Received: Added at production

Revised: Added at production

Accepted: Added at production

DOI: xxx/xxxx

ARTICLE TYPE

Supplementary material of ‘A novel approach to assess the
predictiveness of a continuous biomarker in early phases of drug

development’

Alessandra Serra*! | Julia Geronimi® | Sandrine Guilleminot® | Hugo Hadjur? |
Marie-Karelle Riviere’ | Gaélle Saint-Hilary> | Pavel Mozgunov!

]University of Cambridge, MRC Biostatistics Unit,
Cambridge, United Kingdom

*Department of Statistical Methodology, Saryga,
France

3Institut de Recherches Internationales Servier,

Gif-sur-Yvette, France

Correspondence
*Corresponding author name, This is sample
corresponding address.

Email: alessandra.serra@mrc-bsu.cam.ac.uk

Present address
This is sample for present address text this is sample

for present address text

Identifying and quantifying predictive biomarkers is a critical issue of personalised medicine approaches
and patient-centric clinical development strategies. In early stages of the development process, significant
challenges and numerous uncertainties arise. One of the challenges is the ability to assess the predictive
value of a biomarker, i.e. the difference in primary outcomes between experimental and placebo arms above
and below a certain threshold of the biomarker. Indeed, when the accumulated information is very limited
and the sample size is small, preliminary conclusions about the predictive properties of the biomarker might
be misleading.

To date, the majority of investigations regarding the predictiveness of biomarkers were in the setting
of moderate-to-large sample sizes. In this work, we propose a novel flexible approach inspired by the
Kolmogorov-Smirnov Distance in order to assess the predictiveness of a continuous biomarker in a clinical
setting where the sample size is small. Via simulations we show that the proposed method allows to achieve
a higher power to declare predictiveness compared to the existing methods under a range of scenarios, whilst

still maintaining a control of the type I error at a pre-specified level.
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1 | AKSA APPROACH

1.1 |  Algorithm

Algorithm 1 AKSA approach

1: Estimate jointly the model for each arm using a maximum likelihood estimator and

obtain the estimated biomarker-response fk(x) on the logit scale and its associated
standard error se(x) in each arm k€ {0,1}.

2: Define for a value x of the biomarker X, Dx(x) =ﬁ(x)—ﬁ)(x) and its standard error §x)=
\/ set(x) + sed(x)

3: Sample randomly and with replacement a large number, B, of couples of biomarker
values (x;,x;) such as x; <x;

4: For each sample c¢;=(x,x),i € {l,...,B}:
o Compute Dy(xz)—Dx(x;) and +/5(x1)? + §(x2)?
o Sample a value d; from a normal distribution with mean Dx(xz) - Dx(x]) and

standard deviation +/§(x1)? +§(x)?.
B
5. Compute P(DX>0)=W
6: If P(Dx >0)> asgsa, then declare that the biomarker is predictive.

1.2 | Theoretical properties

We consider the clinical trial setting described in Section 2 where the primary endpoint is the overall response rate (ORR). A
logistic relationship for the response-biomarker curve is considered, that is:
exp(bo + D1 Ty + b X x Ty + b3X)

= , Y® ~ Binom(N, 1
PE A exp(bo + b1 Ty + baX X Ty + b3X) inom(N. pe) 1

where T = 1 or T = 0 for the experimental or control arms respectively and N is the sample size. Let us consider X to be
uniformly distributed between a and b, that is X ~ (a, b).
The logistic regression model is used to fit the data, thus:

Y
logit(Y) ~ Ty, + X + T, x X, where logit(Y) = log (IY)

Let consider X, X, i U(a,b) and Xy, = max{X;,X2}, X, = min{X;,X,}. Then, let define fy,;(x) = % and f,,(x) =
(22) (%) to be the densities of X and X, respectively. Let define Dx(x,) — Dx(x;) =

((bo + by + boxy + b3xz) — (bo + b3x2)) X fu(x2) — ((bo + by + bax1 + b3x1) — (bo + b3x1)) X fru(x1)
= (b1 + baxz) X fy(x2) — (b1 + bax1) X fin(x1)

Then let marginalise over all possible values of x; < x», that is

b b
dyp b, = / (/ (b1 + baxs) X fu(x2) — (b1 + baxy) Xfm(xl)dx2> dx;
a X1

. . . d
and thus the normalised mean of the average difference is jip,.p, 4, = —5-=*. However, also the standard error of the average

difference (coming from the standard error of the estimated coefficients of the logistic regression) needs to be taken into account.
Thus, the same average difference is also computed considering the coefficients of the logistic regression being one standard
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deviation away from the mean, that is Dy by—sen, br—se, - The standard errors of the coefficients, se,,i € {0,...,3} are computed
following the equation in Section 5.5.2 of Agresti (20027,
To compute the standard error, define for the experimental arm:

b b
d =/ (bg + by + byx + bzx) fo(x)dx and d,, / (bg + by + byx + bzx) xfm(x) dx

then transform these on the probability scale:

