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A Methods

A.1 Design
A.1.1 Transformation of dose levels

A general rule to transform the dose levels in (0, 1) is as follows.

1) Set the search domain by [a,b] = [d; —0.5(dy — dy), dk +0.5(dx —dk_1)] so that the dose

levels are well spread in the range.

2) Convert the dose levels in (0, 1) by transformation (dy, —a)/(b—a) for k=1,... K.

If the original dose levels increase in fold change such as 100, 200, 400 and so on. Do

logarithm transformation before Step 1.

A.1.2 Illustration of the local modeling

Figure S1 illustrates the approximation of m(z) in (vg,v;) containing x, by a line segment.
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Figure S1: Illustration of the approximation of 7(x) in (vo, v1) containing z,, by a line segment



A.1.3 Property of coherence

Proposition 1. The proposed design is coherent in the sense that the probability of dose

escalation (or de-escalation) is 0 when the DLT response is 1 (or 0) at the current dose.

Proof. Our proof follows closely with Cheung [1].

Suppose that the subinterval determined by the current dose contains m points, denoted
by Dy, = {(x1,y1), .-, (Tm,ym)}. Without loss of generality, suppose that (z,,y,) is the
last observation. Denote D,,—1 = {(z1,¥1), -, (Tm-1, Ym—-1)}-

To establish the coherence under escalation, we need to show E(0|D,,) < E(0|D,,—1) if
Ym = 1, which leads to no escalation by (1). Let ¢,, denote the likelihood of the m points in
the subinterval. Let 7(0|3) denote the induced prior distribution function of € given (3. Let

7(B) denote the induced marginal prior distribution function of 5. Observe that
~E; {EW(ew) —ECD(9]9) }

[ 0¢,,(0,8)dr(0)3) f(%m 1(0, B)dm(0)5) -

/{ [ 6,6, B)dr(6]5) fﬁm (0, B)dr(6]5) }d (8)

/f@ﬁ B)dm(6|8) [ lym-1( )dw 0|8) — f&fm 106, 8)dm(0|8) [ €(0 dw(0|ﬂ)
[ 0,(0,8)dn(0|8) [ lm-1(0,5)dn(0]3)

(S1)

Since ,,(0, 5) = F (30, 8)lm-1(0, 3) when y,, = 1, the numerator of the integrant in (S1)

can be expressed as
N = [ [2rs 0 3)ores(6. B F (i1, 8) ~ Flami 6, D)}dr(2|9)dn(015).  (52)
By symmetry,
N = [ [ 0s(6.8)n1 (0, ) (F (i 6.5) = Fani. 8))dr(0)3)r0]5). (83
Adding (S2) and (S3) yields

ON = / / et (72 B) b r(8, B) (7 — ) F (03 7, B) — F(n; 6, ) }d(7|8)d(6]8) < 0

since (v — ) {F(xm; 7, B) — F(xm; 0, 8)} < 0. After confining to the candidate set C through
(1), we get E(0|D,,) < E(0|D,,).

Similarly, we can show the coherence under de-escalation.



A.2 Example

Figure S2 shows the search paths by five other methods given the same responses of DLT
as in Figure 1 for the proposed method. The search path by CRM deviates from the 7th
cohort as (6,6,5,6); the search path by mTPI deviates from the 7th cohort as (6,6,6,6);
the search pathes obtained by mTPI-2, BOIN and Keyboard deviate from the 8th cohort as
(6,6,6). All these five methods lead to one level above the target (fifth) dose indicated by

the horizontal line.
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Figure S2: Given the dose-toxicity model in Example and the same responses of DLT as in
Figure 1, the upper panel shows the search path obtained by CRM, the middle panel shows
the search path obtained by mTPI, and the lower panel shows the same search path obtained
by mTPI-2, BOIN and Keyboard. The target (fifth) dose is indicated by the horizontal line.



B Results

B.1 Fix scenarios case
B.1.1 without historical information

Table S1 contains the 20 representative scenarios of toxicity rates from Yan et al. [2], where
the target toxicity rates are 20% for the first 10 scenarios and 30% for the last 10 scenarios.
The MTD is located from low level to high level out of five doses.

Tables S2-S5 report the complete results of the four metrics obtained by all seven com-
peting methods. The 3+3 method is carried out by the R package UBCRM [3]. The CRM,
mTPI, mTPI-2, and BOIN are carried out by the commercial software ‘East BAYES’ with
the default settings, which are noted with superscript 1. In addition, the CRM, BOIN and
Keyboard are carried out by the free software at trialdesign.org, which are noted with
superscript 2.

