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What will be discussed

* 343 Design vs. Bayesian Optimal Interval(BOIN)
* BOIN dose transition and MTD selection rule

* BOIN example trial and simulation result
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The 3+3 Design
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The 3+3 Design

Limitation
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3+3 vs. BOIN

3+3 Design

BOIN Design

Model Rule Based Model assisted design
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The BOIN Design - S. Liuand Y. Yuan (2015)
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* Model assisted design
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BOIN - dose transition rules based on the point estimate (p)

* BOIN : Bayesian Optimal Interval
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BOIN - dose transition rules based on the point estimate (p)
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Bayesian Optimal Interval boundaries
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BOIN — How to set toxicity rate parameters?

* Question: ¢,,0,0, = O{EA &785t=71
01,0, = 0 2 HF 7L A ’5’86%”4 SHHEC = T A= 7F H 21

o2 HE{0| X2 Kt0| S T &

€ [0.50,0.79],

BOIN default :

@1 - 06®, @26 14@

D, €

H power 7} 5=

[1.30,1.50]

i.e. Target toxicity rate 2 2 FE{ 40% X}O],

Target toxicity=0.25, ,=0.15, @,=0.35

=a}t
| e Y

2 AL AH 2 Target toxicity rate

Table 1. Values of A4; and Ay, under the local BOIN design
for various target toxmlffy rates wnh ¢4 =0.6¢ and ¢ =1.4¢
Interval Results for the followingltarget toxicity rate ¢
boundary
0.15 0.2 0.25 0.3 0.35 0.4
Alj 0.118  0.157 0197 0236 0.276 0.316
2 0.179 0.238 0298 0358 0419 0479

S. Liu and Y. Yuan (2015)




BOIN - Safety rule for overly toxic dose

* 7| E(BOIN 0] )2 Interval design 2| TH : £480] =2 &0 Al X7t 20| BB &= =
- Interval design 2 22| path & SOrEX| 11 2 %] SAXY & ZFTHA| O M 2] Toxicity rate 2| XS 0| 8510 Ch=EHA & 28
X

- ek 2Hef A5l F= 8% a S otLts mTp 20 2R 240 OH 2 StLt= mTp 2L 2 2 87, 0| 7= TS bounce back

%
and forth & == QU L},

{: 2H2F pr(p; > @lnj,m;) > 0.95andn; > 3, 8 EHA jF O 0| 40| STHAES Yet AR KA eHCh (K -8 THA 0| H trial stop) i

Table 1. Dose escalation/de-escalation rule for the BOIN design.

Ol E=| e}
The number of evaluable patients at the current dose BOIN software O“ '—|- design parameter
Actions” o e — —
2237} 1 2[3]la s5[e]7 &8 9 10 11 12 13 14 15 Target toxicity=0.25, 91=0.15, 0,=0.35
; * Number of doses =5
Ao X T [eccalate 1#of o oflolo of1]1 1 1 1 2 2 2 2 2
0.197 DLT = *  Maximum sample size = 30
Ad XNn; . - Bmy —
J De-escalate if # ’ 1 5 3 5 ; 2 1 3 4 4 4 & 5 Cohort Size = 3
0.298 of DLT 2 e Stop if #ipatients in a dose level hes = 15
CYTEIPS op if #patients in a dose level reaches =
Eliminate if # of . . S .
22w T > NA NAl 3|3 3|4|4 4 5 5 6 6 6 T 1 Using default elimination rule




BOIN - stop & estimate MTD

BOIN 2] dose transition O] Stop of= 22
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An example trial

Table 1. Dose escalation/de-escalation rule for the BOIN design.
5_
Stop under3 + 3
/ The number of evaluable patients at the current dose
Actions”™
910M 15 16 17 18 19 20 2122 23242526 27 2829 30
1 213|415 16 7189 10|11 12|13 |14 15| 16|17 18
44 X I e eee Nee e e
Ve = 2/6 2/8 3/10 4/13 5/16 i
Ps=2/3 JE B Ll il Escat'lacﬁg#“fnnun11112222333344
5
3 45678 1213 14 _
3 31 IZ]- X Di‘ifﬁ'?z'f1122233344455555??
a p3=1/3 1/5 1/8
Eliminate f# n nyals [3]alals|s]|sle]les 7|78 sls|l9 o
, 2 of DLT =
No DLT
® DLT
: X Not evaluable BOIN software Off 21 215t design parameter
14 » Target toxicity=0.3, ¢,=0.18, 0,=0.42
£ 2016 American Association for Cancer Resaarch b Number Of dOSES =5
Statistics in CCR AAGR *  Maximum sample size = 30
* Cohort Size=3
2502 YL 401 A 5 179 evaluable CHAIAF 5 5H2| DLT 7} A8 0] * Stopif#patients in a dose leve| reaches = 18

