
RESTRICTED

“Tumor growth modeling in drug 
development: tool for early phase decision 
and assessment of response to therapy”

Tito Fojo, MD, PhD
Columbia University



RESTRICTED

What I plan to convince you of:
• It’s time to think out of the box …. It’s always time to think out of the box.
• Tumors grow and regress exponentially. It’s has nothing to do with the 

treatment employed. Immunotherapy is not different. Get over it.
• We harvest an enormous amount of data and do very little with it.
• We conduct trials that are too big; we can get answers with smaller trials.
• Volumetric measurements aren’t coming …. they’re here. Clinical trials 

should use volumetric measurements. They’re way better.
• Data prior to enrollment in a trial is invaluable. But in order to harvest it 

you need a metric that is blind to assessment intervals. g is here!!!!
• The cemetery of failures is littered with adjuvant and neo-adjuvant 

failures – because we have not thought of it correctly. You will after today.
• Radiologist should not quit their day jobs; they just have to change how 

they perform it. Fortunately, we will never have great tumor markers for 
every tumor; so, we’re are stuck with imaging
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f(t) = e(g · t) + e(-d · t) -1
Where f = tumor measurement in t days

g = growth rate constant; d = regression rate constant

Theory for regression and growth

Presenter
Presentation Notes
Description of the theory. The blue line is what we observe in the clinic in the overwhelming majority of patients with a solid tumor. That is what we see when we get serial scans as treatment is administered. We see an initial regression of tumor, unfortunately followed by progression/growth. But it is actually a result of two simultaneous processes that are occurring in a tumor as a patient is treated. These two simultaneous processes are the exponential regression of the sensitive fraction of the tumor, depicted by the red dotted line and the simultaneous exponential growth of the resistant or relatively resistant fraction of the tumor depicted by the green dotted line. The fraction that is regressing will not cause any long-term harm as it will die and never recur; while the growing fraction as will become apparent is responsible for the eventual death of the patient. Although this is happening simultaneously we can mathematically estimate both a regression rate and a growth rate. Actually, we estimate a regression rate constant and a growth rate constant as these are constants that do not change. The regression rate representing the rate at which the sensitive fraction of the tumor disappears. And the growth rates the rate at which the resistant/relatively resistant fraction is growing. Importantly as you can see, even as the total tumor quantity is falling these two processes are occurring simultaneously and we can estimate both rates, including the growth rate, although it appears to the clinician that the tumor is continuing to decrease. Indeed, even as the total tumor quantity is falling you can ascertain the rate of growth of the “as yet clinically undetected” gowning tumor. 
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Theory for exponential regression and growth

Presenter
Presentation Notes
The gd equationis the basic starting equation. f is the quantity of tumor that one measures at any time t. This can be estimated using this formula. The growth rate constant, g, and the regression rate constant, d, are as we said, constants. What we do with this equation and three others that derive from it, is to estimate the values for g and d that can define a line or a curve that fits the actual data best. Among the infinite number of combinations, our program of analysis determines the best combination of g and d that leads to the best fit. The equation is set up to have a value of 1 at time zero. If there is no growth the equation simplifies to f = e(-d · t). The original equation applies but with no growth the part of the equation described by e(g · t) is 1 and f = 1 + e(-d · t) -1 then simplifies to f = e(-d · t). This equation is included in the program that estimates the rates of growth and regression, because if one “tried to force the result to fit the original equation”, f = e(g · t) + e(-d · t) -1, one would be “forcing the program” to describe a value for g where one does not exist. Hence this is a “choice” to describe the observed measurements.Similarly, if there is no regression the equation simplifies to f = e(g · t). The original equation applies but with no regression the part of the equation described by e(-d · t) is 1 and f = e(g · t) + 1 - 1 then simplifies to f = e(g · t). This equation is included in the program that estimates the rates of growth and regression, because if one “tried to force the result to fit the original equation”, f = e(g · t) + e(-d · t) -1, one would be “forcing the program” to describe a value for d where one does not exist. Hence this is a “choice” to describe the observed measurements.And despite input from lots of very smart people we have never been able to clearly understand why in fact the fraction of tumor that is sensitive/resistant need not be in the equation. Because the equation with the fraction sensitive and resistant has an extra unknown, Ø, it requires more robust data to be fitted and so often there is not enough data for us to establish the fraction that is sensitive and in turn the fraction that is resistant, but as we say, it turns out that the rates of growth and regression are calculable without knowing the sensitive and resistant fractions.
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14745 / 17140 = 86%