Table S6 reports the average numbers of the two types of quick actions (i.e., escalation
in the absence of DLT and escalation/de-escalation by Wald interval) under 20 scenarios
given in Table S1, where the action led by Wald interval is decomposed in escalation and

de-escalation.

B.1.2 with historical information

We compare the proposed hBSA with iBOIN in the presence of historical information. The
same specification of PESS is used by both methods. (The comparison with Hi3+3 is not
included as it specifies PESS in a different way.) The iBOIN is carried out by free software
at trialdesign.org.

In addition to the setup of the probabilities of toxicity in Table S1, two kinds of skeletons
are specified in Tables S7-S8. The first kind matches with the true probabilities of DLT at
MTD, called ‘correctly specified skeleton’. The second kind mismatches with the true prob-
abilities of DLT at MTD by one or two levels off (such as in Scenarios 2 and 1 respectively),
called ‘mis-specified skeleton’, as described in A.3.2 of Zhou et al. [4].

Tables S9-S10 as well as Figures S5-S6 compare the two competing methods in three
metrics under four combinations made from target toxicity rate and skeleton specification.
(The number of DLTs is not reported by iBOIN at trialdesign.org.) When the skeletons
are correctly specified, the proposed hBSA yields high accuracy with the average PCS of
69.7% under o = 20% and 74.0% under o = 30%, which are respectively 11.7% and 6.3%
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trialdesign.org
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larger than those of iBOIN. Especially, it performs significantly better when the MTD is
not in the last/fifth dose, as seen in the case without historical information. In terms of the
second accuracy measure of MTD%, under o = 20% hBSA produces the higher rates than
iBOIN when the MTD is at the early (first three) position and lower rates when the MTD
is at the late (last two) positions, as being consistent to the performance in PCS. Under
a = 30%, hBSA outperforms iBOIN uniformly across all cases with the average MTD% of
54.2% vs 46.1%. Regarding the safety measure of above-MTD%, hBSA shows superiority
to iBOIN with significant margins for both o = 20% and 30%. When the skeleton is mis-
specified, hBSA performs comparable to iBOIN in estimation accuracy (with PCS 47.1%
vs 49.2% on average and with MTD% 38.1% vs 35.5% on average) and better in overdose
control (with above-MTD% 22.6% vs 30.8%).

Moreover, we repeat the comparison with the PESS doubled, i.e. ng, = 6, to represent
a prior with more historical data. So that when ¢, = 0.3, we have a = 2 and b, = 4
proportionally. In parallel to Tables S9-S10, Tables S11-S12 report the comparison of the
two competing methods in three metrics under four combinations made from target toxicity
rate and skeleton specification with ng, = 6. With more informative prior, the findings are
consistent to those under the vague prior with PESS ng, = 3. When the skeleton is correctly
specified (Table S11), the superiority of hBSA to iBOIN is more pronounced. When the
skeleton is mis-specified (Table S12), hBSA and iBOIN are comparable. In both situations,

hBSA outperforms iBOIN in all three metrics in average.

B.2 Random scenario case
B.2.1 without historical information

Figure S4 shows twenty random scenarios of toxicity rates for K = 5 and 6 under the target
rate 30%.

Table S13 reports the performance (in four metrics averaged over 200 random scenarios)
of the seven competing methods for K = 5 and 6 respectively, where the MTD equally
probably located at the first four doses.

B.2.2 with historical information

We compare the proposed method with iBOIN in the presence of historical information
under 200 random scenarios under K = 5 and 6, respectively, where the prior of MTDs are

specified in the same two ways as in Section 3.1. For the mis-matched skeleton, 50 scenarios



are randomly generated each for one or two levels off in two (opposite) directions. The
complete results are given in Table S14.

When K = 5, the proposed method with fixed dose performs better than iBOIN in
accuracy (w.r.t. both PCS and MTD%). The improvements are more pronounced by hBSA
with exact dose information when the MTD is at early or middle position. The performance
becomes inferior to iBOIN when the MTD resides at a late position, which is due to its
conservatism noted before. These comparison results hold the same no matter the skeleton
is correctly specified or mis-specified. When K = 6, hBSA outperforms iBOIN in PCS
and MTD% under correctly specified skeleton. Under mis-specified case, hBSA performs
inferior to iBOIN in MTD% when the MTD is at a late position. In all cases, hBSA yields

significantly better overdose control than iBOIN regardless of the specification of the skeleton.

