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Early phase dose-finding designs

Early phase dose-finding designs typically rely on short-term outcomes.

e BOIN design (phase I): finding the maximum tolerated dose (MTD)
based on toxicity.

o BOIN12 design (phase I-11): identifies the optimal biological dose
(OBD) by considering both toxicity and short-term efficacy.

These designs rely on the assumption that selecting a dose based on
short-term outcomes ensures long-term therapeutic success.

However, the selected dose may result in suboptimal survival due to high
relapse rates.
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Figure 1: A dose-finding trial that failed.
Thall et al. (2023) proposed a generalized Bayesian phase I-Il (Gen I-11)
design to optimize the long-term therapeutic success.

o First, a conventional phase I-Il design based on short-term outcomes
identifies a set of candidate doses.

o Additional patients are then randomized among these candidates, and
the final dose is selected based on long-term therapeutic success.
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Background and Motivation

@ The trial considered in the Gen I-ll design aims to optimize the dose
of chimeric antigen receptor (CAR) natural killer (NK) cells for
advanced hematologic malignancies.

Table 1: Three Disease Subgroups in the CAR NK Cell Trial

Disease Group Description
1 AML, ALL, CMML, MDS, and blastic CML
2 Non-T-cell Hodgkin's and non-Hodgkin's lymphoma
3 T-cell non-Hodgkin's lymphoma

AML = acute myelogeneous leukemia, ALL = acute lymphocytic leukemia, CMML =
chronic myelomonocytic leukemia, MDS = myelodysplastic syndrome, and CML =
chronic myelogeneous leukemia.

@ The Gen I-ll design assumed homogeneous outcome distributions
across these subgroups and ignored patient heterogeneity.
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To solve this issue, we paopose PGen I-II designs to refine Gen I-Il design
by accounting for patient heterogeneity across subgroups.

Notations:

e Yj€{0,---,L;— 1} denotes ordinal efficacy (j = E) and toxicity
(j= T) outcomes over [0, t;].

@ Y5 denotes the time to failure over the longer follow-up period [0, t2].
@ Dose values d; for levels j=1,---, J.

e g {1,---, G} represents pre-specified subgroups.

o Latent cluster membership variables z= (z;, -+ ,z5): z; = 1 and

for g > 2, if subgroup j € {1,...,g— 1} is in the same cluster as g,
set zg = zj. Otherwise, z; = maxje(1,. g1y Zi + L.

Thus, if zg = zy for g # g, subgroups g and g’ are combined into the
same cluster.
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Dose-Outcome Model

To construct a parametric model for p(YEg, Y7 | d, g), we adopt the
multivariate probit latent variable approach.

@ (Xg, X1) denote real-valued latent variables following the bivariate
normal distribution

(XE’ XT) dg ~ N2((:U“E(d7g)v MT(dag))7 o o1 ,

Jg12 022
where 011 =0 =1 and —1 < o1p < 1.
@ Given real-valued cutpoints, we obtain
0 ifng < Xe<m 0 if (o< Xr< (@1
1 if m < Xe<m 1 if (1 < XT< G
YE = ) YT: ’
Le—1 ifme1 < Xe<my Lr—1 if Q1 < Xe< iy

where n1 = (3 = 0 to ensure identifiability.
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Dose-Outcome Model

@ For efficacy, we assume the flexible four-parameter Emax model

a17gda31g
asz.g 3 :
OOy + d*3e

|Emax I. B

pe(d, g) = aog+

effect (% of maximal)
8

ECso

0 1 10 100 1000 10000

drug concentration

@ For toxicity, we model more simply as p7(d, g) = Bo,g + 51,60
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Dose-Outcome Model

@ Given an elicited utility function U(yg, yT), the early outcome
optimality criterion for dose d in subgroup g is the mean utility

¢er(d.g) = Y wlye yr| d.g 0e7) Ulye, y7)-
YEYT

@ In the CAR NK Cell Trial, Ys is progression-free survival (PFS) time
and [Ye = 0] means progressive disease (PD).
o Define Y5 = (Ys — t1) [(Ye > 0) as the treatment failure time
starting from t;. If Yg =0, then Y5 =0.
@ The long-term dose optimality criterion is defined as the
long-term success probability
¢s(d.g) =Pr(Ys>t2| d,g) =Pr(Ys >t — 11| d,g)
Le—1
= > Pr(Ye=y|dg)Pr(Ys>tr—t1|d,g Ye=).
y=1
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Dose-Outcome Model

o For robustness, we assume that Y’ follows a piecewise exponential
(PE) distribution, with the following PE hazard function

