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The effectiveness of the TAX 327 nomogram in predicting
overall survival in Chinese patients with metastatic
castration-resistant prostate cancer

Xiao-Jie Bian1,2,*, Yao Zhu1,2,*, Yi-Jun Shen1,2, Jin-You Wang1,2, Chun-Guang Ma1,2, Hai-Liang Zhang1,2,
Bo Dai1,2, Shi-Lin Zhang1,2, Xu-Dong Yao1,2 and Ding-Wei Ye1,2

Based on the results of TAX 327, a nomogram was developed to predict the overall survival of metastatic castration-resistant prostate

cancer (mCRPC) after first-line chemotherapy. The nomogram, however, has not been validated in an independent dataset, especially

in a series out of clinical trials. Thus, the objective of the current study was to validate the TAX 327 nomogram in a community setting in

China. A total of 146 patients with mCRPC who received first-line chemotherapy (docetaxel or mitoxantrone) were identified. Because

clinical trials are limited in mainland China, those patients did not receive investigational treatment after the failure of first-line

chemotherapy. The predicted overall survival rate was calculated from the TAX 327 nomogram. The validity of the model was assessed

with discrimination, calibration and decision curve analysis. The median survival of the cohort was 21 months (docetaxel) and 19

months (mitoxantrone) at last follow-up. The predictive c-index of the TAX 327 nomogram was 0.66 (95% CI: 0.54–0.70). The

calibration plot demonstrated that the 2-year survival rate was underestimated by the nomogram. Decision curve analysis showed a net

benefit of the nomogram at a threshold probability greater than 30%. In conclusion, the present validation study did not confirm the

predictive value of the TAX 327 nomogram in a contemporary community series of men in China, and further studies with a large sample

size to develop or validate nomograms for predicting survival and selecting therapies in advanced prostate cancer are necessary.
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INTRODUCTION

Prostate cancer (PCa) is the most common cancer and the second

leading cause of cancer death in men, with an expected 28 170 deaths

in 2012 in the United States (American Cancer Society, 2012). Until

2007, the incidence and mortality rates of PCa were lower in mainland

China than in Western countries. However, PCa-specific mortality has

continued to rise.1 Currently, advanced or metastatic prostate cancer

remains incurable, and androgen ablation could promise men with this

disease a median progression-free time of 2 years.2 The duration from

the first documented prostate-specific antigen (PSA) rise in the non-

metastatic castrate state to the terminal phase has been further extended

to approximately 5 years. However, patients with progressive metastatic

(radiographic detected) castration-resistant prostate cancer (mCRPC)

have a worse prognosis, which is associated with a shorter survival time.3

The development of docetaxel-based chemotherapy has led to a

milestone for the treatment of mCRPC, with an increased overall

survival ranging from 17 to 21 months.4–6 Although there are emer-

ging treatment options for patients with mCRPC,7 docetaxel is still the

first-line treatment in mainland China. In patients in the mCRPC

stage, there is great interest in more accurately identifying patients

who will benefit from chemotherapy. There are several factors that

are suggested to correlate with overall survival, such as baseline PSA,

lactate dehydrogenase, visceral disease, alkaline phosphatase, PSA

doubling time, Gleason score, baseline pain status and cycles of

chemotherapy.6,8–11 Those predictors of overall survival have been

explored in both univariate and multivariate analysis in different mo-

dels. The interplay between those factors is not linear, and the predic-

tive accuracy is varied. To optimize the efficiency of these parameters,

a nomogram, classification and regression tree analyses and risk group

stratification models have been constructed based on these para-

meters. Of these models, nomograms present higher accuracy and

have better performance characteristics than other alternatives.12

Some nomograms have been developed for phase III clinical

trials evaluating cytotoxic chemotherapy to stratify risk groups.13,14

However, the patients included did not receive docetaxel-based the-

rapy. Armstrong et al developed a novel nomogram that predicted the

1-, 2- and 5-year survival of mCRPC patients treated with docetaxel-

based chemotherapy rooted in the TAX327 database. When adding

clinical features, the model showed an area under the curve of 0.69 in

the development cohort.15
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The challenge of nomograms is that they are frequently based on a

retrospective analysis with a certain group of patients. Before these

encouraging findings can be used in routine clinical practice, they

must be validated in an external unrelated cohort. Thus, we assessed

the predictive ability of the established nomogram in a relatively small

Chinese cohort of mCRPC patients after first-line chemotherapy with

long-term follow-up.