* Use default elimination rule

MTD = dose level 4, Estimated DLT rate = 5/17 =29.4% )
v ! / . e Use accelerated titration : & DLT 24U 77FX| cohort size=1




Correct selection (%)

Simulation result (yuan et al. 2016)

= Ot Target DLT rate (15%, 20%, 25%, 30%)2} 167H 2| CtFDt toxicity scenario & 274510 A| =2 0|4 oF Z1} Ofzfje
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BOIN software in practice — desigh parameters

y Bayesian Optimal Interval (BOIM) Phase | Design (PID-862): Version 1.0.9

File  Help

Design Farameters  Simulation Run Estimate MTD

Doses

Murnber of Doses:

Starting Dose Level:

<
<

Target Probability

Target Towicity Probability: ¢ = 0,30

O Use the default alternatives to minimize

decision errars (recommended)

Alternatives under which

decision errars are minimized:
Underdosing: Overdosing:

& = [018 o = [042

*(New Input File)*

Sample Size

Maxirumm Sarmple Size:

Cohaort Size:

Stop trial if # patients assigned to
a =ingle dose reaches this number
and the derisinn is tn ataw:

Use Accelerated Titration

Safety

Eliminate dose j if it satisfies:

e
s
s

Prip; = d|data) > pg

Use the default cutoff {recommended): PE = 095

Uncheck this box to impose a more stringent

safety stopping rule.

Show Escalation / De-escalation Table

Heln

Table 1. Dose escalation/de-escalation rule for the BOIN design.

The number of evaluable patients at the current dose
Actions”
1 2 3 4 5 6B f 8 9 10 M1 12 13 14 15 16 17 18
Escalate if # of
DLT < 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4
Deescalateff#of 4 3 3 2 2 3 3 3 4 4 4 5 5 6 6 6 71 1
LTz
Eliminate if # of
DLT= NA NA 3 3 4 4 5 5 5 6 6 7 7 8 8 8 9 9

" When none of the actions (i.e_, escalate, de-escalate or eliminate) is triggered, stay at the current dose for

treating the next cohort of patients. Note that “# of DLT" is the number of patients with at least 1 DLT, and “NA’

means that a dose cannot be eliminated before treating 3 evaluable patients.

/_'_
top the trial and
select the MTD

= 0,236

arting Qgs_c.—/

Treat a cohort
of 3 patients

Is the
stopping rule
met?

Compute
the DLT rate™
at the current
dose

Within (0.236, 0.358]

Escalate the dose

Retain the current
dose

= 0,359

De-escalate the
dose




BOIN software in practice — simulation run

Design Parameters Simulation Run Estimate MTD

irnulation Setup Simulation Output  Help
" , FRandom number generator seed:
MNumber of Repetitions: [ 1000 o % ek us deil [ A | Simulate | | &hort | Output Protocol 4Rl HE Sirnulation Qutput Help
[ Simulate 3+3 Design for Comparison l |
Perform Cohort Expansion to Match Maximum Sample Size x H ~
L P P BOIN Simulation Report
Scenarios . . . .
Bayesian Optimal Interval (BOIN) Phase I Design (PID-362) Version: 1.0.9
|Duplicate Selected Scenarin | Delete Selected Scenario  @)5hift Scenario Up 4| Wednesday. 26 May 2021 15:06:09 (GMT 09:00:00)
| Add Mew Scenario | | Shift Scenario Down ¥
Operating Characteristics
Scenario Mame Dose Probability
» | 0.1
5 015 Dose Level Number of % Early
3 025 1 3 3 4 5 Patients Stopping
4 0,3 Scenario 1
5 0.4
True DLT Rate 0.10 015 0.25 0.30 0.40
Selection %o 12 10.6 283 354 245 0.0
% Pts Treated 7.3 158 258 27.4 238 28.0
Note: “% Early Stopping™ refers to early stopping due to excessive DLT.
Operating Characteristics of 3+3 Design
Dose Level Number of % Early
1 2 3 4 5 Patients Stopping
Scenario 1
True DLT Rate 0.10 015 0.25 0.30 0.40
Selection %o 18.9 30.4 222 133 4.4 10.8

274 282 235 143

% Pts Treated

Note: “% Early Stopping™ refers to early stopping due to excessive DLT.