1 1

= d m =
pu1 1 + exp(—dy1) anc pm 1 + exp(—du1)

and define p.| = m. Then, using the delta method? applied to the logit function transformation, the variance on the
logit scale for the experimental arm is computed as:

2
5 o X)X (Gt ) Sapan x 1) x (G

2 2
_ 1 1
_ M1 Pm Pl Pmi ) *+2Xper X (1-pe) X (l’(‘l + )
sel =

e

n
Similarly, the standard error is computed for the control arm with:

b b
dyo = / (by + b3x) XfM(X) dx and d,o = / (by + b3x) x fm(x) dx

then let us transform these on the probability scale:

1 1

= d mo = ——————————
pmo 1 + exp(—duo) anc pmo 1 + exp(—duo)

and define p.y = m. Then, the variance on the logit scale for the control arm is:

2 2
5 Pmox(1=pyo)x (L ! ) +2Xpeo X (1-pco) X (i+ L )
e2 =

- 1 + 1 -
pmo ~ 1-Pmo Ped PO

Pm0__1=Pmo

= /e 2
Spy = 4/ sey + se;

Thus, P(P(Dx > 0) > aiagsa) can be approximated by
P(P(Dx > 0) > agsa) = P(Z <€)

2
) +Pmo X (1fpm0) X (
no

and thus the total standard error is

where
Z ~ N = Dy by by — Dy by=sep br-senys O = SDy)

and € = —® ! (auxsn), that is the quantile of a standard normal distribution evaluated in cvagga-

2 | SCENARIOS FOR SIMULATION STUDY

Coefficients (term) | NPNPT | NPPT | NPNPNT | NPPNT | HPNP_50 | HPNP_40 | MPNP_30 | LPNP_20

bo -0.405 -1.655 | -0.405 -1.655 -0.405 -0.405 -0.405 -0.405

by 0.811 0.8 0 0 -1.428 -0.868 -0.45 -0.02

by 0 0 0 0 0.049 0.035 0.026 0.017

b3 0 0.026 0 0.026 0 0 0 0

True cutoff - 17 - 17 30 26 17 1
TABLE 1 True coefficients and true cutoff values for the logistic regression model for null scenarios and the alternative

scenarios without a prognostic effect.



4 Serra ET AL

Cutoff biomarker Placebo Experimental
Rate Below cut-off | Rate Above cut-off | Overall Rate | Rate Below cut-off | Rate Above cut-off | Overall Rate

NPNPT NA NA NA 0.4 NA NA 0.6
NPPT 17 0.19 0.47 0.42 0.35 0.65 0.6
NPNPNT NA NA NA 0.4 NA NA 0.4
NPPNT 17 0.19 0.47 0.42 0.19 0.47 0.42
HPNP_50 30 0.4 0.4 0.4 0.26 0.75 0.6
HPNP_40 26 0.4 0.4 0.4 0.31 0.7 0.6
MPNP_30 17 0.4 0.4 0.4 0.35 0.65 0.6
LPNP_20 1 0.4 0.4 0.4 0.4 0.6 0.6

TABLE 2 True response rates above and below a biomarker cutoff for the two treatment groups and for the following
scenarios: Non-Predictive Non-Prognostic scenario without treatment effect (NPNPNT), Non-Predictive Non-Prognostic
scenario with treatment effect (NPNPT), Non-Predictive Prognostic scenario with treatment effect (NPPT), Non-Predictive
Prognostic scenario without treatment effect (NPPNT), High Predictive No Prognostic scenario (HPNP_50), High Predictive
No Prognostic scenario (HPNP_40), Medium Predictive No Prognostic scenario (MPNP_30), Low Predictive No Prognostic
scenario (LPNP_20)

X ~ U(0, 100) X ~ T(0.049, 5) X ~ T(0.083,5) X ~ T(0.069, 5)
Scenario Placebo Experimental Placebo Experimental Placebo Experimental Placebo Experimental
Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate
Below | Above | Overall | Below | Above | Overall | Below | Above | Overall | Below | Above | Overall | Below | Above | Overall | Below | Above | Overall | Below | Above | Overall | Below | Above | Overall