1187 / 17140 = 7%

Not fit =                     1208 / 17140 = 7%

Just four equations?

Presenter
Presentation Notes
We have derived equations for models that have been proposed and then looked to see how well they could describe data from over 20,000 patients with many different tumors. As you can see the four exponential models we use best describe 86% of the data. 7% of the data are best described by other models that are in part exponential. While 7% “did not fit” any of the models, largely due to inadequate data.
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f(t) = e(g · t) + e(-d · t) -1
Where f = tumor measurement in t days

g = growth rate constant; d = regression rate constant

Theory for regression and growth

Presenter
Presentation Notes
Description of the theory. The blue line is what we observe in the clinic in the overwhelming majority of patients with a solid tumor. That is what we see when we get serial scans as treatment is administered. We see an initial regression of tumor, unfortunately followed by progression/growth. But it is actually a result of two simultaneous processes that are occurring in a tumor as a patient is treated. These two simultaneous processes are the exponential regression of the sensitive fraction of the tumor, depicted by the red dotted line and the simultaneous exponential growth of the resistant or relatively resistant fraction of the tumor depicted by the green dotted line. The fraction that is regressing will not cause any long-term harm as it will die and never recur; while the growing fraction as will become apparent is responsible for the eventual death of the patient. Although this is happening simultaneously we can mathematically estimate both a regression rate and a growth rate. Actually we estimate a regression rate constant and a growth rate constant as these are constants that do not change. The regression rate representing the rate at which the sensitive fraction of the tumor disappears. And the growth rates the rate at which the resistant/relatively resistant fraction is growing. Importantly as you can see, even as the total tumor quantity is falling these two processes are occurring simultaneously and we can estimate both rates, including the growth rate, although it appears to the clinician that the tumor is continuing to decrease. Indeed, even as the total tumor quantity is falling you can ascertain the rate of growth of the “as yet clinically undetected” gowning tumor. 
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…. And decay occurs 
more rapidly than growth 
… which is why we see 
“responses” clinically

g = 0.0039223822/day
d = 0.01182327/day

Presenter
Presentation Notes
An example of a site we are developing and will soon launch that will provide anyone – researchers, practicing oncologists and even patients – the ability to analyze their data and estimate their growth rates along with an explanation of the results. We will also provide a comparison of the individual’s data to results in our stored database that will continue to grow. But here you can see that we can determine already a rate of growth even though the clinician or the patient may think the tumor is “regressing” The rate of growth in turn defines a doubling time and this is provided as a more interpretable result. If the rate of growth is low, the tumor doubling time long and the therapy tolerable we would encourage continuation of that treatment with continued monitoring of the doubling time. Also, as you can see here, the rates of regression are nearly always faster than the rates of growth and it is because of this that clinically we can observe regression of even tumors that eventually emerge as “resistant” to a therapy
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0.0024/d 0.0021/d

