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Abstract

Background—Radiographic progression-free survival (rPFS) is associated with overall survival 

(OS) in chemotherapy-naïve metastatic castration-resistant prostate cancer (mCRPC) patients. 

Using readily assessable baseline clinical and laboratory parameters, we developed a prognostic 

index model for rPFS in chemotherapy-naïve mCRPC patients without visceral disease who were 

treated with abiraterone acetate plus prednisone.

Methods—Data from the abiraterone acetate plus prednisone arm of COU-AA-302 were used. 

rPFS was defined based on modified Prostate Cancer Working Group 2 criteria. Baseline variables 

were assessed for association with rPFS through univariate Cox modeling. The lower (LLN) and 
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upper (ULN) limits of laboratory normal were used to dichotomize most laboratory parameters; 

baseline median was used to dichotomize prostate-specific antigen (PSA). Prognostic factors for 

rPFS were identified by multivariate Cox modeling. Model accuracy was estimated by the C-

index.

Results—Presence of lymph node metastasis (hazard ratio [HR]=1.76, P<.0001), lactate 

dehydrogenase >ULN (234 IU/L) (HR=1.71, P=.0001), ≥ 10 bone metastases (HR=1.71, P=.

0015), hemoglobin ≤LLN (12.7 g/dL) (HR=1.47, P=.0030) and PSA >39.5 ng/mL (HR=1.42, P=.

0078) were associated with poor outcome. Patients were categorized into 3 prognostic groups 

(good, n=230; intermediate, n=152; poor, n=164) based on number of risk factors. Median rPFS 

was calculated (27.6, 16.6, and 8.3 months for good, intermediate and poor, respectively). The C-

index was 0.83 (95% confidence interval = 0.73–0.91).

Conclusions—The prognostic index model for rPFS reveals differential outcomes based on 

factors readily available in clinical practice. If validated, this model can be integrated into clinical 

practice and design of risk-stratified trials.
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Introduction

Metastatic castration-resistant prostate cancer (mCRPC) exhibits a broad-spectrum of 

disease burden as determined by radiographic imaging and laboratory studies (eg, prostate-

specific antigen [PSA], lactate dehydrogenase [LDH], and alkaline phosphate). Clinical 

conditions range from minimal disease with no symptoms to extensive disease with 

moderate to severe symptoms. The availability of several life-prolonging agents for 

mCRPC1–7 presents dual challenges of therapy choice and timing of use. With a goal of 

understanding the patient’s prognosis across the full clinical spectrum, in particular during 

the time of evolving treatment options, models for the likelihood of disease progression and 

progression-free survival may aid in clinical judgment, risk assignment for future clinical 

trials, and even for potential future regulatory strategies. The recent development of a 

number of models for overall survival (OS) in men with mCRPC after first- or second-line 

chemotherapy can be utilized in the assessment of overall prognosis.8–12 However, to date, 

no model has been developed for the prediction of the intermediate outcome of progression-

free survival in the clinically diverse chemotherapy-naïve mCRPC setting. Guidance on the 

accurate assessment of prognosis of such patients is needed.

COU-AA-302 was a phase III trial in asymptomatic/minimally symptomatic, chemotherapy-

naïve mCRPC patients without visceral disease treated with abiraterone acetate (hereafter 

abiraterone) plus prednisone. In the final analysis, abiraterone plus prednisone significantly 

improved OS and radiographic progression-free survival (rPFS) compared with placebo plus 

prednisone (hereafter prednisone alone).5–7 Because of the broad spectrum of disease burden 

among patients enrolled, the COU-AA-302 trial provides an opportunity for new insights 

into the spectrum of prostate cancer associated with clinically meaningful improvements in 

rPFS in response to inhibition of persistent androgen receptor signaling.1,5–7
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Models to predict clinically significant end points in addition to OS are necessary to address 

the need for an intermediate end point in mCRPC trials. Using data from COU-AA-302, we 

previously demonstrated that rPFS was positively associated with OS in patients with 

chemotherapy-naïve asymptomatic or mildly symptomatic mCRPC (Spearman’s correlation 

coefficient = 0.72; Kendall’s tau statistic = 0.53; maximum likelihood values for Clayton, 

Hougaard, and Plackett copulas were 3796.11, 3796.99, and 3797.79, respectively), 

providing evidence for further development of rPFS as an intermediate end point in mCRPC 

trials.13 Given the association between rPFS and OS and the need for prognostic models that 

can predict clinically significant end points in the chemotherapy-naïve setting, we developed 

a prognostic index model for rPFS in chemotherapy-naïve patients with mCRPC based on 

data from COU-AA-302 using factors that would be readily evaluable in routine clinical 

practice.