C Sensitivity analysis

C.1 Performance of BSA under different numbers of subintervals

Tables S15 and S16 report the performance of BSA using different number of subintervals
s under the 20 representative scenarios in Table S1. It is seen that the performance are
comparable to those under s = 3 (Tables S2-S5) with a slight variation between 1-2% in
average PCS.

C.2 Performance of BSA under different cohort sizes

Tables S17 and S18 report the performance of BSA under the 20 representative scenarios
in Table S1 with different number of cohort size. It is seen that the performance with
smaller cohort sizes and varying cohort size in {1,2,3} improves in accuracy, especially for
the scenarios where the MTD resides at a late position, and declines sensibly as necessary

scarification in overdose control, which is still superior to the other competing methods in
average (Tables S2-S5).

C.3 Performance of BSA when the MTD is randomly assigned at
all K doses

Table S19 reports the four metrics in comparison with the six competing methods as in
Tables S13, where the MTD is randomly assigned at all K doses.
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Figure S3: Illustration of an example on the online package

Table S20 reports the four metrics in comparison with the two competing methods as in
Table S14 in the presence of historical information, where the MTD is randomly assigned at
all K doses.

D Discussion

Figure S3 shows an example of the online package at https://bsaddf.shinyapp.io/BSA_app.
In this example, the user first inputs i) the target toxicity rate o = 0.3, ii) the number
of doses K = 5, iii) the option how to use the dose level information, where ‘rank’ stands
for the fixed dose method. Then, the user inputs the records for up to the latest cohort, i.e.,
dose level, cohort size, observed number of DLTs for each cohort. Note that varying number
of cohort size is allowed.
After clicking the ‘Generate Decision Tree’ button, the right panel displays a decision

tree for transition action for the next three cohorts assuming the cohort size is three.



Table S1: Twenty representative toxicity scenarios in terms of true DLT rates for five doses,
where the target DLT rates are 20% for the first ten scenarios and 30% for the last ten

scenarios, respectively.

target toxicity rate = 20% target toxicity rate = 30%
scen d1 d2 d3 d4 d5 scen d1 dg dg d4 d5
1 0.20 026 040 045 0.46 11 030 036 042 045 0.46

2 020 029 035 0.50 0.58 12 0.30 040 0.55 0.60 0.70
3 0.10 0.20 0.25 0.35 0.40 13 0.08 0.30 0.38 042 0.52
4 0.08 0.20 0.30 045 0.65 14 013 0.30 042 0.50 0.80
) 0.04 0.06 0.20 0.32 0.50 15 004 007 0.30 0.35 0.42
6 0.01 0.10 0.20 0.26 0.35 16 0.01 0.12 0.30 0.41 0.55
7 0.06 0.06 0.07 0.20 0.31 17 0.06 0.07 0.12 0.30 0.40
8 0.02 0.04 010 0.20 0.25 18 0.02 005 0.16 0.30 0.36
9 0.01 0.02 0.07 0.08 0.20 19 001 002 0.04 0.06 0.30
10 0.01 0.02 0.03 0.04 0.20 20 0.06 0.07 0.08 0.12 0.30




Table S2: PCS (%) obtained by the seven competing designs across 20 scenarios of Table S1,

where the average is given in the last column

scl  sc2  sc3 scd  scH  sc6  sc7 se8  sc9  scl0  ave
3+3 304 346 254 33.1 370 275 323 246 623 682 37.5
mTPI! 44.0 48.3 36.5 47.1 486 35.8 48.1 393 54.1 61.7 464
mTPI-2! 474 51.3 350 43.8 453 343 40.1 33.5 442 515 426
Keyboard®? 54.8 57.8 36.5 47.1 521 385 428 351 57.9 728 495