Abiraterone 1st = 
Enzalutamide 1st

0.0032/d 0.0083/d

Abiraterone 1st better 
than Abiraterone 2nd

0.0030/d 0.0062/d

Enzalutamide 1st better 
than Enzalutamide 2nd

Prostate Cancer

Presenter
Presentation Notes
Box plots showing the distribution of g values for thousand of Veterans with prostate cancer treated with either abiraterone or enzalutamide. The median values and 90% CIs are shown. The number of Veterans, the median values are shown below and p values when comparing two are shown aboveReal world data from the Veteran’s Administration showing how teal world data can be compared successfully. Here metastatic prostate cancer being treated with either abiraterone or enzalutamide. The left panel shows the results comparing abiraterone (at the time of the analysis the drug most commonly administered first) with enzalutamide when both are administered first line,. This comparison has never been done convincingly but here you can see with real world data how both are comparable as first line therapies. The two plots to the right demonstrate how the drugs given in first line are superior to the results when they are given in second line.We will soon have data on about 20,000 Veterans and we will be able, as is shown later, with enormous confidence tell if anything added to abiraterone or enzalutamide improves efficacy by looking at very few patients – no more than about twenty. In other words, we will be able to quickly determine if a therapy should go or not go forward into a phase 3 study.
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f(t) = e(g · t) + e(-d · t) -1
Where f = tumor measurement in t days

d = regression rate constant; g = growth rate constant

Abiraterone

Enzalutamide

Presenter
Presentation Notes
The advantage of our method of analysis is that since time is in the equations, the analysis is indifferent to the timing of assessments. In the real world that are the VA Medical Centers, the intervals of assessment very greatly, but always occur at intervals of seven days since the day of the week for clinic for any doctor and any patient does not change. But for our method of analysis any time is fine. Every 28 days; every 42 days; sometimes 28 days apart and other times 21 days and others 14 days apart. It can be constant or it can vary. We are time indifferent in our assessments
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What happens when you change from 
abiraterone to enzalutamide?

Presenter
Presentation Notes
Just because PSA is increasing the therapy should not necessarily be changed. But what we found in the VA was that on average when the PSA value increased to about 1.2 x that of the initial value, most oncologist felt it was time to change treatment. This may not be the wisest thing to do. Here you see that about two thirds of patients had their rates of growth increase upon switching (middle panel); while one third had the rate of PSA growth reduced (right panel). The decision to change was made on  an absolute value and possibly should have been guided by the rate of change that in many cases was quite low. Indeed, those with low rates (middle panel) saw the rates increase suggesting abiraterone for their tumors may have been optimal therapy whereas those with higher rates (right panel) saw a drop in the rates of growth suggesting for their tumors enzalutamide was a better option.  
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g is a biomarker of OS even 
when combining real-world 
data and clinical trial data

Data over 15 years from:
• VAMCs
• Project Data Sphere
• Abiraterone registration data

Presenter
Presentation Notes
This is the challenge.  We have here data on 12,000 patients with prostate cancer including about 5000 Veterans, patients enrolled in the abiraterone registration trial and patients enrolled in clinical trials from 2000 -2015 – in the control arms of control trials whose data is “housed” in Project Data Sphere. So, data collected from diverse sources over more than 15 years with data collected at all different intervals of assessment. We estimate g values for the 12,000 and we have OS information on all of them. We divide the data into octiles based on g values. The curve to the right is the octile with the slowest g values and the one to the left the octile with the fastest g value. All the others are sequentially higher as we go from right to left. We then plot out a KM curve of their overall survival. The results are truly remarkable. g values can be seen here to be clearly an excellent biomarker of OS.
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Presenter
Presentation Notes
And the data on the previous slides is then analyzed by looking at the regression of the median survival times for each of the Kaplan Meier curves and the median g values of each octile
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The VOLPact Data

Presenter
Presentation Notes
Part of the VOLPact Data. We encourage/welcome participation 



RESTRICTED

Pipeline - Automated

Presenter
Presentation Notes
The VOLPact pipeline. The best in the world 
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Response Assessment Platform Integrated with Digital 
Volumetric Tumor Segmentation (RAPID-VTS)

Presenter
Presentation Notes
A VOLPact analysis example
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Tumor measurement output

Presenter
Presentation Notes
A VOLPact analysis exampleHard to see here but the volumetric analysis augments differfences.
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Unidimensional Bidimensional Volumetric