K
hS(t| YE7 YT7 dag7 05) = {Z)\k I(Ckfl <t< Ck)}

k=1
J
x exp | Veyeg T 1T vre+ D Wsglld=d) |, >0,
=1

where Y“'E' represents values of Yg > 0, A\, represents the baseline PE
hazard on the k" subinterval and VElg = VT,0e = VD1,¢g = 0.

o Let DY represent the data on (Y7, Yg), DZ represent the data on
Ys, and D" represent the complete dataset for the first n patients.
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Adaptively clustering

We use the latent cluster membership vector z to adaptively cluster similar
subgroups:

@ Each possible configuration of z represents a model, indexed by
v=1--- M. If G=3, there are M =5 possible models

v=1 if ( )
v=2 if ( )
v=3 if z=(1,21),
v=4 if z=(1,2,2),

(1,2,3)

v=5 if z=

@ Assume a discrete uniform prior: Pr(v = k) =1/5, k=1,--- 5.

@ Due to the adaptive model dimension change, we use
Reversible-Jump Markov Chain Monte Carlo (RJIMCMC) to
obtain posterior samples on spaces of varying dimensions.

Saijun Zhao (IUSM) Precision Generalized Phase |-l Designs 13 / 30



Dose Optimality Criteria

The following criteria will be used by the PGen I-1I design:
o The early-term dose optimality criteria:

$ET(dag’ Dir) = /¢ET(dag| Ok, Zg) P(OET Zg | DEr) dOET dzg.

@ The long-term dose optimality criteria:

ds(d.g| D) = / os(d.g| 8) p(8 | D") db.

@ The posterior predictive probability that the long-term optimality
criterion for dose d in subgroup g is greater than ?5 is given by:

Pr{os(d.g| D7) > 65| D"} = [ Pr{os(die) > o516} 6| D7) b.
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Dose Acceptability Criteria

@ For j= E, T and each (d, g), denote the vector of L; marginal early
outcome probabilities by:

Wj(dv 8, OJ) = (WJ(O | da 8, aj)v 7Tj(1 | d’ 8, 01)5 to 77Tj(Lj -1 | d7 8, 9]))/ .
o We say that a dose d is acceptable for subgroup g if:

Pr{bmwe(d, g,0€) > g | DEr} > pE,
Pr {b/TTI'T(d, g, 97’) <TT ‘ DET} > pT,

(1)
where bg and bt are design parameter vectors with all entries 0 or 1,

and mg and 7T are prespecified fixed limits.
o In our illustration, bg = (0,---,0,1); _ and by =(0,---,0,1) .
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PGen I-Il design

The PGen I-1l design has three stages:
@ the sample size for each stage: n;
@ the overall sample size is N = ny + n» + ns;
@ the sample size for subgroup g in stage s: nsg;

o the sample size for subgroup g with dose dj: ns(d}).

Stage 1:

@ Due to limited within-subgroup sample sizes, the PGen I-Il design
temporarily ignores subgroups, using the BOIN12 design to assign
doses and determine an acceptable dose set A for all subgroups
combined.

@ Other phase I-ll designs can also be used in stage 1.
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PGen I-Il design

Stage 2:
@ For each subgroup g, no ; additional patients are randomized fairly
among the acceptable doses in Ag,

@ At the end of Stage 2, for each g, a subgroup-specific acceptable dose

set Azl-,?-g is determined using the criteria in (1). The acceptable dose

set in subgroup g is defined as
APz = {d e AP Pr{os(dg) > 65| D™} > ps. |
@ The maximum over the set of acceptable doses for subgroup g is

PETg = Max oer(di, g | D™2).
'j ET,g

A candidate dose set for subgroup g then is defined as
ce = {dy e AZ2: Ger(dy 8| D™) > p O}
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PGen I-Il design

Stage 3:
@ For each subgroup g, n3 g additional patients are randomized among
the doses in Cg"12 and followed to time t>.
@ Denote N123.g = Mg+ N2 g+ N3¢
@ The updated candidate dose set Cév must satisfy both the toxicity
requirement in (1) and the minimal long-term success probability
requirement, formally