Materials and Methods

Patient Population

COU-AA-302 (NCT00887198) was a multinational, randomized, double-blind, placebo 

controlled phase III trial of abiraterone plus prednisone versus prednisone alone in 

asymptomatic or mildly symptomatic, chemotherapy-naïve patients with mCRPC. In 

collaboration with US and European regulatory agencies, the COU-AA-302 study was 

designed with two co-primary end points—rPFS and OS. Patients with visceral metastases 

or who had received previous therapy with ketoconazole for > 7 days were excluded. A total 

of 1088 patients were included in this study (abiraterone plus prednisone = 546; prednisone 

alone = 542). The study design, safety, and efficacy results are published elsewhere.5–7 The 

review boards at all participating institutions approved the study, which was conducted 

according to the Declaration of Helsinki and the Good Clinical Practice guidelines of the 

International Conference on Harmonisation. All patients provided written informed consent 

prior to participation.

Clinical and Laboratory Factors

Sixteen routinely available and readily assessable clinical, pathologic, and baseline 

laboratory factors were identified and included. The 546 patients in the abiraterone plus 

prednisone arm were evaluated for the presence or absence of these relevant baseline 

demographic and disease characteristics, and this cohort formed the basis for the modeling. 

The prognostic model for rPFS based on centrally reviewed imaging data was developed 

using the second interim analysis dataset, which was performed after 333 (43% of 773) 

events had occurred.6 The rPFS end point was adapted from Prostate Cancer Working Group 

criteria14,15 and modified Response Evaluation Criteria In Solid Tumors (RECIST). The 

imaging schedule was based on sponsor and FDA discussions. It is defined as the time from 

randomization to the occurrence of progression per bone scan (first bone scan with ≥ 2 new 

lesions compared with baseline observed < 12 weeks from randomization and confirmed by 

a second bone scan ≥ 6 weeks later demonstrating ≥ 2 additional new lesions or first bone 

scan with ≥ 2 new lesions compared with baseline observed ≥ 12 weeks from randomization 

with new lesions verified on the next scan ≥ 6 weeks later); progression of soft tissue lesions 
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measured by computed tomography or magnetic resonance imaging as defined in modified 

RECIST; or death from any cause.

Statistical Methods

The modeling involved multiple steps (Figure 1). Laboratory factors were dichotomized into 

high or low risk according to median values or the lower and upper limits of normal (LLN 

and ULN, respectively). Laboratory analyses were performed by a central reference 

laboratory. For nonlaboratory parameters, median values were used due to the skewed 

distribution observed. First, selected clinically relevant baseline factors were assessed for 

significant association with rPFS using a univariate Cox regression model. A P value ≤ .05 

was required for inclusion in the subsequent stepwise selection procedure. A multivariate 

Cox model was then used with a stepwise selection procedure to identify the prognostic 

factors for rPFS with a significance level of 0.1 for entry into the model and 0.01 for 

removal of each factor from the model. The final model was determined based on the Akaike 

Information Criterion (AIC) and the model chi-squared score. The combination of the 

significance levels for entry and removal and the AIC/chi-squared score were used to derive 

a model that is limited to the factors that contribute most to the model.

Internal validation of the predictive performance of the final model was assessed by a 

bootstrap resampling procedure.16 Five hundred samples were generated randomly with 

replacement from the original data (N = 546), and the stepwise Cox regression was applied 

with the same selection criteria as described above for the original model. The frequency 

with which each factor was selected in the resulting model was then tabulated. Factors 

selected most frequently were deemed most impactful and informed the model selection 

process. Parameter estimates (hazard ratio [HR] and 95% confidence interval [CI]) for the 

final model were obtained by refitting the Cox regression model with the same factors 

selected in the final model. After the final model was established, patients were categorized 

into 3 risk groups based on the number of baseline risk factors, and the median rPFS was 

calculated for each risk group. The concordance index (C-index) was computed to estimate 

the predictive accuracy of the model.17 A C-index of 0.5 suggests no predictive 

discrimination, while an index of 1.0 indicates perfect discriminatory power. The 

distribution of rPFS was calculated using the Kaplan–Meier method. All statistical analyses 

were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC) and the receiver 

operating characteristic analysis was performed using R v.2.15.3 (Comprehensive R Archive 

Network).