Patient #1

Patient #2

Patient #3

Presenter
Presentation Notes
So here are some examples chosen randomly to demonstrate the output of our analysis and also how well the actual data (red dots) fit the estimated “ideal” curve (in blue). Each three across is the same patient using the unidimensional data on the left, the bidimensional data in the middle and the volumetric data on the right. The red dots are actual data points and the blue line is the line described by the equation with the best combination of growth (g) and regression (d) rates that fit the data with least variance. These three examples are best described by the “gd” equation, this being the “original equation”. What this means is that with the estimated g and d values, at any time t, shown in the X-axis, the quantity of tumor that is estimated falls on the blue line. You can see how close the actual data (red dots) comes to this blue line for the majority of patients. In my opinion, there is no doubt the volumetric data – at least in the conduct of clinical trials – is superior. The “augmentation of changes” that result from volumetric measurements can be seen by looking at the Y axis which in these examples “goes deeper” with the volumetric measurements.
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NSCLC RCC CRC

In all cancers, g is a biomarker of OS

Presenter
Presentation Notes
Again, showing across a broad range of cancers evidence that g is an excellent biomarker of OS. Again, as before, except in this case in for each quartile we have plotted KM curve of OS. The curve to the right in each of the graphs is the quartile with the best median g while the curve to the left is the quartile with the worse median g and the other two are intermediates in order.
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So, what can we do with this method of analysis?
• Run meaner, leaner trials – with virtual control arms
• Benchmark against large data sets and inform go/no-go 
decisions

• Stop randomizing to the same controls over and over
• Take advantage of what was happening before enrollment
• Assess therapies for rare cancers or rare mutations
• Better understand why we fail
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Did we need 
that many 
patients?

Reference = 
LUX Lung 3 Cisplatin + 
Pemetrexed
Experimental = 
Afatinib arms from 
LUX Lung 1, 3 and 6

Following enrollment order
Volumetric Data
Alpha = 0.05

Sample Size
p 

va
lu

e
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LUX Lung 1 LUX Lung 3 LUX Lung 6
Placebo Afatinib Cis+Pem Afatinib Gem+Pem Afatinib

(n = 195) (n = 390) (n = 115) (n = 230) (n = 122) (n = 242)

Presenter
Presentation Notes
Using existing data as a virtual control or benchmark.Here the reference data set is a very modest data set of 115 patients with EGFR-driven NSCLC treated with cisplatin plus pemetrexed. The experimental arms are the afatinib arms from LUX Lung 1, 3 and 6 with up to 390 patients. This analysis follows the enrollment order. And show the number of afatinib treated patients that had been enrolled when the difference in g values between the two arms became statistically significant at a p-value of 0.05 and never rose above that. 24 and 23 patients in LUX lung 3 and 6 were all that were needed to demonstrate statistical superiority. Eight from LUX Lung 1 where afatinib was much less effective in second line and was being administered to patients with now more aggressive tumors were all that was need to demonstrate the inferiority of afatinib in this setting (relative to Cis + Pem in first line)
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Will we need 
control arms?

Reference = 
LUX Lung 3 Cisplatin + 
Pemetrexed (n = 115)
Experimental = 
LUX Lung 3 Afatinib
(n = 230)

Alpha = 0.05
Power = 80% / 90%

Sample Size

Po
we
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Presenter
Presentation Notes
Using existing data as a virtual control or benchmark.Here the reference data set is a very modest data set of 115 patients with EGFR-driven NSCLC treated with cisplatin plus pemetrexed. The experimental arms is the afatinib arms from LUX Lung 3 with 230 patients. Using the cisplatin plus pemetrexed arm as the reference or virtual control arm. Patients were randomly drawn from the experimental arm with 1000 replications at each number of patients. Alpha was 0.05 and power 80% and 90%. The output shows how few patients were needed to demonstrate superiority – with unidimensional 15 and 22 and with volumetric only 12 and 15 for 80% and 90% power respectively - think of this and think of the fact 230 were enrolled on the experimental arm on the trial. We did not need a control arm and we did not need 230 patients to receive the experimental arm. 
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N g value Docetaxel Sample 
Size for 80% Power