CRM! 476 521 384 49.5 532 398 456 381 63.1 715 49.9
CRM? 44.0 470 43.0 55.0 59.0 45.0 50.0 43.0 68.0 79.0 53.3
BOIN? 475 524 414 51.1 5H3.0 404 46.5 37.7 56.7 69.8 49.7
BOIN? 5.1 59.7 371 48.0 51.5 375 434 356 579 72.8 499
BSA 66.5 70.3 528 614 552 473 402 379 318 51.0 514

scll scl2 scl3 scld sclb scl6 scl7 scl8 scl9 sc20 ave
3+3 314 348 30.0 30.1 282 309 268 234 472 37.2 32.0
mTPI! 45.5 53.9 478 523 432 50.8 49.6 43.2 68.7 614 51.7
mTPI-2! 43.1 51.7 424 48.0 375 46.1 46.2 399 64.5 61.5 48.1
Keyboard®? 56.2 62.6 51.4 53.0 46.6 52.7 51.7 43.0 83.0 744 575

CRM! 478 573 437 524 377 489 478 40.6 83.7 T2.7 53.3
CRM? 41.0 50.0 50.0 56.0 43.0 54.0 52.0 45.0 93.0 80.0 56.4
BOIN? 472 553 51.6 55.5 472 537 51.2 439 826 73.6 56.2
BOIN? 54.6 61.1 521 53.1 489 527 50.5 419 83.1 729 5H7.1
BSA 594 66.1 61.2 61.2 69.6 71.8 59.6 51.6 79.9 442 62.5

10



Table S3: MTD% obtained by the seven competing designs across 20 scenarios of Table S1,

where the average is given in the last column

scl  sc2  sc3 scd  scH  sc6  sc7 se8  sc9  scl0  ave
3+3 43.2 437 30.2 324 264 25.1 224 224 21.7 23.8 29.1
mTPI! 52.8 56.3 359 40.7 36.7 31.6 282 255 38.6 45.7 39.2
mTPI-2! 64.0 67.2 35.1 39.6 345 293 26.0 239 29.7 36.9 38.6
Keyboard® 56.3 57.7 353 39.2 350 293 26.0 245 27.2 343 36.5

CRM! 07.8 60.6 342 39.6 37.0 32.0 282 26.8 37.5 43.7 39.7
CRM? 09.5 61.3 36.8 42.7 383 32.7 285 28.0 38.0 453 41.1
BOIN? 63.4 66.6 355 398 34.6 294 26.1 239 29.7 36.9 38.6
BOIN? 56.8 59.1 354 39.5 341 289 262 245 275 341 36.6
BSA 72.3 745 39.8 453 33.7 285 214 21.0 16.5 228 37.6

scll scl2 scl3 scld sclb scl6 scl7 scl8 scl9 sc20 ave
3+3 57.2 60.6 385 369 29.6 287 222 216 238 193 338
mTPI! 60.4 64.3 47.1 46.8 409 41.3 325 30.5 48.7 37.8 45.0
mTPI-2! 59.6 64.2 429 437 369 384 31.1 29.2 46.1 37.8 43.0
Keyboard®? 53.5 57.6 40.3 40.6 344 36.6 30.8 28.7 414 349 39.9

CRM! 61.0 66.3 39.1 41.2 353 382 319 30.6 50.5 389 433
CRM? 61.5 67.3 39.2 406 33.6 38.0 326 30.7 54.3 427 44.1
BOIN? 60.1 64.7 43.1 438 369 384 31.1 29.1 46.1 378 43.1
BOIN? 53.8 H7.8 408 41.3 351 36.1 304 282 40.9 349 399
BSA 69.2 73.1 534 499 496 483 279 262 31.0 155 444

11



Table S4: above-MTD% obtained by the seven competing designs across 20 scenarios of
Table S1, where the average (over first eight scenarios) is given in the last column (as above-

MTD% is not applicable for the last two scenarios)

scl sc2 sc3 sc4d  sch sc6 sc7  sc®  sc9  scl0  ave

3+3 06.8 56.3 40.1 376 281 29.1 163 160 - - 351
mTPT! 472 4377 31.8 29.2 242 260 183 209 - - 30.2
mTPI-2! 36.0 32.8 232 205 170 184 120 139 - - 217
Keyboard? 43.6 424 269 242 187 202 13.1 151 - - 255
CRM! 422 394 314 275 225 265 159 196  — - 281
CRM? 409 383 281 256 21.8 25.7 158 193 - - 269
BOIN? 36.6 334 233 206 170 184 120 139 - - 219
BOIN? 43.3 409 264 236 181 200 126 13.7 - - 248
BSA 277 255 158 147 107 125 51 6.5 - - 148

