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Objective: Preoperative nomograms can accurately predict the rate of biochemical recurrence
after radical prostatectomy. Although these nomograms were shown to be valid in several exter-
nal validation cohorts of Caucasian patients, they have not been validated in non-Caucasian
patients from Asian countries. We therefore validated these preoperative nomograms in a
Japanese cohort, using different cutoff values of prostate-specific antigen concentrations for
biochemical recurrence.
Methods: We analyzed 637 patients who underwent radical prostatectomy for clinically loca-
lized prostate cancer at the Tokyo Medical University Hospital between February 2000 and
January 2011. We evaluated two prostate-specific antigen cutoff values for biochemical recur-
rence, 0.2 and 0.4 ng/ml. Using c-index and calibration plots, we validated the previously devel-
oped Kattan and Stephenson nomograms.
Results: Overall, the mean 5-year non-biochemical recurrence rate was 72+ 4%. Using a
prostate-specific antigen cutoff values of 0.2 and 0.4 ng/ml, the c-indices for the Kattan nomo-
gram were 0.714 and 0.733. Similarly, using a prostate-specific antigen cutoff values of 0.2 and
0.4 ng/ml, the c-indices for the Stephenson nomograms were 0.717 and 0.671. The calibration
plots showed that the predictive value of the Stephenson nomogram at a prostate-specific
antigen cutoff of 0.2 ng/ml was close to the actual outcomes compared with other combinations
of nomograms and prostate-specific antigen cutoff levels.
Conclusions: Because the c-indices of both nomograms were generally high, these nomo-
grams can be applied to our cohort. The addition of biopsy information did not markedly
improve the c-index but resulted in good calibration, indicating that the Stephenson nomogram
may be a better fit for our patient cohort.
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INTRODUCTION

Prostate cancer is a male-specific cancer most frequently

detected in western countries, and its incidence has been in-

creasing in Japan (1–3). Prostate cancer was the ninth most

frequent cause of cancer-related deaths in males, but its

incidence rate was fourth and has been predicted to be second

in 2020 (1 – 3). The gold standard of treatment in Japan,

European countries, and the USA is radical prostatectomy

(RP). However, approximately one-third of the patients who

undergo RP, later experience prostate-specific antigen (PSA)
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recurrence; therefore, it is important to identify factors pre-

dictive of recurrence.

The first nomogram for the preoperative prediction of PSA

recurrence after RP (4) utilized standard preoperative factors,

including clinical T stage, Gleason score of biopsy samples

and serum PSA concentration. This nomogram was later

updated by the addition of biopsy features, including the

number of positive and negative biopsy cores (5).

Although nomograms may provide the most accurate pre-

dictions of recurrence, they must be validated in external

groups of patients with characteristics different from the ori-

ginal dataset. Although both nomograms have been validated

in patients from western countries, most of whom were

Caucasians (6–11), the increase in RP in Asian countries in-

cluding Japan makes the validation and/or development of

nomograms important in predicting patient outcomes. To our

knowledge, however, no validation study of these nomograms

has been performed in non-Caucasian patients from Asian

countries. We therefore sought to validate these preoperative

nomograms in a Japanese cohort, using different cutoff levels

of PSA to define biochemical recurrence (BCR).

PATIENTS AND METHODS

PATIENT SELECTION

The external validation population consisted of 637 patients

who underwent RP for T1-3N0M0 prostate cancer at the

Tokyo Medical University Hospital between February 2000

and January 2011. Patients who had neoadjuvant hormonal

therapy (n ¼ 102) or high-intensity focused ultrasound (n ¼ 1)

were excluded from the present study. Clinical T sub-stages

were determined by digital rectal examination, and it was

assigned according to the 2002 TNM staging system, and

pathology outcomes, such as pathological stage, the status of

surgical margins and Gleason score in RP specimens, were

obtained from the official pathology reports.

DATA COLLECTION FROM PREVIOUS NOMOGRAMS

We used the nomograms on the Memorial Sloan-Kettering

Cancer Center website to obtain the prediction values (12).

