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Rationale: stratified medicine

e Motivating question: what is the optimal treatment to give to this
patient right now, given their current and previous characteristics?

e Moving beyond ‘one size fits all” approach to medicine
e “Right treatment at right dose to right person at right time”

e Also known as:
» Personalised/targeted/precision medicine

e We want to identify ‘predictive biomarkers’

» a measurement made before treatment to identify which
patient is likely or unlikely to benefit from a particular
treatment



Treatment response

e Consider an RCT comparing treated and control subjects, where
the aim is to find whether biomarker values can predict treatment
response

e For any subject the treatment response is an unobserved quantity
— unlike disease status or disease outcome

o After follow-up a continuous outcome for control subjects:

Outcome. = Baseline + Prognostic

Where Baseline is the level of outcome at beginning of study
And prognostic is the (treatment free) change over follow-up

e For treated subjects:
Outcomer = Baseline + Prognostic + Treatment response



Prognostic markers in a treated cohort

e For treated subjects:

Outcomer = Baseline + Prognostic + Treatment response

e Searching for prognostic markers of response in a treated only
cohort is akin to a (nested) case-control study:

Prognostic . QOutcome
Markers Responders
Treatment
Prognostic . QOutcome
Markers Non-responders




Predicting response

When are we interested in predicting response?
» For the individual patient who is responding
» But why they are responding?

e For non-responders, it doesn’t give enough information to decide
on an alternative treatment:

> treatment with a different mechanism (IL-6 vs. TNF-a)
» more likely to comply with treatment (oral vs. injection)

e So this can’t tell us about stratified medicine...

e Stratified medicine assists in treatment decision making for next
cohort of patients, not for current cohort...



Multiple markers

e How likely is it to be a single predictive marker?
» Cancer e.g. genotype of tumour
» Other disciplines...unlikely?

e For many diseases, combination of markers multi-modal markers
» E.g. imaging, genotype, clinical

e Question: how do we combine multiple markers into a rule for
treating patients?



Personalised treatment recommendations
(PTR)

e (Consider a randomised trial with randomisation variable A; € {0,1}

e A subject’s observed outcome following treatment is the value
under the control condition (Y,;), plus the change attributable to
treatment (Yy; — Yy;), if the subject was treated (4; = 1):

Y; = Yoi + 4;(Yq; — Yo1)

e Formally, a PTR is an algorithm that maps baseline biomarkers X
to a treatment decision:

PTR(x) : X » A{0,1}

e An outcome following an personalised treatment recommendation
based on X is given by:

Y; = Yy + PTR(X;) (Yq; — Yoi)



Personalised treatment recommendations
(PTR)

e The PTR might be a single biomarker (treat if aged at least 60):

PTR(x) = I(age = 60)

Or multiple biomarkers:

PTR(x) = I(age = 60 & blood pressure > 140/90mmHg)
where [ is the indicator function.

e There are numerous conflicting PTR’s for any set of biomarkers,
e.g. I(age = 40),1(age = 41) etc.



An optimal PTR

Define the treatment contrast as the difference in mean outcome
between treated and control subjects with the same biomarker
value(s):

A(X) — .u(A — 1rX) —,U(A — O,X)

Assuming higher values of outcome are better, an optimal PTR is
one that recommends treatment if the contrast is positive:

PTROPt(X) = I[A(X) > 0]

Note that zero is chosen by convention as the minimum change in
outcome required to recommend it over control.

» This can be substituted for any value, for example a minimum
threshold for improvement necessary to counter costs/side-
effects



Estimating a PTR: regression approach

e The regression approach specifies a linear model, with predictive
biomarkers included as treatment interaction terms

u(A,X) = ag + aXPr9 + A(B, + BXPTe9)

e The PTR under this model is:

PTR™9(X) = I{(B, + BXP"¢%) > 0}

i.e. treat if the estimated effect of treatment plus the predictive-
marker effects is greater than zero

e Fails to estimate the optimal treatment contrast when the
regression model is misspecified:

» for example uses the wrong link-function, or fails to include
interactions or higher order terms



Evaluating a PTR: does it improve on an
alternative policy?

A natural parameter to use to evaluate a PTR is the extent that it
improves on an outcome compared to an alternative policy:

e Compared with treating everybody:
6r = u{PTR(X)} —u{A =1}

» u{A =1} is the mean outcome in the treated

e Compared with not-treating everybody:
0¢c = Wf{PTR(X)} — u{A = 0}

e Positive 6 indicates a better outcome under treatment rule

e Choice between 6, and 6, should be based on what the default
policy would be



ptr.ado Stata command

e This programme estimates a PTR using (potentially multiple)
biomarker input(s) using the regression method.

e It also evaluates the PTR, comparing a biomarker based strategy
to one where everybody is either treated or in control group.

e Inference for theta using bootstrap procedures



ptr.ado Stata command

Weight=s for each modifier wvariable: inference from regression

Variable Weight td. . B [252% Conf. Interwvall

200728 . 81 . 1.314142 3.087313
433679 . 48281 . 487241 Z2.380118
-1.359547¢ . . -2.265968 -.5282711
-.0316271 -y : . 7 -.9654223 .9021681

I{ 2.20073 + 1.43368*X1 -1.389948*¥2 + -0.031&e3*X3 > 0)

Evaluating PTR: inference from Z2 bootstrap =samples

ja. [95% Conf. Intervall

1.097738 2.001105 (M)
1.017509 1.761549 (N)
-.6638116 .983597 (N)
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