scll scl2 scl3 scld scld scl6 scl7 scl8® scl9 sc20 ave

3+3 428 394 271 238 204 183 109 106 - - 242
mTPT! 36.6 334 233 206 17.0 184 120 139 - - 219
mTPI-2! 36.0 32.8 232 205 170 184 120 139 - - 21.7
Keyboard® 46.7 424 319 274 277 233 170 178 - - 293
CRM! 422 394 314 275 225 265 159 196 - - 281
CRM? 41.2 348 40.0 31.2 383 31.7 23.7 263 - - 334
BOIN? 36.6 334 233 206 17.0 184 120 139 - - 219
BOIN? 46.2 423 30.6 269 271 233 171 176 - - 289
BSA 30.8 269 209 172 120 93 39 44 - - 157
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Table S5: number of DLT obtained by the seven competing designs across 20 scenarios of

Table S1, where the average is given in the last column

scl sc2 sc3  scd  sch sch sc7  sc8 sc9 scl0 ave

3+3 26 26 26 27 27 24 22 20 14 11 22
mTPI! 6.3 64 5.7 6 2.3 5 43 41 33 32 5.0
mTPI-2! 5.9 6 5.1 53 46 44 38 37 29 28 44
Keyboard* - - — - — - — - — - -
CRM! 6.2 62 56 58 52 50 42 41 32 31 49
CRM? S
BOIN? 29 6.0 52 53 46 44 38 37 29 28 45
BOIN? S
BSA 66 66 50 51 40 41 31 32 24 21 42

scll scl2 scl3 scld scld scl6 scl7 scl8 scl9 sc20 ave

3+3 25 25 26 27 26 27 26 24 16 21 24
mTPT! 88 92 81 84 71 74 63 62 50 50 72
mTPI-2! 89 92 79 84 69 73 63 62 48 50 71
Keyboard®* - - - - - - - - - - -
CRM! 88 92 82 85 73 79 65 65 51 51 73
CRM? - - - - - - - - - - -
BOIN! 88 92 79 83 69 73 63 62 48 50 71
BOIN? - - - - - - - - - - -
BSA 93 96 78 80 64 67 50 52 36 36 65

13



Table S6: The average numbers of the two types of quick actions (i.e., escalation in the
absence of DLT and escalation/de-escalation by Wald-type interval) under 20 scenarios given
in Table S1, where the action made by Wald-type interval is decomposed in escalation and

de-escalation.

scl sc2 sc3 scd scdH scb6 sc7 sc8 sc9 scl0
es. w/o DLT 0.74 0.76 1.30 1.34 2.15 219 2.51 299 3.75 4.30
es. by Wald 0.02 0.02 0.27 039 0.66 057 0.62 0.66 0.90 0.99
de-es. by Wald 0.18 0.23 0.16 0.21 0.17 0.13 0.09 0.09 0 0

es. w/o DLT 048 046 1.14 094 199 188 215 250 3.73 2.49
es. by Wald 0.05 0.04 039 041 035 035 0.57 0.52 0.77 0.64
de-es. by Wald 0.14 0.17 0.18 0.17 0.17 0.16 0.06 0.07 O 0

14



Table S7: Pre-specified skeletons for the target DLT rate of 20%
scen  d; do ds dy ds
correctly specified skeleton
0.20 0.30 0.40 0.50 0.60
0.20 0.36 045 0.55 0.65
0.05 0.20 0.26 0.30 0.35
0.10 0.20 0.30 0.40 0.50
0.05 0.10 0.20 0.30 0.40
0.05 0.08 0.20 0.30 0.35
0.01 0.05 0.10 0.20 0.30
0.02 0.06 0.12 0.20 0.30
0.01 0.03 0.05 0.07 0.20
0.02 0.04 0.06 0.08 0.20
mis-specified skeleton
0.10 0.15 0.20 0.40 0.50
0.10 0.20 0.30 0.40 0.50
0.05 0.10 0.20 0.30 0.40
0.05 0.08 0.10 0.20 0.50
0.05 0.10 0.15 0.20 0.55
0.05 0.20 0.30 0.40 0.55
0.01 0.03 0.05 0.07 0.20
0.01 0.05 0.20 0.30 0.40
0.10 0.15 0.18 0.20 0.40
0.05 0.10 0.17 0.20 0.30
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Table S8: Pre-specified skeletons for the target DLT rate of 30%
scen dy  dy d3 dy  dj
correctly specified skeleton
11 030 0.36 0.45 0.50 0.55
12030 0.40 0.45 0.50 0.60
13 0.10 0.30 0.40 0.50 0.60
14 0.05 0.30 040 0.55 0.70
15 0.05 0.10 0.30 0.40 0.50
16 0.02 0.05 0.30 0.45 0.55
17 0.05 0.08 0.12 0.30 0.45
18 0.01 0.05 0.10 0.30 0.50
19 0.01 0.03 0.05 0.07 0.30
20 0.05 0.06 0.07 0.08 0.40
mis-specified skeleton
11 0.10 0.20 0.30 0.40 0.50
12 0.05 0.30 045 0.50 0.55
13 0.05 0.10 0.20 0.30 0.50
14 0.05 0.10 0.30 0.40 0.55
15 0.01 0.05 0.15 0.20 0.30
16 0.01 0.05 0.15 0.30 0.50
17 0.05 0.30 0.35 0.40 0.55
18 0.05 0.10 0.30 0.40 0.55
19 0.01 0.05 0.30 0.40 0.50
20 0.01 0.05 0.10 0.30 0.40

