 (11.7)

Prostate cancer, No. (%) 142 (28.69) 893 (24.6) 1211 (21.9)

High grade cancer (Gleason .6), No. (%) 96 (19.39) NA 257 (4.7)

Abbreviations: DRE, digital rectal examination; ERSPC, European Randomized Study of Screening for Prostate Cancer; NA, not available; PCPT, Prostate Cancer Prevention

Trial; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.

Table 2 Multivariate logistic regression analysis of predictors of

biopsy outcomes

Variables

Prostate cancer High-grade disease

Odds

ratio

95% CI P value Odds

ratio

95% CI P value

Ln(age) 1.91 1.34–2.72 0.0003 1.73 1.25–2.40 0.001

Ln(PSA) 4.09 2.77–6.04 ,0.0001 3.82 2.66–5.48 ,0.0001

Ln(volume) 0.17 0.11–0.27 ,0.0001 0.21 0.14–0.32 ,0.0001

DRE 3.55 2.05–6.16 ,0.0001 3.75 2.25–6.24 ,0.0001

TRUS 1.41 0.82–2.42 0.217 1.33 0.80–2.20 0.277

Prior biopsy 0.99 0.52–1.92 0.986 0.79 0.43–1.45 0.451

Abbreviations: CI, confidence interval; DRE, digital rectal examination; Ln, natural

logarithm; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.
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in a sensitivity of 96% and a specificity of 14% in a cohort of 1236

Chinese patients.6 From a mass screening study of Chinese indivi-

duals, Gao et al.26 reported that the detection rate of prostate cancer

was 14.8% in the PSA range of 4–10 ng ml21 and 29% in the PSA range

of 10–20 ng ml21. In contrast, similar criteria yielded an approxi-

mately twofold increase in the probability of prostate cancer in

Americans.27 A similar phenomenon was observed for abnormal

DRE results: 52% of white, 58% of black and 34% of Asian/Pacific

Islander men had a positive biopsy, which corresponds to an approxi-

mately 40% lower rate in Asians/Pacific Islanders when compared to

white or black men.28 The difference was more prominent in men with

PSA levels less than 10 ng ml21 and abnormal DRE findings. Indeed, in

these individuals, the rate of prostate cancer diagnosis was 42.8%,

52.0% and 13.5% for white, black and Asian/Pacific Islander men,

respectively.28 Finally, the prognostic significance of PSA levels and

DRE results may be limited in Chinese patients. Because PSA screen-

ings are largely unavailable in China, many referral patients may have a

history of chronic inflammation or benign prostate hyperplasia that

subsequently results in elevated PSA levels and potentially contributes

to abnormal DRE results.

Several studies have reported conflicting results. For example, Ito et al.29

had reported the probability of prostate cancer in a Japanese screening

cohort that was observed over a 4-year period. Only men between the ages

of 55 and 74 who had PSA levels less than 4 ng ml21 and did not exhibit

abnormal DRE results were initially enrolled. Interestingly, Ito et al.29

found a similar risk of developing prostate cancer as that reported in

Table 3 Assessments of the performance of the ERSPC and PCPT risk calculators in Chinese patients (n5495)

Performance measures
Prostate cancer High-grade disease

ERSPC PCPT ERSPC PCPT

Overall

R2 (Nagelkerke) 39.8% 29.1% 38.5% 30.6%

Discrimination

AUC (95% CI) 0.831 (0.790–0.872) 0.783 (0.737–0.830) 0.852 (0.807–0.897) 0.813 (0.764–0.862)

Discrimination slope 0.294 0.111 0.433 0.280

Calibration

Predicted outcome (%) 46 59 32 33

Observed outcome (%) 29 29 19 19

Calibration-in-the-large (95% CI) 21.764 (22.073, 21.455) 21.107 (21.353, 20.860) 21.145 (21.412, 20.877) 20.939 (21.195, 20.683)

Calibration slope (95% CI) 1.402 (1.104, 1.700) 0.873 (0.707, 1.039) 0.748 (0.596, 0.901) 1.051 (0.818, 1.283)

Hosmer–Lemeshow test x25227.047, P,0.001 x25108.517, P,0.001 x25105.403, P,0.001 x2560.413, P,0.001

Abbreviations: AUC, area under the curve; CI, confidence interval; ERSPC, European Randomized Study of Screening for Prostate Cancer; PCPT, Prostate Cancer Prevention

Trial.

Figure 1 ROC curves of the risk calculators and the PSA threshold of 4 ng ml21 for prostate cancer (a) and high-grade disease (b) in the validation cohort (n5495).

Pairwise comparisons of ROC curves are shown in the bottom-right corner of the figure. The table displays the sensitivity and specificity of each risk calculators at

different cut-offs. For example, using the ERSPC risk calculator in this cohort, a cut-off of 30% corresponds to a sensitivity of 89.4% and a specificity of 49.0% in

detecting prostate cancer. ERSPC, European Randomized Study of Screening for Prostate Cancer; PSA, prostate-specific antigen; ROC, receiver operating char-

acteristic.
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the ERSPC study after adjusting for initial PSA levels. However,

because of the relatively short follow-up period (4 years) of Ito et

al. ’s study, it is likely that their results actually reflect the prob-

ability of active prostate cancers becoming clinically detectable. As

revealed by autopsy studies, the actual prevalence of prostate cancer

is strikingly lower in Asian areas than in other parts of the

world.30,31 Furthermore, the characteristics of the enrolled subjects

varied between the Japanese and the Rotterdam cohort: 49.8% of the

men in the Japanese study had initial PSA levels below 1 ng ml21,

compared to only 25.9% for individuals from the Rotterdam cohort.29

It is therefore difficult to observe significant differences between

these relatively low-risk groups given the relatively short follow-up

period.

Our results indicate that the ERSPC risk calculator exhibits

superior discrimination and calibration than the PCPT model.

One potential explanation for this observation is that the ERSPC

model includes more predictive prognostic factors, such as prostate

volume and TRUS findings. In contrast, the inclusion of family

history did not enhance the predictive ability of the PCPT risk

calculator, because only three patients from our cohort had a pos-

itive family history. This finding is similar to that from another

population-based study in Shanghai, in which none of the 238

subjects reported a family history of prostate cancer.32 Further-

more, the study population used to develop the PCPT risk cal-

culator was quite different from our cohort. For instance, the per-

centage of men with PSA levels above 4 ng ml21 was 92.7% in our

study but only 11.4% in the PCPT cohort. Therefore, the observed

lack of predictive ability may be largely due to the significant dif-

ferences in patient characteristics between the population used to

develop the PCPT risk calculator and the current cohort.

Our study had several limitations. First, because the variables and

outcomes were retrospectively collected from a tertiary cancer centre,

the results may have been influenced by the heterogeneity of patients,

tumours and biopsy techniques. Second, most (92.7%) of the indivi-

duals enrolled in this study exhibited PSA values greater than 4 ng ml21.

Thus, the performance of these risk calculators in Chinese men under-

went PSA screen remains to be determined. Furthermore, the long-term

outcomes of these risk calculators in Chinese prostate cancer patients

should be determined because of possible distinctive disease character-

istics observed in this population. Nevertheless, our study may provide

a key step towards understanding the optimal prostate cancer manage-

ment strategies in different ethnic groups.

In conclusion, compared to the PCPT risk calculator, the ERSPC

model exhibited better discriminative ability for prostate cancer and

high-grade disease in Chinese patients. However, the two prediction

tools significantly overestimated the probability of biopsy outcome by

approximately 20%. The underlying variations in carcinogenesis path-

ways between different ethnic groups require further investigation.
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