MATERIALS AND METHODS

Study population

Between 2006 and 2011, a patient cohort with evidence of mCRPC

from the Department of Urology at Fudan University Shanghai

Cancer Centre was used to evaluate the validity of the TAX327

nomogram. The patients were administered docetaxel plus prednis-

one every 3 weeks or mitoxantrone plus prednisone every 3 weeks.

Briefly, men were eligible if they had documented metastatic pro-

static adenocarcinoma in the face of castrate levels of serum tes-

tosterone (,50 ng ml21) and evidence of progression, as defined by

clinically or radiographically measurable disease or increasing

serum levels of PSA on three consecutive measurements obtained

at least 1 week apart. Because clinical trials are limited in mainland

China, those patients did not receive investigational treatment after

the failure of first-line chemotherapy. The main end point of this

analysis was overall survival, as defined by the time from enrolment

to death. Patients who were alive as of the cutoff date were admin-

istratively censored, whereas patients lost to follow-up were cen-

sored at the time of the last follow-up. An approved and signed

Institutional Review Board informed consent form was obtained

from all participants.

Nomogram

The TAX327 nomogram (Figure 1) was originally developed and

validated internally to predict 1-, 2- and 5-year cancer-specific survival

using bootstrap methods with a concordance index (c-index) of 0.69.

The variables required for the nomogram were collected, and detailed

coefficients of each parameter were provided by Dr Armstrong and his

college for validation.

Statistical analysis

Cox proportional hazards assumptions were measured with Scho-

enfeld residual analysis for univariate and multivariate analysis at a

level of significance of 0.05. Comparisons of baseline characteristics

were performed using 95% confidence intervals (95% CIs) and t-test

statistical analysis.

To validate the nomogram externally, the c-index was estimated to

calculate an unbiased measure of the predictive ability to discriminate

among patients. In a binary outcome, the c-index is analogous to the

area under a receiver-operating characteristic curve, which plots the

sensitivity (true positive rate) against 1-specificity (false positive rate)

for consecutive cutoffs to measure the discrimination ability of the

models.16–18 Furthermore, the area under the curve 95% CI of the c-

index value, calculated by bootstrapping using 200 resamples, was

used to determine discrimination ability. Moreover, we constructed

calibration plots of the TAX327 nomogram in which the x-axis repre-

sented the predicted probability, and the y-axis represented the

observed probability of 1- and 2-year survival. Clinical usefulness

was assessed by decision curve analysis to estimate a net benefit for

prediction models by summing the benefits and deducting the harms.

It measures the probability of concordance between predicted

receiver-operating characteristic curves that consider the full range

Figure 1 Nomogram for estimating the 1-, 2- and 5-year cancer-specific survival of mCRPC patients treated with Chemotherapy. To use the nomogram, determine the

points assigned for each predictor variable on a scale of 0–100 and sum the points for each predictor. After that, locate this sum on the total points axis and draw a

straight line downward from the total points axis to identify the predicted overall survival probabilities.
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of cutoffs rather than a single cutoff for a sensitivity/specificity

pair.19,20 Statistical analyses were performed using R 2.13.0. All calcu-

lated P values were two sided, and P,0.05 was considered statistically

significant.

RESULTS

Patient characteristics

A total of 146 mCRPC patients who were treated with chemotherapy

in 2006–2011 were included in the validation data set. Of these, 95

patients received docetaxel-based chemotherapy and 51 received

mitoxantrone-based chemotherapy. The baseline characteristics are

listed in Table 1. In the validation cohort, a higher rate of high

Gleason Score, lower level of PSA and less progression of bone meta-

stasis at baseline were identified.