The preoperative nomograms developed by Kattan et al. (4)

and Stephenson et al. (5) were used to calculate the probability

that a patient would be free from BCR 5 years after RP.

Pretreatment disease variables used in the Kattan nomogram

include standard factors, such as serum PSA concentration,

primary and secondary Gleason grade on prostate biopsy and

clinical T stage. The Stephenson nomogram included these

standard factors, as well as the number of positive and nega-

tive biopsy cores.

STATISTICAL ANALYSIS

The time of BCR was defined as the earliest time after RP at

which the postoperative serum PSA concentration rose to

�0.2 or �0.4 ng/ml. The probability of remaining BCR free

was calculated by the Kaplan–Meier method. Five patients

were treated with adjuvant radiotherapy before the evidence

of PSA recurrence after RP, whose PSA recurrence day was

made into the day of operation. Factors predictive of BCR

were calculated using uni- and multivariate analyses in a Cox

proportional hazards model.

The validation procedure consisted of the calculation of

nomogram predictions for each patient and the comparison of

these results with actual outcomes, as determined by Harrell’s

concordance index (c-index) (13). Accuracy of calibration was

determined by plotting predicted versus actual probabilities of

freedom from BCR in groups of patients.

Statistical analyses were performed using STATA IC 11

(StataCorp., College Station, TX, USA), S-plus (Insightful

Corporation, Seattle, WA, USA) or open-source R statistical

software (R Development Core Team 2008) with Design

package added. Statistical significance was defined as a two-

sided P value of ,0.05.

RESULTS

Table 1 shows the clinical and pathological characteristics of

the 637 patients. At the time of RP, the median age was 66

years (range 46 – 81 years). More than 70% of the men had

non-palpable tumors (T1c). The median preoperative PSA

concentration level was 7.4 ng/ml (range 1.1–89.0 ng/ml). In

the analysis of prostatectomy specimens, the rate of positive

margins was high, i.e. 46%.

Using a PSA cutoff of 0.2 ng/ml, 169 (27%) patients

experienced BCR after RP, after a median follow-up of 44

months (range 1 – 136 months). The mean 5-year non-BCR

rate was 72+ 4% (Fig. 1).

Univariate analysis showed that all preoperative factors

were significantly predictive of BCR (Table 2). In multivariate

analysis, serum PSA concentration (P ¼ 0.003) and the

number of negative biopsy cores (P ¼ 0.002) remained sig-

nificant, and primary Gleason grade was close to significant

(P ¼ 0.054). Similar findings in both uni- and multivariate

analyses were observed using a PSA cutoff of 0.4 ng/ml.

In validating the Kattan preoperative nomogram, we found

that the c-indices using 0.2 and 0.4 ng/ml as PSA cutoff

values for recurrence were 0.714 and 0.733, respectively.

Using a PSA concentration of 0.2 ng/ml, the Kattan nomo-

gram markedly underestimated the actual outcomes (Fig. 2).

The predictive ability of the Kattan nomogram appeared to be

better when a PSA cutoff of 0.4 ng/ml was used, although

there was a trend toward overestimation in the range between

0.6 and 0.8 (Fig. 3).

Similarly, we validated the Stephenson preoperative nomo-

gram. The c-indices using PSA cutoff values of 0.2 and

0.4 ng/ml were 0.717 and 0.671, respectively. When a PSA

cutoff of 0.2 ng/ml was used, the predictions made by the

Stephenson preoperative nomogram were close to the actual

outcomes (Fig. 4). At PSA 0.4 ng/ml, however, the nomogram

markedly overestimated the actual outcomes (Fig. 5).
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DISCUSSION

The Kattan nomogram, a preoperative nomogram widely used

in urologic clinics throughout the world, was first described in

1998 (4). Since its predictive value and that of the Stephenson

nomogram are used to decide the optimal form of treatment

for individual patients, they must first be validated to deter-

mine whether the predicted outcomes are close to the actual

outcomes before their actual use. The validity of these nomo-

grams has been confirmed in several external validation

cohorts, consisting mostly of Caucasians, from the USA,

Europe and Australia (6–11). To the best of our knowledge,

however, there have been no validation studies in

non-Caucasians from Asian countries.