Results

Nine of 16 baseline clinical and laboratory factors were found to be significantly associated 

with rPFS (P ≤ .05) through a univariate Cox model and were advanced forward (Table 1) to 

the next step of the modeling. A multivariate Cox regression model with a stepwise 

procedure identified the following 5 of 9 adverse prognostic factors to be the strongest 

predictors of rPFS, and these were included in the final model (Table 2): LDH (> ULN [234 

IU/L] vs. ≤ ULN), bone metastases (≥10 vs. < 10), PSA (> 39.5 vs. ≤ 39.5 ng/mL), lymph 
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node metastases (present vs. absent), and hemoglobin (≤ LLN [12.7 g/dL] vs. > LLN). The 

C-index was 0.83 (95% CI = 0.73–0.91).

Model Checking and Bootstrap Validation

To avoid overfitting, the independent factors were limited to those contributing most to the 

final model based on the AIC and the model chi-squared score (Supplementary Figure 1). 

Results from the best subset selection indicated that inclusion of additional risk factors 

beyond these 5 factors did not improve the model’s prognostic value (Supplementary Figure 

1). From the 500 bootstrap samples, these 5 risk factors were also selected most frequently 

via application of the stepwise Cox regression procedure, suggesting robust internal 

consistency (Supplementary Figure 2).

Risk Grouping (Table 3 and Figure 2)

Patients were categorized into 3 risk groups (good, intermediate, and poor prognostic 

groups) based on the number of baseline risk factors significantly associated with rPFS and 

similar relative HRs. Each risk group had distinct rates of reduction in radiographic 

progression. HRs for the intermediate and poor prognosis groups relative to the good 

prognosis group were determined. Most patients had 0 to 1 risk factor and were considered 

to have good prognosis (n = 230; 42.1%), for which median rPFS was 27.6 months. Patients 

with 2 risk factors were considered to have intermediate prognosis (n = 152; 27.8%), for 

which median rPFS was 16.6 months (HR = 2.19 relative to the good prognosis group), and 

patients with 3 to 5 risk factors were considered to have poor prognosis (n = 164; 30.0%), 

for which median rPFS was 8.3 months (HR = 3.1).

Discussion

A prognostic model for rPFS was developed for chemotherapy-naïve patients with mCRPC 

with no visceral metastases who were treated with abiraterone plus prednisone. The model 

was developed using 5 factors that are available during routine patient treatment and that are 

strongly associated with rPFS. Other prognostic factors that contributed to poor prognosis in 

chemotherapy-naïve patients with mCRPC were identified, but the model was limited to 5 

factors because the additional factors did not contribute to the prognostic information in any 

meaningful way, according to the AIC and chi-squared statistics. The model categorized 

patients into 3 distinct risk groups (poor, intermediate, and good prognoses), and the C-index 

(0.83 [95% CI = 0.73–0.91]) suggests good predictive accuracy of the model.

It is worth noting that approximately 42% of patients entering into the trial fell into the 

“good risk” category of this model, and this is encouraging with respect to the interpretation 

of the study overall, as it was designed specifically for patients without visceral metastases 

and with little to no symptoms from their cancer. Indirectly, it may indicate that as these risk 

factors increase in an individual patient, he is more likely to become symptomatic. The true 

relationship of symptoms to disease status cannot be determined from this analysis.

Our model has a few limitations. This model was developed based on a phase III clinical 

trial with rigorous inclusion criteria, which may not reflect everyday clinical practice. 

Progression-free survival in COU-AA-302 was evaluated primarily by radiographic imaging 
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(computed tomography and bone scan), and this approach may also differ from routine 

practice, in which PSA levels and symptoms might influence treatment decisions. 

Furthermore, bone scans and other imaging studies were performed more often than in 

routine practice, and suspected lesions by bone scan required a second, confirmatory scan at 

least 6 weeks later. In addition, patients with visceral metastases at baseline were excluded. 

Another limitation of our model is that patients who discontinued therapy due to clinical 

progression (such as need for chronic opioid use, a change in treatment to chemotherapy, or 

a significant decline in performance status) were not included as rPFS events in this study. 