In univariate Cox proportional hazards analysis (Table 2), perfor-

mance status, baseline pain score and presence of visceral metastases

showed a significant association with overall survival. The variables with

the greatest risk of death included liver metastases (hazard ratio (HR):

2.87), baseline alkaline phosphatase (HR: 1.86), presence of visceral

metastases (HR: 1.82) and metastatic sites involved (HR: 1.77). In multi-

variate Cox proportional hazards analysis, liver metastases (HR: 33.19;

P50.001) and significant baseline pain (HR: 1.47; P50.002) were

screened as independent prognostic factors. Due to colinearity with liver

metastasis and a weaker prognostic ability, sites of liver metastasis were

dropped from the multivariate model. Additional factors were not

entered due to lack of a significant prognostic effect.

Survival

There were 97 deaths among a total of 146 patients (66.4%) and 2544

person-months of follow-up, with the longest time to death being 48

months during follow-up. The median survival of the cohort was 21

months and 19 months (docetaxel and mitoxantrone, respectively) at

the last follow-up in June 2012. The cumulative 1-, 2- and 5-year

disease-specific survival rates in the cohort were 75%, 32% and 6%,

respectively. The median survival period of all patients was 20.3

months (range: 4–48 months).

Evaluation of the predictive accuracy

A total of 200 bootstrap resamples were used for external validation of

the accuracy evaluation and to reduce overfit bias, and this gave a

predictive accuracy of 0.66 (95% CI: 0.54–0.70) (Figure 2). The

calibration plot of the TAX327 nomogram demonstrated that the pre-

dicted probability of cancer-specific survival after 1 year was consistent

with the actual probability. However, the predicted probability of cause-

specific survival after 2 years was underestimated, as shown by the

logistic calibration curve, which had important departures from ideal

Table 1 Baseline charactics of patients who underwent chemothe-

rapy with a total number of 146

Docetaxel q3w Mitoxantrone

q3w

p

No. randomized 95 51

Age 0.461

Median (year) 69 69

Range (year) 50–82 50–82

o75 year (%) 25 16

Gleason score (%) 0.884

f7 19 29

8–10 55 51

Not available 26 20

Prior local therapy (%) 6 20 0.015

KPS score f70 (%) 27 25 0.802

Pain at baseline(%) 53 63 0.242

Serum PSA 0.200

Median (ng ml21) 90.31 100.86

o20 ng ml21 (%) 78 82

Extent of disease (%)

Bone metastases 84 90 0.318

Visceral disease 18 6 0.308

Measurable lesions 36 27 0.308

Evidence of progression at entry (%)

Bone scan 15 8 0.100

Measurable lesions 9 8 0.742

Increased PSA 76 84 0.288

Abbreviations: KPS, Karnofsky performance status; PSA, prostate-specific antigen.