Docetaxel Sample 
Size for 90% Power

n = 1132 0.0032 n = 21 n = 26
n = 100 0.0031 n = 26 n = 36
n = 200 0.0030 n = 18 n = 25
n = 300 0.0030 n = 18 n = 24

Presenter
Presentation Notes
Same as before. Here we have a “volumetric measure” – i.e. serum PSA. And we are comparing prednisone a very modestly active drug in prostate cancer with docetaxel, the first chemotherapy drug to receive FDA approval. We have data on 1132 patients who received prednisone. Using that as a virtual control and again doing random sampling and 1000 re-samples at each number of “experimental docetaxel” patients, with a virtual control of 1132 we needed only 21 and 26 docetaxel patients to achieve an alpha of 0.05 with 80% and 90% power respectively. But we really did not need 1132, We got same results using only a portion of the virtual control – n =100 or n = 200 or n= 300. In short virtual control arms do not need to be so very large especially when the difference between the experimental and the control arm are expected to be meaningful differences. Note the lower left shows again the ability with this data – prednisone and docetaxel – to demonstrate how well g performs as a biomarker of OS



RESTRICTED

So, what can we do with this method of analysis?
• Run meaner, leaner trials - with virtual control arms
• Benchmark against large data sets and inform go/no-
go decisions

• Stop randomizing to the same controls over and over
• Take advantage of what was happening before enrollment
• Assess therapies for rare cancers or rare mutations
• Better understand why we fail
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Presenter
Presentation Notes
As we saw before, volumetric measurements detect a greater difference. This is depicting the distribution of g values in the control and the experimental arms in second line colorectal cancer where FOLFIRI is usually utilized  [control = FOLFIRI ; experimental = FOLFIRI + afilbercept]. Note there that the OS advantage of the combination with afilbercept was only 1.4 months, a very small difference. Yet with our method of analysis, here comparing the distribution of g values and their median finds highly statistical differences. The statistical significance was much greater with bidimensional measurements and even greater with volumetric measurements, and we believe this reflects the greater “value” a volumetric analysis provides especially of tumors that are less well described by a single dimension or even by two dimensions as they are not the spheres one would like them to be.
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Aflibercept Versus Placebo in Combination With Irinotecan and 5-
FU in the Treatment of Patients With Metastatic Colorectal Cancer 

After Failure of an Oxaliplatin Based Regimen (VELOUR)

Unidimensional
N=40

Bidimensional
N=30

Volumetric
N=23

Estimating Rates of Tumor Growth and Regression 
Using Serial Radiographic Measurements

Power Simulations: B = Reference; A = Experimental
1000 re-samples with replacement of A