cut-off | cut-off Rate cut-off | cut-off Rate cut-off | cut-off Rate cut-off | cut-off Rate cut-off | cut-off Rate cut-off | cut-off Rate cut-off | cut-off Rate cut-off | cut-off Rate
NPNPT NA NA 0.4 NA NA 0.6 NA NA 0.4 NA NA 0.6 NA NA 0.4 NA NA 0.6 NA NA 0.4 NA NA 0.6
NPPT 0.19 0.47 0.42 0.35 0.65 0.6 0.2 0.37 0.32 0.35 0.56 0.49 0.21 0.45 0.44 0.38 0.63 0.62 0.21 0.41 0.39 0.37 0.59 0.57
NPNPNT NA NA 04 NA NA 0.4 NA NA 0.4 NA NA 0.4 NA NA 0.4 NA NA 0.4 NA NA 0.4 NA NA 0.4
NPPNT 0.19 0.47 0.42 0.19 0.47 0.42 0.2 0.37 0.32 0.2 0.37 0.32 0.21 0.45 0.44 0.21 0.45 0.44 0.21 0.41 0.39 0.21 0.41 0.39
HPNP_50 0.4 0.4 0.4 0.26 0.75 0.6 0.4 0.4 0.4 0.26 0.65 0.43 0.4 0.4 0.4 0.33 0.7 0.64 0.4 0.4 0.4 0.3 0.67 0.55
HPMP_50 0.44 0.56 0.52 0.29 0.83 0.67 0.44 0.53 0.48 0.29 0.74 0.48 0.45 0.55 0.53 0.38 0.78 0.72 0.45 0.54 0.51 0.35 0.76 0.62
HPHP_50 0.49 0.76 0.68 0.34 0.9 0.73 0.49 0.7 0.58 0.34 0.83 0.55 0.54 0.73 0.7 0.46 0.87 0.8 0.52 0.71 0.65 0.42 0.85 0.71
HPNP_40 0.4 0.4 0.4 0.31 0.7 0.6 0.4 0.4 0.4 0.31 0.6 0.46 0.4 0.4 0.4 0.36 0.66 0.62 0.4 0.4 0.4 0.34 0.63 0.55
HPMP_40 0.42 0.51 0.49 0.33 0.76 0.65 0.42 0.49 0.46 0.34 0.67 0.5 0.43 0.5 0.49 0.39 0.72 0.69 0.43 0.49 0.48 0.37 0.69 0.61
HPHP_40 0.46 0.66 0.61 0.36 0.84 0.71 0.46 0.61 0.54 0.37 0.75 0.56 0.48 0.64 0.62 0.44 0.8 0.76 0.48 0.63 0.59 042 0.77 0.68
MPNP_30 0.4 0.4 0.4 0.35 0.65 0.6 0.4 0.4 0.4 0.35 0.56 0.49 0.4 0.4 0.4 0.38 0.63 0.62 0.4 0.4 0.4 0.37 0.59 0.57
MPMP_30 0.41 0.47 0.46 0.36 0.7 0.64 0.41 0.46 0.44 0.36 0.6 0.53 0.42 0.47 0.47 0.39 0.68 0.67 0.42 0.46 0.46 0.38 0.64 0.61
MPHP_30 0.43 0.59 0.56 0.37 0.77 0.7 0.43 0.54 0.5 0.38 0.66 0.57 0.44 0.57 0.57 0.42 0.75 0.74 0.44 0.55 0.54 041 0.7 0.67
LPNP_20 04 04 04 04 0.6 0.6 04 04 0.4 0.4 0.53 053 NaN 04 0.4 NaN 0.61 0.61 0.4 04 0.4 04 0.58 0.58
LPMP_20 0.4 0.44 0.44 0.4 0.64 0.63 0.4 0.43 0.43 0.4 0.55 0.55 NaN 0.44 0.44 NaN 0.65 0.65 0.4 0.44 0.44 0.4 0.61 0.61
LPHP_20 0.4 0.51 0.5 0.4 0.68 0.68 04 0.47 0.47 0.4 0.59 0.59 NaN 0.51 0.51 NaN 0.7 0.7 0.4 0.49 0.49 0.4 0.66 0.66

TABLE 3 True response rates above and below a biomarker cutoff for the two treatment groups, for each distribution of the
biomarker and for the following scenarios: Non-Predictive Non-Prognostic scenario without treatment effect (NPNPNT), Non-
Predictive Non-Prognostic scenario with treatment effect (NPNPT), Non-Predictive Prognostic scenario with treatment effect
(NPPT), Non-Predictive Prognostic scenario with treatment effect (NPPT), High Predictive No Prognostic scenario (HPNP_50),
High Predictive No Prognostic scenario (HPNP_40), Medium Predictive No Prognostic scenario (MPNP_30), Low Predictive
No Prognostic scenario (LPNP_20).