Cév = {dj c Cgu : Pr {b/-,—ﬂ'T(dj, g071)<7r| DN} > pe,T.L
and Pr {s(d; ) > 65| DV} > pe s |-

In our simulated design, we used pc 7., = .10 and pc 5, = .50.
@ The optimal dose for that subgroup is the acceptable dose that
maximizes the estimated long-term benefit criterion,

d°Pt8 = argmax ¢s(d;, g | DV). (2)
diecy
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Schematic for the PGen I-1l design

STAGE

Stage 1

Acceptable dose set A%

DATA

. Whole population
’ Subgroup 2

. Subgroup 3 DZ‘T

Saijun Zhao (IUSM)

Precision Generalized Phase |-l Designs



Schematic for the PGen I-1l design
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Schematic for the PGen I-1l design
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© Simulation Study
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Simulation
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Scenario 4
Subgroup g=1 g=2 g=3
% 1 1 1
Dose(d) dg dl d2 d3 d4 do dl d2 d3 d4 do dl dz d3 d4
7 (1|d,g) 010012 0.14 016 010 0.12 0.14 016  0.10 0.12 0.14 0.16
mive (1]d.g) 030030 0.20 015 030 030 0.20 0.15  0.30 0.30 0.20 0.15
7d%e (2| d.g) 035050 0.70 0.80  0.35 050 0.70 0.80  0.35 0.50 0.70 0.80
Pirue(d, g) 54.0 65.1 76.9 825  54.0 651 76.9 825  54.0 651 76.9 825
olve(d, g) 0.40 0.50 0.70 0.60 040 0.50 0.70 0.60  0.40 0.50 0.70 0.60
PGen I-II Selection % 2.3 41 64 78.8 8.4 21 3.6 47 8l1 85 22 45 4.4 75
Patients 81 111 13.6 115 85 111 13.5 115 110 145 18.1 152
PGen I-Il-Comb Selection % 2.2 22 5.5 89 22 22 55 89 22 22 55 812 89
Patients 77 113 13.7 116 80 112 13.8 115  10.6 147 18.3 153
PGen I-IkET  Selection % 2.0 12 45 14.1 78220 10 45 14.2 783 19 16 42 13.7 786
Patients 81 11.2 13.5 11.6 84 111 13.5 115  11.0 144 17.9 154
PGen I-I-Sep  Selection % 2.3 11.7 17.3 58.8 0.0 2.5 144 17.6 56.3 9.2 2.1 11.4 153 61.9 9.3
Patients 83 111 13.4 115 86 11.0 13.5 113 112 146 17.9 152
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Simulation Settings

Scenario 5 - Subgroup 1 Scenario 5 - Subgroup 2 Scenario 5 - Subgroup 3

outcome outcome outcome
2z = 2
3 - Tox 3 - Tox 3 -~ TOX
s 8 kS
5 - EFF 8 - EFF 8 - EFF
s - pFs 2 - pFs 2 - PFS

1 2 3 4 1 2 3 4 1 2 3 4
dose dose dose
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Scenario 5
Subgroup g=1 g=2 g=3
2 1 2 1
Dose(d) dg dl d2 d3 d4 do dl d2 d3 d4 do dl dz d3 d4
wie (1 d,g) 0.10 0.12 0.14 0.16 0.08 0.08 0.10 0.10 0.10 0.12 0.14 0.16
wive (1|d,g) 0.30 0.30 0.20 0.15 0.40 0.40 0.40 0.35 0.30 0.30 0.20 0.15
e (2] d, g) 0.35 0.50 0.70 0.80 0.55 0.55 0.55 0.60 0.35 0.50 0.70 0.80
PEye(d, g) 54.0 65.1 76.9 82.5 73.3 73.3 726 75.0 54.0 65.1 76.9 82.5
q)g’“e(d,g) 0.40 0.50 0.70 0.60 0.20 0.35 0.50 0.75 0.40 0.50 0.70 0.60
PGen I-II Selection % 2.4 7.7 10.3 123 53 22 47 240 63.8 2.3 7.7 10.1 12.8
Patients 95 11.6 12.8 10.6 9.5 11.4 131 10.8 12.7 152 17.3 141
PGen I-1l-Comb  Selection % 4.0 20 4.0 64.0 26.0 40 2.0 4.0 640 26.0 40 20 40 64.0 26.0
Patients 9.1 124 12.2 106 9.5 12.1 12.8 10.9 11.6 155 16.7 14.6
PGen I-II-ET Selection % 1.7 43 54 18.8 69.8 1.0 109 86 184 61.1 15 3.8 58 18.5 704
Patients 9.5 11.6 12.8 10.6 10.3 11.5 12.6 10.6 127 15.1 17.3 141
PGen I-11-Sep Selection % 2.1 13.5 149 59.5 10.0 6.1 3.0 4.1 18.7 2.4 116 159 61.8 8.3
Patients 9.6 11.6 12.7 10.6 9.4 114 131 10.9 128 15.1 17.4 141
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Simulation Settings