Table 2 Univariate Cox proportional hazards analysis

Variables n Univariate HR (95% CI) P

Liver metastases (yes/no) 146 2.87 (0.89, 9.20) 0.076

No. sites involved (.2 vs. V2) 146 1.77 (0.47, 6.68) 0.400

Performance status at baseline (f70 vs. o80) 146 0.95 (0.93, 0.96) ,0.001

Pain at baseline 146 1.52 (1.20, 1.93) 0.001

Multiple hotspots on bone scan (yes/no) 146 0.77 (0.97, 1.03) 0.767

Visceral metastases (yes/no) 146 1.82 (1.20, 2.78) 0.005

PSADT (,50 days vs. o50 days) 146 1.03 (0.69, 1.53) 0.902

Baseline PSA

o90 ng ml21 (vs. ,90 ng ml21) 146 1.37 (0.92, 2.05) 0.123

Per log unit rise in ng ml21 1.34 (1.00, 1.79) 0.050

Baseline ALP (per log unit rise in IU l21) 146 1.86 (1.08, 3.19) 0.024

Age (o69 years vs. ,69 years) 146 1.16 (0.78, 1.73) 0.457

Type of progression 146

Measurable disease 1.17 (0.62, 2.18) 0.634

Bone scan progression 1.12 (0.65, 1.92) 0.693

Rising PSA only 0.88 (0.55, 1.41) 0.596

Tumour grade (Gleason score .7 vs. ,7) 111 1.15 (0.69, 1.89) 0.597

Prior radiotherapy (yes/no) 146 1.53 (0.83, 2.82) 0.172

Baseline haemoglobin (per unit decline, g dl21) 146 0.99 (0.98, 1.00) 0.035

Treatment group (docetaxel vs. mitoxantrone) 146 1.50 (0.99, 2.26) 0.056

Abbreviations: ALP, alkaline phosphatase; PSA, prostate-specific antigen; PSADT, prostate-specific antigen doubling time.
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prediction (Figure 3). Decision curve analysis showed a net benefit of

the nomogram at a threshold probability greater than 30% (Figure 4).

DISCUSSION

Compared with post-docetaxel evaluation, life expectancy before

docetaxel-based therapy always influences the decision making of both

the clinician and patients. The prognostic nomogram was first developed

by Armstrong et al to predict the survival rate among men with mCRPC

after chemotherapy.15 In addition to traditional prognostic markers, this

multivariate prognostic model, based on the TAX327 trial, included

some novel prognostic variables, such as pre-treatment PSA kinetics,

the presence of pain, number of metastatic sites and the type of disease

progression at baseline. In their study, the area under the curve was 0.69

for predicting the 1-, 2- and 5-year survival. Univariate Cox proportional

hazards analysis confirmed prior reports and added validity to the

Halabi nomogram. Compared with the classic Halabi nomogram, the

median survival with TAX327 was longer than in the Halabi nomogram,

in which the majority of patients were not treated with chemotherapeu-

tic regimens, such as docetaxel or mitoxantrone with prednisone.10,13,15

Application of the novel TAX327 nomogram has been limited by

the lack of external validation. In our study, we used a Chinese cohort

of 146 patients to validate the predictive model, but we note that our

ethnic population was limited, and not all patients were treated with

docetaxel. Frustratingly, we did not confirm the ability of this predic-

tive model to stratify the prognosis of patients after chemotherapy to

predict the survival rate.

In the discrimination analysis, the estimated value of the c-index of

our series was 0.66 (95% CI: 0.54–0.70); thus, the nomogram did not

discriminate perfectly among patients in the external validation sets

using only nomogram score and the status of overall survival.

However, this pre-chemotherapy nomogram allows for the standar-

disation of care and decision making if the predictive survival time is

less than 1 year. Meanwhile, the goodness-of-fit test of the calibration

plot showed that the nomogram model had a significantly good fit at

1-year survival intervals, whereas the 2-year survival rate, which was

Figure 2 Calibration plot of 1- and 2-year survival rate of TAX327 nomogram in validation data set of 146 patients shows discrimination and calibration statistics.

Figure 3 Calibration curve comparison between the 1- and 2-year survival in

validation data set of 146 patients with 97 deaths. All the patients were divided

into 4 groups with 36 patients each.

Figure 4 Decision curve of predicted probability net benefit using nomogram of

Armstrong et al. in validation data set of 146 patients.
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investigated graphically using local regression nonparametric smooth-

ing lines, was markedly underestimated. Therefore, the actual and

predicted survival outcomes presented an imperfect agreement. In

addition to discrimination and calibration, we further evaluated the

clinical usefulness to facilitate decision making on the nomogram

interventions. In decision curve analysis, the TAX327 nomogram

showed a good net benefit and reduction at a threshold probability

of 30% or greater. The effectiveness of the model is better than treating

all patients indiscriminately with the condition that the decision-

making risk is greater than 30%.

With regard to the TAX327 nomogram, the achieved predictive

accuracy of the nomogram in the validation cohort was not similar

to the statistic in the original data set. Interestingly, survival in this

off-study population was demonstrated to be worse than in the clinical

trial.21 The reasons for this phenomenon are varied. First, the TAX327

nomogram was derived from a dataset that is now nearly 10 years old.