2.1 | Calibration of STEPP method

Various values of r; € {5, 15,25,35,45} (maximum number of patients in common in each biomarker-defined subgroup) and
ry € {10,20,30,40,50} (number of patients in each biomarker-defined subgroup) have been explored under the high predictive
non-prognostic scenario (HPNP_50) and when the distribution of the biomarker is X ~ U(0, 100) as this was found to be the
configurations (scenario and distribution of the biomarker) that was leading to the highest power compared to all other settings.
The obtained results are provided in Table ] It can be seen that for the specific analysed scenario, the choice of r; = 15 and
ry = 40 lead to the highest probability to declare predictiveness compared to the other values. Thus, these two parameters will be
used in the simulation study described in the next section.



r r STEPP method - agrgpp = 0.1
5 10 0.41
5 |20 0.48
5 |30 0.50
5 | 40 0.54
5 |50 0.37
15 | 20 0.45
15 | 30 0.54
15 | 40 0.58
15 | 50 0.47
25 | 30 0.44
25 | 40 0.54
25 | 50 0.54
35 | 40 0.48
35 | 50 0.49
45 | 50 0.41

TABLE 4 Probability to declare predictiveness under the STEPP method (described in Section 4.4) under the HPNP1_50
scenario, with a uniform distribution of the biomarker and asrrpp = 0.1
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3 | SENSITIVITY ANALYSES
3.1 | Results with data generated using a step function

Additional explorations have been conducted generating data which follow a step function relationship between ORR and
biomarker X, that is:
Pr = {pku x> e ORR ~ Binom(N, p)
pw X <c
where pi,, pr» are the response rates above and below the cut-off ¢ for arm k& € {0, 1} respectively and N is the sample size.
These response rates are summarised in Table [5]and examples of scenarios are provided in Figure [T}

Figure E] summarises the results for all methods, all null scenarios and all the considered distributions of the biomarker.
Overall, similar patterns between the methods to those observed in the previous section can be observed here. It can be observed
that under the null scenarios, the type I error rate is controlled at level 15% for all methods and biomarker scenarios. The only
exception, is when the type I error rate is slightly inflated for the interaction test method under the NPPT scenario when the
biomarker is Skewed gamma.

Figure 3| provides the results for all methods and the non-null scenarios considered in the study. In general, the results show a
much lower (below around 70% when the sample size is unbalanced) power for all methods, scenarios and distributions of the
biomarker compared to the results where the ORR-biomarker relationship is logistic. Moreover, under the scenarios where the
predictive effect is medium or low, the probability of detecting the predictive value is closer to the nominal alpha level of 15%.
The novel approach here shows similar results to the DeLong test for all considered cases.

3.2 | Results with a balanced sample size

Figures [ and [5] summarise the results for all methods and all the considered distributions of the biomarker when the sample size
is balanced between the experimental and the control arms, that is 40 patients in each treatment group, for all null and non-null
scenarios, respectively, when the data are generated considering a logistic distribution between the ORR and the biomarker
values (as described in Section 5.1).

Figures [6]and [7] summarise the results for all methods and all the considered distributions of the biomarker when the sample
size is balanced between the experimental and the control arms, that is 40 patients in each treatment group, for all null and
non-null scenarios, respectively, when the data are generated considering a step function between the ORR and the biomarker
values (as described above).

Overall, similar patterns of the results to those observed in Section 5.3 can be observed here. Under the null scenarios, the
type I error rate is controlled at level 15% for all methods (except for the interaction test with binary outcome method where
there is an inflation up to 7% and slightly for the IT and AKSA methods in some scenarios) and distributions of the biomarker.

The novel approach leads in general to similar or slightly higher power compared to the DeL.ong test and to the standard
interaction test (up to around 15%). All other methods lead to a lower power to detect a predictive value of the biomarker. In
general, the balanced sample size leads to higher power compared to the 40:20 setting (for example when the biomarker is
uniform and the sample size is 40:40, the power for the novel approach ranges from around 40% up to 92% for all non-null
scenarios compared to the other distributions of the biomarker).

Figures [§|and [9] summarise the results for all methods and all the considered distributions of the biomarker when the sample
size is balanced between the experimental and the control arms, that is 100 patients in each treatment group, for all null and
non-null scenarios, respectively, when the data are generated considering a logistic distribution between the ORR and the
biomarker values (as described in Section 5.1).

Figures[10]and [T T] summarise the results for all methods and all the considered distributions of the biomarker when the sample
size is balanced between the experimental and the control arms, that is 100 patients in each treatment group, for all null and
non-null scenarios, respectively, when the data are generated considering a step function between the ORR and the biomarker
values (as described above).

Overall, similar patterns of the results to those observed before can be observed here.