Patients who discontinued therapy due to clinical progression are the subject of a separate 

analysis. Together, the rigorous inclusion criteria and method of determination of 

radiographic progression in COU-AA-302 made it difficult to identify an independent 

dataset for external validation of our model. Therefore, satisfactory discrimination and 

prognostic value of this model have not yet been demonstrated in an independent dataset, 

which is required before it can be applied in standard clinical practice.

Although the model is prognostic in nature, it does speak to the wide spectrum of baseline 

clinical factors seen in the chemotherapy-naïve patient population. The profound 3-fold 

difference in rPFS between the good versus poor risk group in this model suggests that 

further work should be done to clarify whether these markers are predictors of treatment 

response and to stratify by these or similar risk groups. For the treating clinician, there may 

be implications for the timing of therapy initiation. In a hypothesis-generating analysis of 

COU-AA-302, initiation of treatment with abiraterone plus prednisone was associated with 

greater clinical benefit among patients without significant pain (BPI 0-1 vs. ≥ 2) or 

pronounced PSA elevation (< 80 vs. ≥ 80 ng/mL).18 It is plausible that a patient in the good 

risk group who is observed and does not receive treatment, but then progresses to the 

intermediate or poor risk group, may receive less benefit when therapy is initiated. Such a 

concept would need to be evaluated prospectively.

The adverse prognostic value of the presence of lymph node metastases in this analysis 

requires further study as lymph node-only disease in men with mCRPC has typically been 

associated with a better prognosis.19 These findings may reflect the fact that such patients 

were more likely to develop RECIST-defined progression of disease, which may occur 

earlier than the development of new bone lesions, and which was the marker of rPFS for 

those with bone-only disease. An alternative explanation may arise from the recent 

observations that lymph nodes may harbor small-cell or neuroendocrine histologies that are 

associated with a poor prognosis.20

To the best of our knowledge, the prognostic index model described herein is the first 

contemporary model for rPFS in asymptomatic/minimally symptomatic mCRPC patients 

treated with abiraterone plus prednisone. Our findings suggest that there is a broad clinical 

spectrum of chemotherapy-naïve mCRPC, which could warrant a tailored approach to 

therapy for each respective group of patients. Future studies should (1) explore the 

performance of subsequent chemotherapy in patients, especially those in the poor prognosis 

risk group who should receive closer follow-up, and (2) characterize the molecular profile of 

the tumors of such individuals with respect to androgen receptor variants, tumor histology, 

and genomic aberrations.21,22 With prospective validation, this model may allow more 
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accurate assessment of risk in patients with earlier stage mCRPC using factors that are 

routinely assessed in everyday clinical practice, and may aid in clinical decision-making, 

patient selection or stratification for clinical trials, clinical trial design, and modification of 

clinical guidelines to approaches that are more individualized for patient needs.

Conclusions

The prognostic index model for rPFS developed from chemotherapy-naïve patients reveals 

differential outcomes with abiraterone plus prednisone therapy based on factors readily 

available in clinical practice. The over 3-fold difference in rPFS based on these factors 

suggests that, with validation, they may be useful in clinical trial stratification as well as 

routine clinical care.
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Clinical Practice Points

• Prognostic models for earlier intermediate end points in addition to OS are 

necessary to assess risk in patients with earlier stage of mCRPC

• We developed a prognostic index model for rPFS in chemotherapy-naïve 

mCRPC patients treated with abiraterone acetate plus prednisone. Data are 

from COU-AA-302, a phase III trial of abiraterone acetate plus prednisone 

versus prednisone alone in asymptomatic/minimally symptomatic patients 

with mCRPC and no visceral metastases

• The model uses 5 factors readily available in clinical practice: LDH (>ULN 

[234 IU/L] vs. ≤ULN), bone metastases (≥10 vs. <10), PSA (>39.5 vs. ≤39.5 

ng/mL), lymph node metastases (present vs. absent), and hemoglobin (≤LLN 

[12.7 g/dL] vs. >LLN)

• Patients were categorized into 3 prognostic groups (good, intermediate, and 

poor) based on the number of risk factors

• There was a profound 3-fold difference in rPFS between the good versus poor 

risk group in this model. Median rPFS was 27.6, 16.6, and 8.3 months for 

patients in the good, intermediate, and poor prognostic groups, respectively. 