Current clinical trials have illustrated the overall survival spectrum of

standard 3-week docetaxel as 16.9–24.2 months in Western coun-

tries.22 In Asian countries, off-trial studies presented an overall sur-

vival ranging from 15.3 to 27.1 months.23–25 Second, although these

novel agents (provenge, abiraterone and cabazitaxel) have not been

introduced in mainland China in the past decade, improvement of the

treatment environment, more regular follow-up schedules of patients

and more positive feedback from caregivers could contribute to longer

survival.21 Third, previous studies have predominantly been com-

posed of Caucasian and European-American individuals, and the

TAX327 study has not been prospectively validated in Asian popula-

tions. As proved before, the mortality rates of PCa are lower in China,

and the heterogeneity of prostate cancer in a different population may

be another reason contributing to slow progression.1 Fourth, earlier

treatment with chemotherapy, which could extend the survival time

from the beginning of enrolment, would result in leading bias of this

validation. Finally, the numeric range of the 95% CI for predictive

survival rate is large because the validation was performed in a small

Chinese community dataset, and the cohorts enrolled were retrospec-

tively collected at a single tertiary centre. The sample size of the

validation study is still far from perfect, and the results may have fluc-

tuated due to selection bias. Subsequently, validation with larger

cohort needs to be performed, initiating multicentre collaborations.

Further modifications of our validation are still necessary.

We believe that this nomogram still plays a role, even in the dawn of

an era with an entirely new portfolio of agents for mCRPC. First, the

external validation of a nomogram is conducive to take full advantage

of the previous valuable information and avoid the shortage of re-

establishment of a nomogram based on small datasets, such as insta-

bility of the model and dissociation of screened variables. Second, the

life expectancy of mCRPC largely depends on the therapeutic option,

management of comorbidities and life quality. Thus, the nomogram

may be helpful for treatment decision making in surrogates who are at

high risk of short-term survival, to avoid toxicities of chemotherapy and

to switch to alternative emerging therapeutic options. Additionally, for

patients at low risk of short-term survival, after docetaxel chemother-

apy, both abiraterone acetate and cabazitaxel are available.26 Because

there are no head-to-head clinical trials to compare those drugs, both

clinicians and patients are confused when choosing the most suitable

agent. As a predictive model, the nomogram can inevitably help make

treatment decisions to meet the demand of quality and expectancy of

life and to encourage individual counselling and tailored decision mak-

ing. Finally, this nomogram is still valuable because the speed of new

agents listed on the market is slow in mainland China.

CONCLUSION

Our validation study did not confirm the predictive value of the TAX

327 nomogram in a contemporary Chinese community series. As the

speed of new agents listed on the market is slow in mainland China,

further studies with large sample sizes to develop or validate nomo-

grams for predicting survival and selecting therapies in advanced pro-

state cancer are necessary.
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Appendix 1 Detailed information for the coefficient of TAX327 nomogram

Category coefficient se(coef) z p

Weekly docetaxel 0.119 0.1108 1.07 2.82E-01

Mitoxantrone 0.371 0.1081 3.43 5.98E-04

Liver metastasis 0.48 0.2169 2.21 2.69E-02

No. metastatic sites(.2 or f2) 0.468 0.1442 3.24 1.18E-03

Pain at baseline 0.382 0.0971 3.93 8.46E-05

Performance status 0.304 0.1388 2.19 2.85E-02

Measureable disease progression 0.31 0.1125 2.75 5.90E-03

Bone scan progression 0.256 0.1003 2.55 1.08E-02

Tumor grade 0.172 0.0926 1.86 6.29E-02

Baseline log PSA 0.153 0.0313 4.87 1.11E-06

Alkaline phosphatase 0.238 0.0489 4.86 1.19E-06

Hemoglobin 20.107 0.0355 23.01 2.64E-03

PSADT(1-2months) 20.131 0.1307 21.00 3.16E-01

PSADT(2-3months) 20.147 0.1457 21.01 3.11E-01

PSADT(3-6months) 20.291 0.1613 21.80 7.13E-02

PSADT(.6months) 20.392 0.2425 21.62 1.06E-01

Abbreviations: PSA, prostate-specific antigen; PSADT, prostate-specific antigen doubling time.
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