Since these nomograms were accurate in Caucasian popula-

tions, with c-indices between 0.67 and 0.83 (6 – 11), many

physicians considered that they were sufficiently accurate for

clinical use. Using the Kattan nomogram, we observed

c-indices of 0.714 and 0.733 as defining BCR for PSA cutoff

values of 0.2 and 0.4 ng/ml, respectively, suggesting that this

nomogram is reasonably accurate as a predictive model in our

population.

A c-index of the original Kattan nomogram was high, 0.79.

In the study by Kattan et al., a single expert pathologist graded

the prostate biopsies and a single physician performed all

digital rectal examinations and operated on all patients. In our

study, however, prostate biopsies were evaluated by several

pathologists and clinical T stage was decided by several

urologists. An evaluation of 1701 men from the Cancer of the

Prostate Strategic Urological Research Endeavor (CAPSURE)

dataset reported a c-index of 0.68, probably because of evalu-

ation by several specialists, not only one (6).

The differences in c-indices may also be due to the differ-

ences in clinical and pathological features of our patients com-

pared with patients in previous studies. Of our patients, 74%

had non-palpable cancer, compared with 15% in the study by

Kattan et al. and 52% in the study by Stephenson et al.

Moreover, the percentages of patients with the Gleason scores

of 8 to 10 in biopsy specimens were 25, 10 and 6%, respect-

ively. Naito et al. (14) developed the nomogram to predict

pathological stage using a large series of Japanese cohort and

compared it to the 2001 Partin tables (15–17). The cohorts of

Naito et al. and Partin et al. differed in terms of the area under

the curve in a receiver operating characteristics analysis for

predicting organ-confined prostate cancer. This difference

reflected not only ethnic and institutional differences between

cohorts, but also the upward shift in the Gleason score

because of its assessment according to the 2005 ISUP consen-

sus (18). In the present study, we could not analyze how the

modification of the 2005 ISUP affected on our cohort so that it

may also be factor to have a lower c-index. Further, Naito

et al. pointed out that the differences in the rate of positive

Figure 1. The Kaplan–Meier curve of biochemical recurrence (BCR), defined

as prostate-specific antigen (PSA) �0.2 ng/ml after radical prostatectomy (RP).

Table 1. Baseline demographic and clinical characteristics of the 637 patients

Variable Number %

Age (median) 46–81 (66)

Preoperative PSA level, ng/ml (median) 1.1–89.0 (7.4)

0.1–4.0 26 4

4.1–10.0 414 65

10.1–20.0 136 21

20.1–50.0 54 9

50.1– 7 1

Biopsy Gleason score

2–6 200 31

7 (3 þ 4) 151 24

7 (4 þ 3) 130 20

8–10 156 25

Clinical T stage

T1c 471 74

T2a 82 13

T2b 58 9

T2c 16 2

T3a 10 2

Total number of biopsy cores (median) 2–26 (15)

Number of positive biopsy cores (median) 1–12 (7)

Percent positive biopsy cores

,34% 420 66

34–50% 75 12

.50% 142 22

Number of negative biopsy cores (median) 0–23 (12)

Pathological stage

Organ confined disease, pT2 390 61

Extraprostatic extension, pT3a 189 30

Seminal vesicle invasion, pT3b 48 7

Lymph node metastasis, pNþ 10 2

Positive surgical margins 293 46

PSA, prostate-specific antigen.

Jpn J Clin Oncol 2013;43(12) 1257

D
ow

nloaded from
 https://academ

ic.oup.com
/jjco/article/43/12/1255/891766 by guest on 24 April 2024



Figure 2. Calibration curve for the Kattan preoperative nomogram in our

patient population, with biochemical failure defined as PSA �0.2 ng/ml.

Figure 3. Calibration curve for the Kattan preoperative nomogram in our

patient population, with biochemical failure defined as PSA �0.4 ng/ml.