The C-index was 0.83 (95% CI = 0.73–0.91)

• Our findings suggest that there is a broad clinical spectrum of chemotherapy-

naïve mCRPC

• The prognostic value of this model should be demonstrated in an independent 

dataset. If validated, this model may allow assessment of risk in patients with 

earlier stage mCRPC using factors that are routinely assessed in everyday 

clinical practice, and may aid in clinical decision-making, patient selection or 

stratification for clinical trials, clinical trial design, and modification of 

clinical guidelines to approaches that are more individualized for patient 

needs
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Figure 1. Schematic Representation of the Modeling Process
Abbreviations: CI = confidence interval; HR = hazard ratio; SLenter = significance level for 

entry in the model; SLstay = significance level for retention in the model.
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Figure 2. Kaplan–Meier Curves for rPFS by Risk Group (a) and Relative Hazard Ratio by Risk 
Group (b), as Estimated by the Stepwise Final Model for Patients Treated With Abiraterone Plus 
Prednisone
Abbreviations: CI = confidence interval; HR = hazard ratio; rPFS = radiographic 

progression-free survival.
aVersus patients with good prognosis.
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Table 1

Baseline Clinical and Laboratory Parameters Considered for Inclusion in the Model (Univariate Analysis)

Baseline Risk Factors P Value HR (95% CI)

LDH (> ULN [234 IU/L] vs. ≤ ULN) <.0001 2.03 (1.50–2.75)

Bone metastases (≥10 vs. < 10)a <.0001 1.95 (1.53–2.48)

ALP (> ULN [131 IU/L] vs. ≤ ULN) <.0001 1.76 (1.37–2.26)

PSA (> 39.5 vs. ≤ 39.5 ng/mL) <.0001 1.76 (1.39–2.23)

Lymph node metastases (present vs. absent) <.0001 1.72 (1.36–2.17)

Hemoglobin (≤ LLN [12.7 g/dL] vs. > LLN) <.0001 1.63 (1.28–2.03)

BPI (2–3 vs. 0–1) .0015 1.56 (1.18–2.04)

Albumin (≤ 4 vs. > 4 g/dL) .0074 1.38 (1.09–1.74)

Gleason score (≥ 8 vs. < 8) .22 1.17 (0.91–1.49)

Time from start of androgen deprivation therapy to initiation of abiraterone acetate (≤ 36 vs. > 36 months) .22 1.16 (0.92–1.46)

Prior prostatectomy (yes vs. no) .52 1.08 (0.86–1.36)

Age (≥ 70 vs. < 70 years) .57 1.07 (0.85–1.35)

M1 disease at diagnosis (yes vs. no) .57 0.93 (0.70–1.22)

Prior radiation therapy (yes vs. no) .47 0.92 (0.73–1.16)

ECOG PS (1 vs. 0) .34 0.87 (0.65–1.16)

Testosterone (> 0.4 vs. ≤0.4 ng/mL)b .04 1.67 (1.03–2.70)

Note: Shaded factors were excluded from modeling.

Abbreviations: ALP = alkaline phosphatase; BPI = Brief Pain Inventory; CI = confidence interval; ECOG PS = Eastern Cooperative Oncology 
Group performance status; HR = hazard ratio; IU = international units; LDH = lactate dehydrogenase; LLN = lower limit of normal; PSA = 
prostate-specific antigen; rPFS = radiographic progression-free survival; ULN = upper limit of normal.

a
Individual bone lesions were counted up to 10, and then grouped as > 10 to 20 and > 20.

b
Measured by radioimmunoassay.
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Table 2

Results From Stepwise Selection Final Model (Multivariate Analysis)

Baseline Risk Factors P Value HR 95% CI

LDH (> ULN [234 IU/L] vs. ≤ ULN) .0015 1.71 1.23–2.38

Bone metastases (≥ 10 vs. < 10) .0001 1.71 1.30–2.23

PSA (> 39.5 vs. ≤ 39.5 ng/mL) .0078 1.42 1.10–1.85

Lymph node metastases (present vs. absent) <.0001 1.76 1.37–2.27

Hemoglobin (≤ LLN [12.7 g/dL vs. > LLN) .003 1.47 1.14–1.89

Abbreviations: CI = confidence interval; HR = hazard ratio; IU = international units; LDH = lactate dehydrogenase; LLN = lower limit of normal; 
PSA = prostate-specific antigen; ULN = upper limit of normal.
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