80% Power; alpha 0.05

Presenter
Presentation Notes
The g values that had been obtained were divided into quartiles and then correlated with OS. The results show how g is an excellent biomarker of overall survival. Let me emphasize here again that g is obtained using tumor measurements obtained while the patient is enrolled on the study. We are the looking at overall survival often years after those values were obtained and g was estimated. We do not have since the trial does not capture data as to what happens after trial participation has ended. This is an example in colorectal cancer. We have similar data in breast cancer, kidney cancer, lung cancer, multiple myeloma, prostate cancer, pancreatic cancer and medullary thyroid cancer. Others histologies have not been yet examined in depth but there is NO REASON to not expect comparable correlations.On the left, is an example that shows you how using a robust trial data as the benchmark, the efficacy of small trials can be determined with great precision allowing go/no go decisions to be better informed. Furthermore, here again one can more convincingly demonstrate the value of the volumetric assessment. Using the unidimensional data from the control arm (Arm B) as the reference benchmark and sampling randomly 1000 separate times from the Arm A data one can see that with a power of 0.8 one can establish statistical superiority of the therapy administered in Arm A over the reference therapy given in Arm B after only 40 patients from Arm A have been assessed – here using unidimensional measurements. This means that with a data set that is robust and has about 300 individual patients (Arm B) one can determine if a new combination is better with statistical validity at a power of 0.8 with only 40 patients using unidimensional data. Also remember, the difference between Arm A and Arm B in this trial with afilbercept was a HR of only 0.82. What this means is that we are detecting that a therapy (Arm A in this example) is superior to the other after only 40 patients and that this therapy we are declaring superior has a HR of 0.82 for OS when the entire data was analyzed. This means that with an even more effective therapy many fewer patients would be needed.With the bidimensional data that is more robust one can see superiority of A over B after only 30 patients.And using the volumetric data one needs only 27 patients to declare the Arm therapy that again had a HR for OS of only 0.82 in the entire data set. Two things are very important here. Without offending the developers or owners of afilbercept, we must acknowledge this drug was approved with a very modest superiority margin. Indeed, one must acknowledge that the benefit derived from afilbercept was a minimum of benefit for a cancer therapeutic. We point this out not to be critical but to emphasize that this is not a result being obtained with a drug that prolonged life by one year and that is not relevant to the “real world results” of most cancer therapeutics being developed. These are outcomes with a very relevant margin of benefit. More importantly, the reference here was not the entire VELOUR data but only 2/3 of the data making the reference size a very modest one. In the next slide we show that this can even be ascertained with a smaller reference benchmark, although our desire would be to have as large and as robust a reference as possible.And using the volumetric data one needs only 23 patients to declare the Arm therapy that again had a HR for OS of only 0.82 in the entire data set as superior. Two things are very important here. Without offending the developers or owners of afilbercept, we must acknowledge this drug was approved with a very modest superiority margin. Indeed, one must acknowledge that the benefit derived from afilbercept was a minimum of benefit for a cancer therapeutic. We point this out not to be critical but to emphasize that this is not a result being obtained with a drug that prolonged life by one year and that is not relevant to the “real world results” of most cancer therapeutics being developed. These are outcomes with a very relevant margin of benefit. More importantly, the reference here was not the entire VELOUR data but only 2/3 of the data making the reference size a very modest one.
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So, what can we do with this method of analysis?
• Run meaner, leaner trials with virtual control arms
• Benchmark against large data sets and inform go/no-go 
decisions

• Stop randomizing to the same controls over and over
• Take advantage of what was happening before enrollment
• Assess therapies for rare cancers or rare mutations
• Better understand why we fail
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Why do we continue to enroll 
thousands of patients on 
control arms that we know full 
well how they will perform?

Study Treatment g values p-values

Lux Lung 1 Placebo 0.0092 <0.0001Afatinib 0.0057

Lux Lung 3 Cis + Pem 0.0019 <0.0001Afatinib 0.0008

Lux Lung 6 Gem + Pem 0.0023 <0.0001Afatinib 0.0007

Pair p-values
Cis + Pem vs Gem + Pem 0.1800
Afatinib LUX Lung 1 vs Lux Lung 3 <0.0001
Afatinib LUX Lung 1 vs Lux Lung 6 <0.0001
Afatinib LUX Lung 3 vs Lux Lung 6 0.2300

Placebo Afatinib AfatinibAfatinibCis+Pem Gem+Pem

LUX Lung 1 LUX Lung 3 LUX Lung 6
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LUX Lung 1 LUX Lung 3 LUX Lung 6
Placebo Afatinib Cis+Pem Afatinib Gem+Pem Afatinib

(n = 195) (n = 390) (n = 115) (n = 230) (n = 122) (n = 242)
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So, what can we do with this method of analysis?
• Run meaner, leaner trials with virtual control arms
• Benchmark against large data sets and inform go/no-go 

decisions
• Stop randomizing to the same controls over and over
• Take advantage of what was happening before enrollment
• Assess therapies for rare cancers or rare mutations
• Better understand why we fail
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Presenter
Presentation Notes
Pembrolizumab for ipilimumab refractory melanoma
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g on pembrolizumab after 
chemotherapy was SLOWER 

in 75% of trial participants

Presenter
Presentation Notes
The advantage of collecting data before enrollment on a trial. Here you can see that g on pembrolizumab after chemotherapy was SLOWER  in 75% of trial participants. Because g is indifferent to the interval of assessment any data harvested from any setting can be harmonized with the approach of the clinical trial and allow you to compare efficacy before and after enrollment on the clinical trial. A powerful analysis
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Distribution of g by mutation status
LUX Lung 3

