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Potter Stewart
Associate Justice of the Supreme Court of the United States
Nominated by Dwight D. Eisenhower / Served from 10/14/58 – 6/3/81
In the obscenity case of Jacobellis v. Ohio (1964), 

Stewart wrote in his short concurrence that "hard-core 
pornography" was hard to define, but that “I know it 

when I see it”



Where did the definitions of response come from?

12 spheres
1.8 - 14.5 cm

[5 = 6 and 7 = 8]
16 hematologists

1920 
measurements

Charles Moertel, MD



Where did the definition of partial response 
(PR) come from?
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Where did the definition of PR come from?
How often did two investigators think the same 

tumor was different? Very often!

↓50%
6.8%



Where did the definition of PR come from?
How often did the same investigator think the same 

tumor was different? Very often!

↓50%
7.8%



Where did the definitions of response come from?

How often did the same 
investigator think the same 

tumor was different? 

How often did two different 
investigators think the same 

tumor was different? 



From these humble beginnings….from cutoffs 
chosen for “operational reasons” not for 
“efficacy”….we evolved to assessment of 

efficacy



Moertel was primarily thinking 
about / dealing with lymphomas

1. CNS Tumors [RANO]
2. Mesothelioma
3. Ovarian Cancer
4. Breast Cancer
5. Prostate Cancer



WHO then “codified” the definition of response
And RECIST “immortalized it”

WHO
(World Health Organization)

versus
RECIST

(Response Evaluation Criteria In Solid Tumors)

From these humble beginnings….from cutoffs chosen for “operational reasons” not 
for “efficacy”….we evolved to assessment of efficacy



RECIST WHO





Why do we need new methods to assess 
response?

Endpoints supporting early and late clinical development 
programs in oncology are fundamentally different

The development of new treatments in oncology is a long, 
costly, and too often unsuccessful process

Currently, the gold standard is overall survival



Tumor growth and regression rate





Theory for regression and growth

F(t) = e(g · t) + e(-d · t) -1
Where 

f = tumor measurement in t days
g = growth rate constant

d = regression rate constant 



Statistical package for R to calculate g and d

We developed a package in R software , designated as tumgr 

This allows us to obtain tumor growth rates using the models above

In cases where all parameters were significant predictors of tumor quantity 
(quantity at time t/quantity at time 0, given the specified cutoff value of 
0.10) in more than one model, the model that minimized the Akaike 
Information Criterion (AIC) is selected. 



Input
name date size

2 0 169.1
2 14 176
2 33 190.8
2 75 47.3
3 0 0.39
3 6 0.27
3 56 0.18
3 84 0.2
3 112 0.27
3 140 0.29
3 168 0.49

10 0 178.8
10 3 177
10 31 248.3
10 59 339.3
10 88 265.9
10 115 74.8



Output
Parameter N Median IQR

g 539 0.00368

(0.001243, 

0.008576)

d 462 0.014835

(0.00778, 

0.026884)

phi 92 0.992159

(0.960662, 

0.998713)

• Note that the curves are not drawn to 

fit the data but rather are described by 
the fixed rate constants for g, d or 
both that are estimated by an iterative 

process that assesses the fit of the 

data to each of four basic equations. 



The parameter g is related to the halving time of doubling (Td) by the 
formula Td=0.693/g, in which 0.693 is the natural logarithm (ie, log e) of 2 

The formula for the relation between the time for the size of the tumor to 
decrease by half (T1/2) and the parameter d is the analogous 
T1/2=0.693/d

g of 0.0024/day means a tumor doubling time of 288 days 

Relation of g value with tumor doubling time



Why calculate g-rate?



Prostate Cancer: Prednisone / Mitoxantrone / Docetaxel 

Survival of g quartiles

Wilkerson J,. Lancet Oncol. 2017 Jan;18(1):143-154. 