Figure 4. Calibration curve for the Stephenson preoperative nomogram in

our patient population, with biochemical failure defined as PSA �0.2 ng/ml.

Figure 5. Calibration curve for the Stephenson preoperative nomogram in

our patient population, with biochemical failure defined as PSA �0.4 ng/ml.

Table 2. Cox proportional hazard models of factors predicting biochemical failure using a PSA cutoff value of 0.2 ng/ml

Variables Univariate Multivariate

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Preoperative PSA, ng/ml 1.02 (1.01–1.04) ,0.001 1.01 (1.00–1.03) 0.003

Biopsy primary Gleason grade 1.55 (1.19–2.00) 0.001 1.31 (0.99–1.72) 0.054

Biopsy secondary Gleason grade 1.33 (1.04–1.70) 0.019 1.17 (0.90–1.52) 0.216

Clinical T stage 1.31 (1.11–1.55) 0.001 1.03 (0.85–1.26) 0.703

Number of positive biopsy cores 1.08 (1.01–1.16) 0.025 0.93 (0.84–1.03) 0.174

Number of negative biopsy cores 0.88 (0.84–0.93) ,0.001 0.89 (0.82–0.95) 0.002

CI, confidence interval.
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surgical margins, which may represent the level of surgical

skill may result in the different outcomes. The rate of positive

surgical margin in the present study was high, 46%, which

was .37 and 15% in the studies by Naito et al. and Kattan

et al., respectively. It is possible that the presence of positive

margins may result in a higher BCR even if there are no evi-

dence of extraprostatic extension at the sites of surgical

margins (19) so that it may affect the ability to predict BCR.

Also, this high rate of positive margins may make the true rate

of extracapsular extension lower so that it may also obscure

the ability to predict the pathological stage (14).

Since outcomes differed by endpoint, the definition of BCR

could be altered by choosing a different PSA cutoff level.

Because the previous nomograms used PSA of 0.4 ng/ml as a

cutoff and we have used PSA of 0.2 ng/ml in daily practice,

we questioned how PSA cutoff levels affect validation. We

found that, although the c-indices that represent the descrip-

tive ability of the models were similar, the calibration plots

were markedly different. An analysis of data from more than

30 community-based urology practices using these two PSA

cutoff values reported that the c-indices at 0.2 and 0.4 ng/ml

were 0.68 and 0.71, respectively, suggesting that changing the

definition of BCR did not change the c-index (6). That study,

however, failed to show the calibrations. In contrast, we con-

firmed that calibrations between predicted and actual out-

comes are mandatory for actual use of these nomograms in

individual patients.

The descriptive ability of the predictive models may be

improved by including new markers. We initially expected

that the addition of biopsy information to the standard vari-

ables would significantly enhance the prediction of BCR

against the previous report (20). We found the similar result

that the inclusion of the number of negative or positive biopsy

cores did not enhance the predictive ability of the nomogram

in our cohort, although the number of negative biopsy cores

was an independent predictor of BCR. However, the inclusion

of biopsy information may help to make the predicted values

closer to the actual outcomes (Fig. 4). We therefore felt that

the Stephenson nomogram may be a better fit for our patient

cohort. Nevertheless, this may or may not be true for other

Japanese cohort, so that it is better for each institution to valid-

ate the previous nomograms. In the literatures, many investi-

gators indicated that the inclusion of magnetic resonance

imaging (MRI) information in addition to the standard clinical

information may help to improve the prediction of BCR

(21–23), while the interpretation of MRI findings is sometime

subjective and is not easy. Thus, we need to make an effort to

involve the imaging study such as MRI into a nomogram and

to search a new marker to predict BCR, which should be

readily available at clinic as well.

CONCLUSION

We found that the preoperative nomograms devised by Kattan

et al. and Stephenson et al. are useful in predicting BCR in

Japanese patients who were treated with RP. However, it is

mandatory to calibrate the nomograms to know the tendency

of under- or over-estimation before we provide the actual pre-

dictions to the patients.
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