BOIN - output protocol document

NOTE: If you would like a Microsoft Word version of this protocol document template, simply select (hi

document, copy it, cpen a new Word document, and paste the protocol document template into the Wcri Table 1. Dose escalation/de-escalation rule for the BOIN design.

Windows machines this can conveniently be accomplished by pressing CTRL-A to select (highlight) the
CTRL-C to copy it, and CTRL-V to paste it. Alternatively, opening the saved HTML file in Microsoft Word
results.

Template for Protocol Preparation
Trial Name:

The number of evaluable patients at the current dose

We will employ the Bayesian optimal interval (BOIN) design (Liu and Yuan, 2015; Yuan et al_, 2018) to fir
BOIN design is implemented in a simple way similar to the traditional 3+3 design, but is mare flexible an
superior operating characteristics that are comparable to those of the more complex model-based desigr
continual reassessment method (CRM) (Zhou, Yuan and Nie, 2018).

The target dose-limiting toxicity (DLT) rate for the MTD is ¢ = 0.25 and the maximum sample size is 30.
treat patients in cohorts of size 3. DLTs are defined in Section #&, and anly those DLTs that occur within
be used for dose finding. As shown in Figure 1, the BOIN design uses the following rule, optimized to mi
prabability of incorrect dose assignment, to guide dose escalation/de-escalation:

+ if the observed DLT rate at the current dose is = 0.197, escalate the dose to the next higher dose |
« ifitis = (0.298, de-escalate the dose to the next lower dose level;
« otherwise, stay at the current dose.

For the purpose of overdose control, doses j and higher levels will be eliminated from further considerati
data) > 0.95 and at least 3 evaluable patients have been treated at dose level j, where p;is the true DLT
J=1, ..., 5 This posterior probability is evaluated based on the beta-binomial model y; | p; ~ binomial(g;)
1), where y; is the number of patients experienced DLT at dose level /. When the lowest dose is eliminat

safety. The probability cutoff 0.95 is chosen to be consistent with the common practice that when the tar
a dose with 2/3 patients experiencing DLT is eliminated. The above dose escalation/de-escalation and el
be equivalently presented in Table 1, which will be used to conduct the trial.

The steps to implement the BOIN design are described as follows:

1. Patients in the first cohort are treated at dose level 1.
2. To assign a dose to the next cohort of patients, conduct dose escalation/de-escalation according t
in Table 1. When using Table 1, please note the following:
a Eliminate” means eliminate the current and higher doses from the trial to prevent treating ar
these doses because they are overly toxic.
b. When we eliminate a dose, automatically de-escalate the dose to the next lower level. Whe
eliminated, stop the trial for safety. In this case, no dose should be selected as the MTD.
c. If none of the actions (i.e., escalation, de-escalation or elimination) is triggered, treat the ne
current dose.

N I N I SR [N 1 N [ R P N P (R (L (RN (NN [ (SR T SR T 1 S

Actions”
1 2 3 4 5 6 7 8 o 10 1 12
Es-::aEI}aLt_? |_f #of 0 0 0 0 0 1 1 1 9 1 2 2
Dz‘ifﬁfﬁtg ity 1 1 2 2 2 3 3 3 3 1 4
Cimipate™ N2 Na 3 3 3 4 4 4 5 5 65 6

" When none of the actions (i.e., escalate, de-escalate or eliminate) is triggered, stay at the current dose
for treating the next cohort of patients. Note that "# of DLT" is the number of patients with at least 1 DLT.
and "NA" means that a dose cannot be eliminated befare treating 3 evaluable patients.

~ Start
at the prespeacified
arting do

Treat a cohort
of 3 patients

Is the
stopping rule
met?

Yes

top the trial and
select the MTD




BOIN software in practice — Estimate MTD )

Design Parameters  Simulation Run Estimate MTD

Trial Data
Dose Levels
1 2 3 4 ]
# of Evaluable,,, |1 1 a 17 1]
r # of Pts with D,,, |0 1] 1 1]
- Estimate MTD
MTD Estimate
The MTD is dose level 4 ~
Posterior Pr(DLT) 95% CI Lower 95% CI Upper
Dose Estimate Bound Bound Pr(DLT>0.30data)
1 0.05 0.00 0.58 0.06
2 0.035 0.00 0.58 0.06
3 013 0.00 042 0.09
4 0.30 011 0.52 045
5 - - - —_

l@ﬁlﬂhal PS 2021-06-01




BOIN 2| &
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