3.3 | Results with data generated using a step function

Cutoff biomarker (c) Placebo Experimental
Pob P0a Overall Rate | pyp Pla Overall Rate
NPNPT NA NA NA 04 NA NA 0.6
NPPT 17 0.19 | 047 0.42 0.35 | 0.65 0.6
NPNPNT NA NA NA 0.4 NA NA 04
NPPNT 17 0.19 | 047 0.42 0.19 | 047 0.42
HPNP_50 30 0.4 0.4 0.4 0.26 | 0.75 0.6
HPMP_50 30 0.44 | 0.56 0.52 0.29 | 0.83 0.67
HPHP_50 30 0.49 | 0.76 0.68 0.34 0.9 0.73
HPNP_40 26 0.4 0.4 0.4 0.31 0.7 0.6
HPMP_40 26 042 | 0.51 0.49 0.33 | 0.76 0.65
HPHP_40 26 0.46 | 0.66 0.61 0.36 | 0.84 0.71
MPNP_30 17 04 0.4 0.4 0.35 | 0.65 0.6
MPMP_30 17 0.41 | 047 0.46 0.36 0.7 0.64
MPHP_30 17 0.43 | 0.59 0.56 0.37 | 0.77 0.7
LPNP_20 1 0.4 04 0.4 04 0.6 0.6
LPMP_20 1 0.4 0.44 0.44 0.4 0.64 0.63
LPHP_20 1 04 0.51 0.5 04 0.68 0.68

TABLE 5 True response rates above and below a biomarker cutoff for the two treatment groups and for all considered scenarios.

Examples of the considered scenarios are represented in Figures|[T}

Bomakervae . omarkervalue

FIGURE 1 True alternative scenarios for step function: HPNP-50 High Predictive No Prognostic scenario with 50%
predictive effect (left); MPNP-30 Moderate Predictive No Prognostic scenario with 30% predictive effect (right).
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FIGURE 2 Results for all null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:20 patients
(experimental:control). Data are generated using a step function.
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FIGURE 3 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and whenthe sample size is 40:20 patients
(experimental:control). Data are generated using a step function. Columns in the graphs represent the prognostic effect (N = null,
M = moderate and H=high). On the x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%).
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Results with a balanced sample size

Total number of patients equal to 80
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FIGURE 4 Results for all null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:40 patients
(experimental:control). Biomarker-response data are generated following a logistic function.
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FIGURE 5 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:40 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a
logistic function.
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FIGURE 6 Results for all null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:40 patients

(experimental:control). Data are generated using a step function.



13

Uniform Less Skewed Gamma
None Moderate High None Moderate High
@ 1 1
£ 0.9- 0.91
R L | TR T | EEEEEEEEEEE I et | LT T T EEE T T | EEEREEEEEEEEE:
@ 0.7t-----------g-|r-----------g-|f-"~-""-------- [ e ) e e ]
o 0.61 0.6
(_“)’ 0.51 0.5+
S 0.4 0.41
o)
< 0.3 0.3
= 021 0.21
‘S 0.154 0.15+
e}
=
o 0 0
O © © © © O © © o o o o O © © © © O © © © o o o
N ™ <t Yo} N ™ <t 0 N ™ < L N o <t Yo} N o <t Te} N ™ < Yo}
Predictive effect Predictive effect
Medium Skewed Gamma Skewed Gamma
None Moderate High None Moderate High
2 1 1
]
S 0.91 0.9
R R | GREEEEEEEEEEE | EEEFEEEEEEEE e | L
g 0.7 07t--------Ff |- |~~~
o 0.6 0.6
% 0.51 0.51
S 0.4 0.4
e]
< 0.34 0.3
= 0.21 0.2
8 0.151 0.157 F
Ke)
e
o 0 0
O O O O © O O O O O O o O O O O © O O O O O O o
N (32 < Yo N (32 <t w0 N o < Yo N o < Yo N (a2} <t Yo N o <t Yo
Predictive effect Predictive effect

Methog = 'TD_ = LR - Cutoff - STEPP
- AKSA - IT Delong
FIGURE 7 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:40 patients
(experimental:control). Data are generated using a step function. Columns in the graphs represent the prognostic effect (N = null,
M = moderate and H=high). On the x-axis instead, the predictive effect is reported (20%, 30%, 40% or 50%).
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FIGURE 8 Results for all null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 100:100 patients
(experimental:control). Biomarker-response data are generated following a logistic distribution.
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FIGURE 9 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 100:100 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a
logistic distribution.
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FIGURE 10 Results for all null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 100:100 patients
(experimental:control). Data are generated using a step function.
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FIGURE 11 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 100:100 patients
(experimental:control). Data are generated using a step function. Columns in the graphs represent the prognostic effect (N = null,
M = moderate and H=high). On the x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%).
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FIGURE 12 Results for all null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 20:10 patients
(experimental:control). Biomarker-response data are generated following a logistic distribution.
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FIGURE 13 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 20:10 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a
logistic distribution.
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ADDITIONAL SCENARIOS

Coefficients (term) | HPNP2_50 | HPNP2_40 | MPNP2_30 | LPNP2_20
by -0.405 -0.405 -0.405 -0.405

by -1.863 -1.36 -0.853 -0.465

by 0.045 0.034 0.024 0.017

bs 0 0 0 0

True cutoff 42 40 35 28

TABLE 6 True coefficients and true cutoff values for the logistic regression model for null scenarios and the alternative
scenarios without a prognostic effect.