Del 19
LUX Lung 3
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LUX Lung 6
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Study Mutation Cis+Pem g or Gem+Pem g Afatinib g p value

LUX Lung 3
Del 19 0.0025 0.0006 <0.0001

L858R 0.0018 0.0009 0.0007

LUX Lung 6
Del 19 0.0022 0.0005 <0.0001

L858R 0.0023 0.0008 <0.0001

Presenter
Presentation Notes
Estimating g allows you to drill down to subsets and do comparisons. In this way post-hoc analyses are much more powerful and meaningful. Here you can see highly statistically meaningful differences with the administration of afatinib providing great benefit in these mutations that were presdnt in only a subset of patients. This can be used bother add “indications” and also to strengthen indications by recognizing where the differences are most robust
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Presenter
Presentation Notes
Von Hoff proposed some years ago to score targeted therapies as effective if when enrolled on a study the PFS on that study was 1.3 X the previous PFS. The problem with this is that the intervals of assessment can very greatly. In the Von Hoff analyses for example three patients who had previously been “assessed” at six weeks (obviously had rapidly progressing tumors) were scored as winners because in the Von Hoff trial assessment occurred at eight weeks and those with previous progression of disease in six weeks were at eight weeks experiencing a PFS that was 1.33 larger. Of course, this is not true, as they likely also would have been shown to have progressed at six weeks- and they only “scored as winners” because Von Hoff did not assess until eight weeks. Using g as the metric this is rendered irrelevant and on e can then truly assess if there’s been a drug effect. This becomes ideal for assessing targeted therapies and indeed any therapy in a clinical trial provided there are images or imaging data available form the prior therapy
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Benefit from olaparib
Therapy before 

olaparib
DT before 
olaparib

DT on 
olaparib

Abiraterone 178.0 >500
Abiraterone 67.8 388.4

Enzalutamide 21.8 29.4
Enzalutamide 51.7 68.4
Enzalutamide 103.5 267.3
Enzalutamide 245.2 >500
Enzalutamide 100.3 174.2

Docetaxel 69.3 >500
Cabazitaxel 229.8 1340.0
Cabazitaxel 43.6 142.9

Tumor doubling time (DT) in days (calculated from g) 
for patients with BRCA2 mutation

No benefit from olaparib 
Therapy before 

olaparib
DT before 
olaparib

DT on 
olaparib

Abiraterone 126.4 76.7
Abiraterone 196.7 27.9

Enzalutamide 214.5 39.4
Enzalutamide 73.4 56.9

Docetaxel >500 41.7
Docetaxel >500 83.4

Cabazitaxel 193.6 51.1
Cabazitaxel 51.8 14.0
Cabazitaxel 214.9 37.9
Cabazitaxel 527.9 76.7

Veterans with mBRCA2 
Prostate Cancer

g
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g before
Olaparib

g on
Olaparib
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DT = 0.693
2

Presenter
Presentation Notes
And here in the real world of the VA we can demonstrate who has improvement with olaparib as a function of the mutation in the homologous recombination pathway. Clearly olaparib benefits a substantial fraction of men with prostate cancer who have BRCVA2 mutations. Soon we will have comparably robust data for many other mutations that will allow us to better discern who improves and who does not. As shown of twenty patients with BRCA2 mutations compared to the g value on their previous regimen, ½ had improved to much improved results here presented as tumor doubling times when treated with olaparib (tumor doubling time = 0.693/g)
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So, what can we do with this method of analysis?
• Run meaner, leaner trials - with virtual control arms
• Benchmark against large data sets and inform go/no-go 
decisions