16



Table S9: Comparison of hBSA and iBOIN under the fixed scenarios of Table S1 in terms of
PCS (%), MTD%, and above-MTD% in the presence of historical information under correctly

specified skeleton, where the average is given in the last column

a=20% scl sc2 sc3 scd sch sch sc7 sc8 sc9  scl0 ave
PCS (%)

iBOIN 583 644 46.0 558 594 476 558 449 719 795 584

hBSA 80.2 822 65.7 734 766 645 66.0 582 56.1 73.6 69.7
MTD%

iBOIN 589 64.1 386 425 37.8 33.6 321 29.0 34.7 383 41.0

hBSA 80.3 81.8 455 505 41.1 354 29.7 286 19.5 26.0 43.8

above-MTD%
iBOIN 412 359 274 234 19.0 21.7 142 152 - - 24.8
hBSA 19.7 182 14.0 128 99 11.8 4.7 5.7 - - 12.1

a=30% scll scl12 scl13 scl4d sclb scl6 scl7 scl18 scl1l9 sc20 ave
PCS (%)

iBOIN  61.3 686 633 66.2 598 67.0 650 584 8.4 809 67.7

hBSA 69.2 759 628 66.0 754 785 732 66.7 91.1 815 74.0
MTD%

iBOIN  60.8 65.2 476 49.1 413 432 386 36.6 433 349 46.1

hBSA 70.3 738 61.0 61.3 564 57.7 423 382 455 350 5H4.2

above-MTD%
iBOIN  39.2 347 256 234 232 202 158 16.3 - - 24.8
hBSA 29.7 262 21.7 184 12.0 9.7 3.6 3.2 - - 15.6
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Table S10: Comparison of hBSA and iBOIN under the fixed scenarios of Table S1 in terms
of PCS (%), MTD%, and above-MTD% in the presence of historical information under

mis-specified skeleton, where the average is given in the last column

a=20% scl sc2 sc3 scd sch sch sc7 sc8 sc9  scl0 ave
PCS (%)

iBOIN 424 524 388 438 56.2 443 489 426 50.5 71.7 49.2

hBSA 40.9 68.8 595 50.1 69.8 400 752 348 11.3 20.7 47.1
MTD%

iBOIN 477 523 358 36.2 348 309 309 264 255 343 355

hBSA 376 71.6 583 51.2 497 264 390 206 11.5 14.8 38.1

above-MTD%
iBOIN  52.3 477 36.7 365 24.6 163 196 13.0 - - 30.8
hBSA 624 284 223 309 137 11.1 64 5.3 - - 22.6

a=30% scll scl12 scl13 scl4d sclb scl6 scl7 scl18 scl1l9 sc20 ave
PCS (%)

iBOIN  39.7 46.7 41.1 512 373 504 593 504 74.6 724 523

hBSA 474 582 46.0 524 646 723 61.8 552 66.8 582 583
MTD%

iBOIN  40.5 45.1 345 386 288 333 293 296 339 329 347

hBSA 46.3 52.3 45,6 50.0 56.9 598 293 285 21.1 17.1 40.7

above-MTD%
iBOIN  59.5 549 43.6 381 40.1 33.7 10.2 115 - - 36.5
hBSA 53.7 AT.7 422 371 188 152 25 2.6 - - 27.5
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Table S11: Comparison of hBSA and iBOIN under the fixed scenarios of Table S1 in terms of
PCS (%), MTD%, and above-MTD% in the presence of historical information under correctly