Placebo Experimental
Rate Below cut-off | Rate Above cut-off | Overall Rate | Rate Below cut-off | Rate Above cut-off | Overall Rate
HPNP2_50 0.4 0.4 04 0.22 0.69 0.5
HPMP2_50 0.45 0.56 0.51 0.26 0.79 0.57
HPHP2_50 0.52 0.76 0.66 0.32 0.89 0.65
HPNP2_40 0.4 0.4 0.4 0.26 0.64 0.49
HPMP2_40 0.43 0.52 0.48 0.29 0.73 0.55
HPHP2_40 0.48 0.68 0.6 0.33 0.83 0.63
MPNP2_30 0.4 0.4 0.4 0.3 0.59 0.49
MPMP2_30 0.42 0.48 0.46 0.32 0.66 0.54
MPHP2_30 0.45 0.6 0.55 0.35 0.74 0.61
LPNP2_20 0.4 0.4 04 0.35 0.55 0.5
LPMP2_20 0.41 0.45 0.44 0.36 0.6 0.53
LPHP2_20 0.43 0.53 0.5 0.38 0.67 0.59

TABLE 7 True response rates above and below a biomarker cutoff for the two treatment groups and for the second set of scenarios
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| Results with a total sample size of 60 (40:20) patients

Uniform

None

Moderate

High

o—o—o—9
O O O O © O O O O o O o
N »® ¥ O N O I O N o S O
Predictive effect
Medium Skewed Gamma
None Moderate High

20+
30+
40+
50+

o

Predictive effect

- |[TD

Method

Less Skewed Gamma

None

Moderate

High

0.2+
LT T e e ] it
O_
O O ©O O © O O O O o o©o o
N » ¥ © N o I O N o S O
Predictive effect
Skewed Gamma
None Moderate High

o O
N ™

- LR -» Cutoff -= STEPP
- AKSA - T

Delong

Predictive effect

50+

FIGURE 14 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:20 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a
logistic function.



22 | Serra ET AL

4.1.2 | Results with a total sample size of 80 (40:40) patients
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FIGURE 15 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:40 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a
logistic function.
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4.1.3 | Results with a total sample size of 200 (100:100) patients
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FIGURE 16 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 100:100 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a
logistic function.
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4.2 | Biomarker-response data are generated following a step function
421 | Results with a total sample size of 60 (40:20) patients
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FIGURE 17 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:20 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a step
function.
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FIGURE 18 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 40:40 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a step

function.
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4.2.3 | Results with a total sample size of 200 (100:100) patients
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FIGURE 19 Results for all non-null scenarios and for all approaches: interaction test (IT), interaction test with a dichotomous
bmk (ITD), likelihood ratio test (LR), STEPP approach (STEPP), probability to find a cutoff (Cutoff), DeLong test (DeLong),
difference between two curves (AKSA) for different distributions of the biomarker and when the sample size is 100:100 patients
(experimental:control). Columns in the graphs represent the prognostic effect (N = null, M = moderate and H=high). On the
x-axis instead the predictive effect is reported (20%, 30%, 40% or 50%). Biomarker-response data are generated following a step
function.
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5 | QUALITATIVE INTERACTION TEST

A biomarker is predictive if it can be shown that there is an interaction between the treatment effect and the biomarker status.
However, the interaction can be of two types: qualitative and quantitative”. Quantitative interactions look at whether there is
a positive treatment effect in both two biomarker subgroups (e.g. biomarker-positive and negative patients) but the amount
of treatment benefit is different for the two subgroups. The qualitative interaction instead looks at whether there is a positive
treatment effect in one subgroup and not in the other, that is whether the treatment effects in both subgroups have or not the
same sign (e.g. higher response rate in both subgroups or not). Thus, additionally, to the approaches presented in this work, a
qualitative interaction test has also been explored®. The biomarker space is divided into two subgroups X > 7iz and X < 7z (above
and below the estimated median /) and for each subgroup, a linear logistic model with only the treatment as a covariate is used
to fit the data, that is

e Model 1: Y® ~ T, when X > i
e Model 2: Y® ~ T, when X < i

and the treatment effects &, and &, and their corresponding standard errors ses, and ses, from Model 1 and Model 2 are estimated.
The null hypothesis we are interested in is that there are no crossover interactions. That means

Hy:6,<0N&p<0o0r Hy:6;>0N5h >0

Then the likelihood ratio test of this hypothesis is applied as described in Gail and Simon (1985)%. The p-value of the test is
then compared to the threshold «p (chosen to control the type I error rate at level o). If the p-value is less than «y, then the
biomarker is declared as predictive.

