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How can we best predict risk of 
recurrence on prostate cancer biopsies?
• The natural history of prostate cancer (PC) is highly variable, 

making advice on treatment options challenging.
• The development of an expression signature composed of 

genes involved in cell cycle progression (CCP: Prolaris) has 
been shown to be highly prognostic in numerous cohorts. 
•Other studies have shown that immunochemistry for Ki-67 is 

also a robust predictor of outcome. 
•We wished to compare the prognostic power of CCP score 

(Prolaris) and Ki-67 index in a large cohort of prostate cancers 
with outcome data and compare them with established 
prognostic markers



Design: The TAPG Cohort
• The cohort of 981 pts, with clinically localized PC diagnosed by needle bx
• Managed conservatively in the UK, 2000-2003.
• The primary end point was prostate cancer death. Follow-up to 31 December 

2012 was conducted through the cancer registries.
• Clinical variables: 

• centrally reviewed Gleason score
• baseline PSA, 
• clinical stage
• cancer extent.

• CCP score was calculated using RNA from 31 cell cycle progression and 15 
housekeeper genes.

• Ki-67 index was pathologically assessed by two expert pathologists. Univariate 
and multivariate modelling was performed



Results
• 755 patients had a CCP score and 752 had Ki-67 score with 668 

patients with data on both.
• CCP score (HR=1.97 (95%CI 1.71,2.26) X2= 70.82 p=3.9x10-17) 
• Ki67  (HR=1.42 (95%CI 1.31,1.55 X2 =47.08 p=6.8x10-12)
• CCP was clearly superior based on the magnitude of delta X2.
• 4 clinical variables were also highly associated with outcome. 
• The most information comes from adding CCP score.
• Ki67 added hardly any further information.



Frequency Distributions



Variable N
Median 

(IQR)[min,max]
HR

(95% CI)
Χ2 (1df) p-valuea Harrell’s c-statistica

Ki67 positive* 752
2.46

(1.82, 3.34)
33.32 7.8x10-9 0.621

Ki67 continuous 752
5

(3, 10) [0,50]
1.42**

(1.31, 1.55)
47.08 6.8x10-12 0.655

Log(1+Ki67) 752
2.36

(1.86, 3.00)
49.16 2.4x10-12 0.655

CCP Score 755
0.4

(-0.1, 1.0) [-2.1, 4.3]
1.97

(1.71, 2.26)
70.82 3.9x10-17 0.715

CCP2 755
1.15

(1.10, 1.20)
23.55 1.22x10-6 0.676

CCP 
Categories***

755
2.19

(1.84, 2.60)
73.45 1.0x10-17 0.690

* Ki67 positive = 1 if >5%
** Per 5% change

*** <=0, (0, 1], (1, 2], 2+
a. Based on chi-square



Correlation between Ki-67 and CCP score



KM curves using cut-offs for CCP score 
and Ki-67 



Hazard Ratios (95%CI)

Base MV
Model

Base MV +
CCP2

Base MV +
Ki67

Base MV + log(1+Ki67)

Base MV Model variables:

Log(1+PSA) 1.24
(0.98, 1.57)

1.19
(0.94, 1.51)

1.23
(0.97, 1.55)

1.23
(0.97, 1.55)

Gleason score 1.29
(1.07, 1.57)

1.30
(1.07, 1.57)

1.29
(1.06, 1.57)

1.29
(1.06, 1.57)

% Cancerous cores* 1.11
(1.04, 1.20)

1.12
(1.04, 1.20)

1.11
(1.03, 1.19)

1.11
(1.03, 1.19)

Clinical T-stage 1.46
(1.03, 2.07)

1.36
(0.96, 1.93)

1.52
(1.07, 2.16)

1.48
(1.05, 2.09)

CCP 1.49
(1.24, 1.78)

2.26
(1.50 3.41)

1.35
(1.07, 1.70)

1.37
(1.12, 1.69)

Variable added:

CCP2 0.86
(0.75, 0.99)

Ki67** 1.09
(0.95, 1.25)

log(1+Ki67) 1.24
(0.92, 1.67)

c-statistic 0.765 0.764 0.767 0.768

X2 127.47*** 5.66 1.62 2.04

Df 5 1 1 1

p-value 8.2x10-26 0.017 0.202 0.153

Base MV Model = Log(1 + baseline PSA) + Gleason + Perc. Cancerous cores + T-stage + CCP
* Per 10% Increase in Percentage of Cancerous Cores (PCC)
** Per 5% Increase in Ki67
*** Compared to null model



Conclusions 
• CCP was a very strong predictor of PC death.

• Ki-67 was also prognostic, but was much weaker than CCP.

• Ki-67 added no independent prognostic information to models 
that included CCP and established clinico-pathologic features.

• These data support the power of CCP score in precision PC 
prognostic assessments
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