Scenario 8 - Subgroup 1 Scenario 8 — Subgroup 2 Scenario 8 — Subgroup 3

outcome outcome outcome
2 2
3 -~ TOX - Tox 3 - TOX
-] -~ EFF - EFF 8 - EFF
S -~ PFS - pFs 2 - PFS
1 3 4 1 2 3 4 1 2 4
dose dose dose
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Scenario 8
Subgroup g=1 g=2 g=3
zg 1 2 3
Dose(d) d] d2 d3 d4 d(] d] d2 d3 d4 d[) dl d2 d3 d4
nie (1] d,g) 0.10 0.12 0.14 0.16 0.16 0.20 0.26 0.30 0.08 0.08 0.10 0.10
ngve (1]d,g) 0.20 0.20 0.20 0.15 0.35 0.30 0.30 0.30 0.30 0.30 0.25 0.20
e (2] d, g) 0.40 0.45 0.55 0.65 0.55 0.65 0.65 0.65 0.30 0.45 0.60 0.70
rue(d, g) 54.9 58.2 65.3 70.9 69.2 74.0 72.0 70.6 50.7 62.4 72.0 78.4
¢gve(d, g) 0.30 0.40 0.70 0.40 0.30 0.60 0.40 0.35 0.20 0.30 0.35 0.75
PGen I-11 Selection % 12.0 25 9.6 70.0 59 144 50 64.2 11.1 53 183 0.8 27 57 725
Patients 9.4 113 12.3 10.7 9.6 11.8 12.0 10.8 11.5 14.2 16.3 16.6
PGen I-1l-Comb  Selection % 8.7 0.8 14.8 41.8 339 87 0.8 14.8 41.8339 87 0.8 148 41.8 33.9
Patients 85 11.3 12.6 11.1 86 11.1 128 11.3 11.7 15.1 16.8 15.2
PGen I-II-ET Selection % 2.8 10.1 11.8 14.3 61.0 3.1 21.4 15.9 16.4 43.2 43 5.3 14.0 13.8 62.6
Patients 9.7 11.1 11.9 11.0 10.0 11.1 12.0 10.9 12.2 149 16.4 15.3
PGen I-Il-Sep  Selection % 105 3.2 8.8 14 123 48 111 2.3 184 09 15 37
Patients 9.6 11.3 12.3 107 9.7 11.9 12.1 106 11.5 14.0 16.2 16.7
Saijun Zhao (IUSM) Precision Generalized Phase |-l Designs 28 / 30



REEE e

@ Liu, S., & Yuan, Y. (2015). Bayesian optimal interval designs for phase |
clinical trials. Journal of the Royal Statistical Society: Series C: Applied
Statistics, 64(3), 507-523.

o Lin, R., Zhou, Y., Yan, F., Li, D., and Yuan, Y. (2020). BOIN12: Bayesian
optimal interval phase I/1l trial design for utility-based dose finding in
immunotherapy and targeted therapies. JCO Precision Oncology, 4,
1393-1402.

@ Thall, P.F., Zang, Y., and Yuan, Y. (2023). Generalized phase I-Il designs to
increase long term therapeutic success rate. Pharmaceutical Statistics, 22,
692-706.

@ Green, P. J. (1995). Reversible jump Markov chain Monte Carlo
computation and Bayesian model determination. Biometrika, 82(4),
711-732.

Saijun Zhao (IUSM) Precision Generalized Phase |-l Designs 29 / 30



Thank you for your attention.

Please feel free to ask any questions.
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