51 | Results for all scenarios for qualitative interaction test

Total SS 60 Total SS 80 Total SS 200
X ~ U(0,100) | X ~T(0.083,5) | X ~T(0.069,5) | X ~T(0.049,5) | X ~U(0,100) | X ~T(0.083,5) | X ~T(0.069,5) | X ~T(0.049,5) | X ~ U(0,100) | X ~T(0.083,5) | X ~T(0.069,5) | X ~ I'(0.049,s)

NPNPT 0.06 0.07 0.07 0.06 0.05 0.05 0.05 0.05 0.01 0.01 0.01 0.01
NPPT 0.07 0.06 0.07 0.06 0.05 0.06 0.05 0.06 0.01 0.01 0.01 0.01
NPNPNT 0.13 0.13 0.14 0.14 0.15 0.16 0.17 0.16 0.15 0.15 0.15 0.14
NPPNT 0.12 0.13 0.13 0.11 0.15 0.15 0.16 0.15 0.15 0.15 0.14 0.15
HPNP1_50 0.29 0.16 0.29 0.39 0.33 0.16 0.35 0.53 0.4 0.1 0.4 0.8
HPMP1_50 0.26 0.14 0.26 0.35 0.29 0.15 0.33 0.47 0.4 0.11 0.41 0.75
HPHP1_50 0.13 0.08 0.18 0.29 0.18 0.11 0.24 0.37 0.38 0.13 0.39 0.62
HPNP1_40 0.22 0.14 0.21 0.29 0.25 0.13 0.25 0.37 0.25 0.07 0.25 0.55
HPMP1_40 0.22 0.13 0.2 0.26 0.24 0.12 0.23 0.35 0.24 0.08 0.25 0.53
HPHP1_40 0.15 0.1 0.17 0.25 0.2 0.11 0.21 0.31 0.25 0.08 0.24 0.49
MPNP1_30 0.16 0.11 0.15 0.2 0.18 0.1 0.17 0.27 0.13 0.04 0.12 0.33
MPMPI_30 0.17 0.1 0.15 0.2 0.17 0.1 0.17 0.25 0.13 0.04 0.13 0.31
MPHP1_30 0.14 0.1 0.14 0.2 0.16 0.09 0.14 0.24 0.13 0.05 0.12 0.28
LPNP1_20 0.1 0.08 0.11 0.13 0.1 0.07 0.11 0.15 0.06 0.02 0.05 0.12
LPMPI1_20 0.11 0.08 0.1 0.14 0.1 0.07 0.1 0.15 0.05 0.02 0.05 0.11
LPHP1_20 0.1 0.08 0.1 0.13 0.1 0.08 0.1 0.15 0.05 0.02 0.05 0.11
HPNP2_50 0.45 0.32 0.37 0.32 0.58 0.39 0.51 0.41 0.8 0.54 0.78 0.59
HPMP2_50 0.42 0.3 0.35 0.29 0.55 0.39 0.47 0.37 0.8 0.52 0.73 0.48
HPHP2_50 0.28 0.2 0.27 0.23 0.36 0.28 0.36 0.26 0.73 0.5 0.61 0.34
HPNP2_40 0.35 0.25 0.3 0.26 0.46 0.33 0.39 0.36 0.68 0.43 0.63 0.53
HPMP2_40 0.34 0.25 0.28 0.25 0.44 0.31 0.37 0.34 0.66 0.42 0.59 0.47
HPHP2_40 0.29 0.2 0.24 0.23 0.38 0.27 0.34 0.29 0.64 0.41 0.52 0.4
MPNP2_30 0.27 0.19 0.22 0.22 0.33 0.23 0.29 0.29 0.47 0.29 0.4 0.43
MPMP2_30 0.25 0.19 0.22 0.22 0.34 0.24 0.27 0.28 0.45 0.26 0.41 0.42
MPHP2_30 0.24 0.17 0.2 0.21 0.3 0.23 0.26 0.27 0.43 0.27 0.36 0.38
LPNP2_20 0.2 0.15 0.17 0.18 0.24 0.17 0.2 0.23 0.27 0.17 0.24 0.31
LPMP2_20 0.19 0.16 0.17 0.18 0.23 0.18 0.21 0.23 0.27 0.16 0.24 0.31
LPHP2_20 0.19 0.15 0.17 0.19 0.23 0.17 0.2 0.23 0.27 0.16 0.23 0.29

