Exploring the key clinical empirical observations
relevant to adaptive dosing
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The scandal of poor medical research
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Doug Altman “We need less research, better research, and
research done for the right reasons”



Outline

* Brief note on Preclinical Cancer Evolution studies
e Surrogate Biomarkers for Dose Adjustments
* Brief note on selection bias/observational studies



Preclinical Studies

Biggest criticism of preclinical studies in general involving
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Clinically Relevant Concentrations of Anticancer =3
Drugs: A Guide for Nonclinical Studies @ ~
DaneR. Liston and Myrtle Davis ~ Gme é
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Plot shows the mean free Cmax, maximal concentration, in -
plasma of targeted agents that have been approved ™
Its rare to be above 1uM — average concentrations over a 24
hour period will be even lower! 1e-04 1
Resistance in the clinic is happening at sub uM
concentrations!

Let’s explore a preclinical study on adaptive therapy...
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* Article discusses resistance to CDK inhibitors such as Palpociclib (clinical mean
free Cmax of 15nM, 0.015uM)

“cells were grown in the absence or presence of palbociclib (1 uM or 10 pM;
PD0332991, PD) for 24 h, 48 hand 72 h,”
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 Article discusses resistance to CDK inhibitors such as Palpociclib (mean free
Cmax of 15nM, 0.015uM)

“cells were grown in the absence or presence of palbociclib (1 uM or 10 uM;
PD0332991, PD) for24 h, 48 hand 72 h,”

* Another drug used NU6102 has an IC50 of 5 and 10 nM against its primary

targets CDK1/Cyclin B and CDK2/Cyclin A3 — doses of 50uM were used in the
experiments!

Quote from a colleague:
“Show me a drug that requires 50uM to be active and | will show you the door”
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Is there any preclinical ADT study that has used clinically
relevant drug concentrations?

In-vivo studies haven’t even measured drug levels — they vary a
lot across animals!



Adaptive therapy in the clinic —anyone for

* Example in NSCLC

e Patients who respond to treatments in
Oncology do live longer than those that 038
don’t

* Response here is a 30% or more reduction in
Sum of Longest Diameters (RECIST)

* The chances of having a patient respond
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* There are drugs that can lead to increase in
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Adaptive therapy in the clinic —anyone for

selection bias?

* Example in NSCLC

e Patients who respond to treatments in
Oncology do live longer than those that 038
don’t

* Response here is a 30% or more reduction in
Sum of Longest Diameters (RECIST)

* The chances of having a patient respond 021
in trials is ~¥20-30% on average

* There are drugs that can lead to increase in
response rate - but its not that many! o atrie

Responder exp 1,682 1605 1129 598 188 29 n

° In the example here |ts 20%! Respondercontrol 1012 968 651 343 91 10 5 ;
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Adaptive therapy goal is to optimise treatment for the 20-30% of patients who will do well anyway!
Where would you invest time/resource on the 20-30% that do well or the 70-80% that don’t?



Surrogate Biomarkers - ADT

In order to apply ADT a biomarker that fully captures the drug effect on the
efficacy end-point is needed — these don’t really exist so...

How much of the drug effect does a biomarker have to capture such that your dosing
decisions don’t lead to reduced efficacy?

Clinical Endpoint
Dose/Exposure (Overall
Survival)

Biomarker

Biomarker could be PSA, Imaging, Radiological Progression etc.

Let’s consider the prostate cancer ADT trial...
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Castration-Resistant Prostate Cancer
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* Overall Survival is the key end-point not PSA A

: . i ) ) open
progre55|on/radlologlca| progression etc. In Integrating evolutionary dynamics into treatment of

metastatic castration resistant prostate cancer metastatic castrate-resistant prostate cancer

Jingsong Zhang', Jessica J. Cunningham?, Joel S. Brown?3 & Robert A. Gatenby%#
e PSA/radiological progression are not surrogates!

e Abiraterone — CTC counts are known to be a better 3 @ Abiraterone acetate plus prednisone versus placebo plus
dy nam | C b | omar ke r th an PSA prednisone in chemotherapy-naive men with metastatic

castration-resistant prostate cancer (COU-AA-302):
final overall survival analysis of a randomised, double-blind,
o In the ADT StUdy: placebo-controlled phase 3 study
 Selection bias — patients have to respond to receive e st e
therapy — not the case in original trial
e Comparisons to the original trial are biased to favour
ADT and are invalid — trial patients are not chosen based
on responding to abiraterone
e “Control” arm is discussed but not disclosed on
clinicaltrials.gov

* Prognostic factors are a plenty...

Clinical Endpoint
(Survival)

Dose/Exposure

Radiological
Progression




Biomarkers — ADT — Observational Studies

ARTICLE
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Known prognostic factors: Age’ PSA’ LDH’ Hb’ Integratirjg evolutionary dynamics into treatment of
ALP site Of metastasis etc metastatic castrate-resistant prostate cancer
)

* Note these are easy to collect and are routinely
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collected
. > ) ® Abiraterone acetate plus prednisone versus placebo plus
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These factors are known to correlate to end- plcsbo-conraleaprasessmudy Factors

points independent of the drug dose/exposure

Charles  Ryan, Matthew R Smith, Karim Fizaz, Fred Saad, Peter F A Mulders, Cora N
S

When analysing a treatment effect you do want
to assess these — this cannot be done on total
27 patients (11 treated & 16 “control”) Dose/Exposure

* You would have a minimum of one parameter
per prognostic factor — you can see the
problem!