• Stop randomizing to the same controls over and over
• Take advantage of what was happening before enrollment
• Assess therapies for rare cancers or rare mutations
• Better understand why we fail
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Guiding decision for neo-adjuvant/adjuvant development

f(t) = (1 - Ø) • exp(g • t) + Ø • exp(-d • t) - 1
gdØ

f(t) = e(g · t) + e(-d · t) -1
gd

d = fixed
Ø = fixed
g = varies 2-fold

Presenter
Presentation Notes
There are three variables – g, the rate of growth of tumor, d, the rate of regression or decay of tumor and phi, the fraction of the tumor that is sensitive to the therapy being administered. Here we fixed d and phi and simply cut g in half and then in half again. One can see that by cutting g in half we in fact get deeper nadirs that clinically one would interpret as more cell killing. But this was not the case here because phi and d were held constant. The reason the nadir is deeper, and it appears more disease was impacted is because by slowing g we allow more time for the decay of the sensitive fraction to fully manifest.
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Guiding decision for neo-adjuvant/adjuvant development

f(t) = (1 - Ø) • exp(g • t) + Ø • exp(-d • t) - 1
gdØ

f(t) = e(g · t) + e(-d · t) -1
gd

d = fixed
g = fixed
Ø = varies slightly

Presenter
Presentation Notes
In the previous slide slowing g allowed for deeper nadirs, without much change in the eventual outcome. Here we see how by tweaking phi a few percent the recurrence is greatly prolonged. In other words, you can think you are getting a deeper nadir and more cell killing with a prolonged g, but in reality you are not and long-term outcomes are only marginally affected. Greater impacts on long term outcomes however, can be achieved if you kill just a few percent more of thertumor mass. 
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Guiding decision for neo-adjuvant/adjuvant development

Presenter
Presentation Notes
The problem is that most of our therapies are approved in the metastatic setting – the “proving grounds for new therapies” – where all one really needs to achieve regulatory approval is a few months of survival. This can be easily achieved by slowing g somewhat. This also then as shown gives deeper nadirs that are not a result of greater cell kill. And when we move these therapies to the adjuvant and neo-adjuvant settings they fail – because in those settings we need not slower g but greater cell kill – greater effect on phi
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Guiding decision for neo-adjuvant/adjuvant development

Presenter
Presentation Notes
Higher response rates do not mean more cell kill. In the metastatic setting where tumor cells are difficult to kill, it can be achieved by a drug that does not kill more cells but simply slows the growth of the drug-resistant tumor cells. Likely what happened here.
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Does it discriminate between two arms?
Does it correlate with PFS?
Does it correlate with OS?
Can it help decide which phase II studies to carry forward?
Can it help reduce the size of phase III trials?
Can it help reduce the size of control arms?
Could it be used as a benchmark in settings other than clinical trials?
Could it be used to guide therapy outside of a clinical trial?

 Yes
 Yes
 Yes
 Yes
 Yes
 Yes
 Yes
 Yes

Analysis of any clinical data using this approach provides much greater 
and more valuable information than conventional measures of efficacy 

f = e(g · t) + e(-d · t) -1
Where f = tumor measurement in t days

d = regression rate constant; g = growth rate constant

Estimating Rates of Tumor Growth and Regression 
Using Serial Radiographic Measurements

Presenter
Presentation Notes
All except answer emails  But were working on that 
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Faculty members: 
Binsheng Zhao, Director 
Xiaotao Guo
Lin Lu 
Pingzhen Guo
Larry Schwartz 
Senior Staff Associate: 
Hao Yang 
Research Radiologists: 
Aiping Chen 
Feifei
Lin Yi
Linning E 
Fatima-Zohra Mokrane
Modelling: 
Mengxi Zhou
Susan Bates 
Harshraj Leuva
Krastan Blagoev
Tito Fojo
Rich Simon
PhD Candidates: 
Laurent Dercle 
Jingchen Ma

“Measure what is measurable, and make measurable what is not so”
Galileo Galilei

idea + team + plan = results
1% inspiration 99% perspiration
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