
Sorafenib in RCC (TARGET Trial) 
A Disease-Stabilizing Agent? 

*Independently assessed measurements available for 574 patients 
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Days after treatment commences
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f = exp (-d · t) + exp (g · t) - 1 
Where f = tumor measurement in t days 

d = regression rate constant; g = growth rate constant 

Theory for regression and growth 





Kaplan-Meier Plot: PFS 
High-Dose Bevacizumab in RCC 



Sigmaplot Curve Fits: Renal Cell Carcinoma 
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f = exp (-d · t) + exp (g · t) - 1 

d = regression rate constant; g = growth rate constant 



Dot Plot of Regression and Growth Rate Constants 

Regression rate constants (l) / Growth rate constants (¡) / Horizontal lines are mean ± SD 
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Growth Rate Constants Correlate  
with Survival in Renal Cell Carcinoma  
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Log of growth rate constants 
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In g we thus had an excellent surrogate for the FDA 
gold standard - OS - a surrogate that could help us 

discern effective versus non-effective therapies 



Prostate Cancer 
Patients with metastatic CRPC 

 
Did not benefit from:      
1.  Combined androgen blockade 
2.  Anti-androgen withdrawal 
 
Chemotherapy: 
1.  Thalidomide 
2.  Docetaxel + Thalidomide 
3.  Ketoconazole + Alendronate 
4.  ATTP (Avastin + Thalidomide + Taxotere + 

Prednisone) 
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Sigmaplot Curve Fits: Prostate Cancer 



Prostate Cancer 
Regression and Growth Rate Constants 
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Log scale in all cases  
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Prostate Cancer: Correlation of Parameters with Survival 



Nadir and PFS are surrogates for g 

Progression Free Survival 

As g increases, 
the nadir (   ) rises 
and comes sooner  



12 Years of Prostate Cancer Trials at the NCI 

-2.6 



Pre-enrollment On protocol 
0 

0.0088 

0.0175 

0.0263 

0.035 

g,
 g

ro
w

th
 ra

te
 c

on
st

an
t 



Pre-enrollment On protocol 
0 

0.03 

0.06 

0.09 

0.12 

d,
 re

gr
es

si
on

 ra
te

 c
on

st
an

t 



ARTP 
(Pre) 

 
.0000 

PSA- 
TRICOM 

 
.0000 

ARTP 
 
 

.0016 

ATTP 
 
 

.0032 Median d: 

P value: 

d,
 re

gr
es

si
on

 ra
te

 c
on

st
an

t 

.025 .005 



ARTP 
(Pre) 

 
.0071 

PSA- 
TRICOM 

 
.0038 

ARTP 
 
 

.0030 

ATTP 
 
 

.0016 Median g: 

P value: 

g,
 g

ro
w

th
 ra

te
 c

on
st

an
t 

.291 .008 



Days after starting therapy 

Modeling Tumor Growth: Effect of Growth Rate on Survival 
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RECIST definition of 
progressive disease 

Time to progression 
(PFS) 

2 cycles 4 cycles 
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. 

Thomas E S et al. JCO 2007;25:5210-5217 

Second Line: Metastatic Breast Cancer 
Capecitabine vs Capecitabine + Ixabepilone 



Thomas E S et al. JCO 2007;25:5210-5217 

Second Line: Metastatic Breast Cancer 
Capecitabine vs Capecitabine + Ixabepilone 



Treatment Arm Median g 
[days-1] 

Median d 
[days-1] 

Capecitabine 0.00288 0.00840 
Ixabepilone + Capecitabine 0.00191 0.00863 

p < 0.001 p = 0.400 NS 

Second Line: Metastatic Breast Cancer 
Capecitabine vs Capecitabine + Ixabepilone 



Nadir and PFS are surrogates for g 

Progression Free Survival 

As g increases, 
the nadir (   ) rises 
and comes sooner  



Breast cancer: g and d can be extracted 
accurately  before the nadir is reached 
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Time 

The “unseen” growing fraction 
“deviates” the tumor’s regression 

from its downward trajectory  



Prostate cancer: g and d can be extracted 
accurately before the nadir is reached - 
long before a PSA-DT can be calculated 



Prostate cancer: g and d can be extracted 
accurately before the nadir is reached - 
long before a PSA-DT can be calculated 



Superiority of g over PSA-DT 
An accurate g can be calculated a median of 13 weeks earlier 



12 Years of Prostate Cancer Trials at the NCI 

-2.6 



Dependence of patient survival on 
the log of the growth rate constants 

Thalidomide 
R = 0.38 
p = 0.027 

Ketoconazole +  
Alendronate 

R = 0.69 
p < 0.0001  

Thalidomide +  
Docetaxel 
R = 0.74 

p < 0.0001 

ATTP 
R = 0.42 
p = 0.005  

PSA-TRICOM 
R = 0.25 
p = 0.13  

Combined data set 
R = 0.50 

p < 0.0001 



Prostate Cancer Trials at NCI: Kaplan Meier Survival Analyses 
Stratified by initial PSA signal above and below median 
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To accurately predict survival, the models require a 
marked slowing in the measured growth rate 

constant after PSA-TRICOM has been administered 
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How can we account for the efficacy of 
the PSA-TRICOM vaccine?  



Spider plot showing serial g 
values in patients receiving 

TARP Peptide Vaccine 
Jay Berzofsky 
Lauren Wood 







Recap of Lessons Learned and Intuitions 
Gained from Applying Wilfred Stein’s 

Analysis to Tumor Growth and Regression 
•  We can calculate a growth rate constant, g, 

and a regression constant, d, from data 
routinely obtained on a clinical trial 

•  Tumor quantity depends on time and g and d 
•  Effective therapies reduce the growth rate 

constant g 
•  g correlates with the FDA gold standard 

overall survival (OS) 
•  g is a better measure of therapeutic efficacy 

than response or stable disease rates 



Stein’s Analysis of Tumor Growth and 
Regression 

•  d does not correlate with OS 
•  As a continuous variable, g is better than PFS 
•  g can be determined over time, independent 

of trial design 
•  Slowing g is the most important factor in 

improving survival 
•  g can be measured before there is clinical 

evidence of tumor growth 
•  g can be determined in censored patients – in 

contrast to PFS – reducing bias 
•  The data suggest resistance is intrinsic 
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