Correlation of OS with g quartiles using 
clinical trial data 

PD
S



VA has the oldest electronic medical record system 

VINCI is an initiative to improve researchers' access to VA data and to 
facilitate the analysis of those data while ensuring Veterans' privacy and 
data security

Infrastructure connects all VHA data at a national level 

One of richest real world data source available 

VA Informatics and Computing Infrastructure 
(VINCI)





N=38,122

-15 before START to +15 after END
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Data
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One row per patient

Treatments 1

Treatments 2
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One dataset per treatment
One row per patient
Initial Treatment 
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Dose Reduction/Refill 
Delay
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Prednisone 
Dose Reduction/Refill Delay

Other Treatment Info

Other Treatment Data
One dataset per treatment

Treatment Fill 
Data
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Serial g data

New Fit

Sequencing Data



Most patient had monthly PSA assessments

Leuva et al 2019



g is a biomarker of OS even when combining 
real-world data and clinical trial data



g is a biomarker of OS even when combining 
real-world data and clinical trial data
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Abiraterone [9205] Enzalutamide [7438]
Correlation of g values with OS – hormonal 

therapy



Correlation of g values with OS - chemotherapy

Docetaxel [5001] Cabazitaxel [1372]



Correlation of g values with OS – targeted 
therapyOlaparib [197]



g-rate method can identify patient who 
benefit despite no PSA decline 



g-rate based Doubling time (DT)



Von Hoff’s paradigm for targeted therapy 

Progression Free Survival 

PFS ratio =PFS on MP-selected therapy/PFS on prior therapy

The molecular profiling(MP) approach was deemed of clinical benefit 
for the individual patient who had a PFS ratio(PFS on MP-selected 
therapy/PFS on prior therapy) of ≧1.3.

D. D. Von Hoff et al. Journal of Clinical Oncology(2010)

1st line 2nd line 3rd line
Progression-free 

survival 1 
Progression-free 

survival 2 
Progression-free 

survival 3 



The parameter g is related to the halving time of doubling (DT) by the 
formula DT=0.693/g, in which 0.693 is the natural logarithm (ie, log e) of 2 

The formula for the relation between the time for the size of the tumor to 
decrease by half (T1/2) and the parameter d is the analogous 
T1/2=0.693/d

g of 0.0024/day means a tumor doubling time of 288 days 

Relation of g value with tumor doubling time 
(DT)



g-rate doubling time (DT) based on line of 
therapy

1st line 2nd line 3rd line
Doubling Time 

400 days 
Doubling time 

200 days
Doubling time 

100 days



g-rate based DT on current 
medication

 ---------------------------------------------------------------------------------------------------      

g-rate based DT on medication 
Just before current medication

≥ 1

Doubling Time (DT) ratio calculation

= Benefit



olaparib efficacy in U.S. Veterans with 
metastatic prostate cancer (mPC) 
Veterans had 
1) mPC with somatic or germline alterations/mutations in genes involved in 

homologous repair recombination (HRR),
2)  received olaparib (PARP inhibitor) and a novel hormonal therapy or 

chemotherapy, and 
3) estimable rates of tumor growth (g-rate) using PSA values obtained while 

receiving treatments 

Identified 139 Veterans which met above criteria



g-rate based DT on olaparib
 ---------------------------------------------------------------------------------------------------      

g-rate based DT on medication 
Just before olaparib

≥ 1

Doubling Time (DT) ratio calculation

= Benefit



62 of 139(45%) postulated to have 
benefit

Benefit from olaparib---→



DT ratio ≥ 1 correlated with improved survival



g-rate based Machine learning / AI 
model



g-rate based machine learning model

(A) (B) (C)A B C



Estimate of g values and tumor doubling times(DT) correlate with overall survival, the 
FDA gold standard 

Ideal way to analyze real world data as it is not affected by assessment intervals

It has wide applicability – so far studied in RCC, prostate, lung cancer, colorectal cancer, 
medullary thyroid cancer, breast cancer, neuroendocrine cancer, pancreatic cancer, 
melanoma 

As a rule, successive therapies result in faster rates of growth. By using each Veteran 
(patient) as his own control, one can confidently assess the value of a therapy by 
comparing the g value of the experimental therapy to the g value of the therapy just 
before. 

g-rate based machine learning model seems to be performing excellently in predicting 
survival in prostate cancer in early feasibility study

Take home points



Thank you 

Mengxi Zhou

Dr. Tito Fojo
Mengxi Zhou
Dr. Susan Bates
Dr. Jieqiong Wang
Dr. Raymond 
Bergan
Dr. Benjamin Teply
Dr. Carol Luhrs
Dr. Anna Park
Melody Rosenberg
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