TABLE 8 Results for all scenarios, all distributions of the biomarker and all sample sizes (SS) for the qualitative interaction
test where the oy = 0.27. Biomarker-response data are generated following a logistic function.
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Total SS 60 Total SS 80 Total SS 200
X ~ U(0,100) | X ~ (0.083,5) | X ~ [(0.069,5) | X ~ ['(0.049,5) | X ~ U(0,100) | X ~ ['(0.083,5) | X ~ ['(0.069,s5) | X ~ [(0.049,5) | X ~ U(0,100) | X ~ I'(0.083,5) | X ~ ['(0.069,5) | X ~ L'(0.049,5)

NPNPT 0.06 0.07 0.07 0.06 0.05 0.05 0.05 0.05 0.01 0.01 0.01 0.01
NPPT 0.07 0.07 0.08 0.07 0.06 0.06 0.06 0.06 0.01 0.01 0.01 0.02
NPNPNT 0.14 0.14 0.13 0.14 0.15 0.16 0.15 0.15 0.15 0.14 0.14 0.15
NPPNT 0.15 0.14 0.14 0.13 0.16 0.15 0.15 0.14 0.14 0.14 0.14 0.14
HPNPI1_50 0.16 0.06 0.19 0.42 0.18 0.04 021 055 0.3 0.01 0.17 0.79
HPMP1_50 0.19 0.08 021 0.38 0.22 0.07 0.26 051 0.22 0.03 0.27 0.77
HPHP1_50 0.17 0.09 0.19 0.27 0.23 0.13 0.24 0.35 0.36 0.3 0.39 0.59
HPNPI_40 0.12 0.05 0.11 031 0.11 0.03 0.11 0.41 0.05 0 0.05 0.58
HPMPI_40 0.13 0.07 0.12 0.29 0.15 0.04 0.13 0.39 0.08 0.01 0.09 0.56
HPHP1_40 0.15 0.08 0.13 027 0.17 0.08 0.17 035 0.16 0.03 0.15 057
MPNPI_30 0.07 0.04 0.06 0.14 0.06 0.03 0.05 0.15 0.01 0 0 0.11
MPMPI_30 0.08 0.05 0.07 0.15 0.07 0.04 0.05 0.17 0.02 0 0.01 0.13
MPHP1_30 0.1 0.06 0.08 0.16 0.1 0.06 0.08 0.18 0.05 0.01 0.03 0.17
LPNP1_20 0.06 0.07 0.06 0.07 0.05 0.05 0.05 0.05 0.01 0.01 0.01 0.01
LPMP1_20 0.07 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.01 0.01 0.01 0.01
LPHP1_20 0.07 0.08 0.08 0.08 0.07 0.07 0.07 0.06 0.01 0.02 0.02 0.02
HPNP2_50 0.36 03 045 0.26 043 039 0.6 035 0.68 047 0.87 0.52
HPMP2_50 035 03 0.39 0.22 047 041 053 0.29 0.71 0.56 0.84 0.38
HPHP2_50 0.28 0.25 03 0.16 0.39 033 0.4 0.18 0.69 0.6 0.69 0.19
HPNP2_40 0.29 0.22 035 0.23 0.37 0.26 047 031 0.49 031 0.74 043
HPMP2_40 0.28 0.22 0.34 0.22 0.36 0.28 0.44 0.27 0.51 0.33 0.71 0.42
HPHP2_40 0.25 0.23 0.3 0.2 0.34 0.27 0.39 0.24 0.53 0.39 0.68 0.31
MPNP2_30 0.18 0.14 024 023 0.23 0.16 031 03 0.28 0.12 041 047
MPMP2_30 0.19 0.15 0.24 023 0.23 0.16 0.29 0.29 03 0.15 042 0.42
MPHP2_30 0.19 0.15 021 02 0.23 0.18 027 025 031 0.18 0.4 0.36
LPNP2_20 0.14 0.11 0.14 0.19 0.15 0.11 0.17 025 0.14 0.06 0.14 035
LPMP2_20 0.15 0.12 0.15 02 0.16 0.11 0.16 0.26 0.13 0.06 0.14 035
LPHP2_20 0.15 0.11 0.15 0.18 0.16 0.12 0.16 025 0.13 0.06 0.15 0.34

TABLE 9 Results for all scenarios, all distributions of the biomarker and all sample sizes (SS) for the qualitative interaction
test where the cp = 0.27. Biomarker-response data are generated following a step function.
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