Clinical Endpoint
(Survival)

Be very sceptical of conclusions from what
is essentially an observational study with Radiological
little information on prognostics factors! Progression




All those PSA modelling studies...
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Quantifying the Amount of Variation in Survival Explained by
Prostate-specific Antigen’
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PSA? is the most widely used marker in the management of
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prostate cancer today. It has been evaluated for screening. to
define prognosis. and to assess therapeutic outcomes in several
well-defined clinical states (1). The extensive use of PSA in

thaca araac and nhearved ctatictical aceaciatinne hatwean variang
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between PSA and survival (P < 0.01, two-sided test). How-
ever, time-dependent PSA explains only 17% of the varia-
tion in survival.

Conclusions: Use of this methodology demonstrates that
there remains sufficient variation in survival unaccounted
for by PSA measurements in this patient cohort. Other
factors, perhaps unknown, exist that determine survival
outcome. Consideration of PSA alone as a surrogate can
produce misleading information regarding the risk of death;
its use as a surrogate for survival is not warranted when
designing a clinical trial in this patient population.

Most biomarkers only explain a modest amount of the survival
variance - we’ve known this for decades...



Clinical Observations Tumour Burden Time-
series

What have we learnt from decades of analysing tumour burden time-series data
from clinical trials (1000s of patients time-series data)...

1. The more we shrink tumours (by 1% visit 6-8 weeks) the longer the patient lives
a) The link between tumour shrinkage an end-points like PFS/OS is NOT drug independent
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Clinical Observations Tumour Burden Time-
series

What have we learnt from decades of analysing tumour burden time-series
data from clinical trials (1000s of patients time-series data)...

2. There is no correlation between how fast you shrink tumours and how
quickly the tumours grow back (mCRPC, metastatic melanoma and NSCLC)

Cancer Chemotherapy and Pharmacology (2018) 81:325-332
https://doi.org/10.1007/500280-017-3486-3
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Clinical Observations Tumour Burden Time-
series

What have we learnt from decades of analysing tumour burden time-series
data from clinical trials (1000s of patients time-series data)...

3. Tumour burden is a time-dependent prognostic factor

* Probability of experiencing an event (progression/death) in a time interval (t, t+dt) is
conditional on surviving up until that time window

* Probability of surviving up until that time window is dependent on level of tumour burden
leading up to that time-window
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Let’s assume the perfect biomarker exists...



Tumour Burden — Time-dependent predictor
of PFS/0S...

* What have people shown:
Semi-parametric Cox Model: h(t) = hy(t)e®TB®

Parametric Survival Models: hy(t) — baseline hazard is replaced by numerous distributions —
exponential, Weibull, log-normal etc.

Literature: coefficient ay good precision and is positive

* Over time your risk of experiencing an event (radiological

progression/death) is proportional to the amount of tumour burden
you have...

* Let’s consider an individual patient...



Tumour Burden as a Time-Dependent

Covarilate

* Choice of dynamical model that generates time-series is irrelevant -

Tumour Burden is directly

Simulate Literature
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When you link the output of the dynamical model to the survival models already
established the optimal strategy is to reduce the tumour burden as quickly as
possible and keep it low — continuous dosing!



Summary/Questions — ADT community

1.

Why isn’t there a randomized control trial exploring ADT?
a) Public health is not going to benefit from lots of under-powered, poorly analysed small trials

Why aren’t clinically relevant drug concentrations being used in preclinical experiments?
a) For many oral targeted drugs resistance is occurring with concentrations order few 100 nM at most

Why does the community ignore literature analyses done for the last 20-30 years showing that

:cA‘an%c?)ur burden is a time-dependent prognostic factor when exploring theoretical models of

a) Many papers provide mathematics/code etc. on how to combine tumour burden time-series with a time-
to-event model

In the theoretical models why has the community not explored the known fact that treatment
effect is not fully captured by any one single biomarker?

How does the community feel about the selection bias?

a)  Your hypothesis MAY only benefit 20-30% of patients who also happen to be the ones who benefit the
most from continuous therapy



The scandal of poor medical research
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Cite this as: BM/ 1994;308:283

Doug Altman “What, should we think about researchers who use the
wrong techniques (either wilfully or in ignorance), use the right
techniques wrongly, misinterpret their results, report their results
selectively, cite the literature selectively, and draw unjustified
conclusions? We should be appalled. Yet numerous studies of the
medical/scientific literature, in both general and specialist journals, have
shown that all of the above phenomena are common. This is surely a
scandal.”



Useful links

Dedicated Oncology individual patient data from trials —amazing resource that is underused
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Sphere

Growing use of mathematical/statistical modelling in the NHS — annual conferences, workshops etc.
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