specified skeleton with ng, = 6, where the average is given in the last column

a=20% scl sc2 sec3 scd  sch  sc6  sc7  sc8  sc9  scl0  ave
PCS (%)

iBOIN  62.5 72.1 50.0 60.7 64.6 552 61.5 52.1 76.2 80.2 63.5

hBSA 794 822 61.2 71.6 81.5 770 629 545 756 87.0 73.3
MTD (%)

iBOIN  64.3 704 41.2 453 408 389 354 32.6 39.1 40.0 448

hBSA 782 80.1 61.7 60.8 48.3 49.7 34.0 327 321 409 51.9

above-MTD (%)
iBOIN  35.7 296 282 19.8 16.8 19.4 142 150 - - 179
hBSA  21.8 199 20.7 125 99 121 49 59 - - 10.8

a=30% scll scl2 scl3 scld sclb scl6 scl7 scl8 scl9 sc20  ave
PCS (%)

iBOIN  63.7 71.1 66.2 69.7 62.6 70.2 69.3 66.7 86.9 824 709

hBSA 68.6 764 65.1 63.7 76.5 858 725 66.2 965 924 76.4
MTD (%)

iBOIN  61.9 66.2 48.8 50.2 42.0 44.3 39.5 382 435 36.5 47.1

hBSA 685 728 62.8 62.6 585 64.7 422 37.1 539 483 57.1

above-MTD (%)
iBOIN  38.0 33.7 248 227 227 193 16.1 169 - - 194
hBSA 315 272 195 23.0 11.8 55 25 25 - - 123
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Table S12: Comparison of hBSA and iBOIN under the fixed scenarios of Table S1 in terms
of PCS (%), MTD%, and above-MTD% in the presence of historical information under

mis-specified skeleton with ng, = 6, where the average is given in the last column

a=20% scl sc2 sec3 scd  sch  sc6  sc7  sc8  sc9  scl0  ave
PCS (%)

iBOIN  38.5 51.6 39.9 383 53.6 50.0 459 519 394 638 47.3

hBSA 587 65.2 53.3 458 734 66.8 69.7 394 21.2 387 53.2
MTD (%)

iBOIN  43.7 53.0 38.7 31.1 36.9 352 321 30.7 24.0 322 358

hBSA  55.3 583 56.7 499 422 35.1 445 224 123 181 395

above-MTD (%)
iBOIN  56.3 47.1 38.6 486 269 6.7 274 54 - - 25.7
hBSA 447 417 255 382 16.8 11.1 125 5.3 - - 19.6

a=30% scll scl2 scl3 scld sclb scl6 scl7 scl8 scl9 sc20  ave
PCS (%)

iBOIN  30.7 43.8 33.0 475 27.0 453 61.0 56.5 54.8 70.4 47.0

hBSA 282 429 314 488 583 757 63.3 534 458 51.0 49.9
MTD (%)

iBOIN  33.8 44.1 30.3 38.7 25.7 333 31.2 329 325 333 336

hBSA 253 35.6 332 47.7 54.1 629 28.6 273 152 142 34.4

above-MTD (%)
iBOIN  66.3 55.9 b53.1 428 475 383 6.7 7.4 - - 318
hBSA 747 644 559 41.0 228 140 22 22 - - 277
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Table S13: Performance of the six competing methods in PCS, MTD%, above-MTD% and
number of DLTs averaged over 200 random scenarios, where the M'TD is randomly assigned

at the first four doses.

PCS (%) MTD% above-MTD% # of DLTs

K =5
3+3 29.7 35.0 20.8 2.6
mTPI! 50.5 44.0 19.8 7.9
mTPI-2! 48.7 42.8 20.7 7.9
Keyboard? 53.7 39.9 24.0 -
CRM! 53.3 43.5 22.1 8.1
CRM? 53.1 43.1 25.2 -
BOIN! 04.2 42.9 20.5 7.9
BOIN? 03.4 40.1 23.6 -
BSA (fixed) 57.1 44.9 12.0 7.4
BSA (exact, early) 60.5 51.4 16.0 8.1
BSA (exact, middle) 64.8 51.7 9.8 7.6
BSA (exact, late) 56.7 44.5 10.1 7.2
K=6
3+3 29.7 36.3 224 2.7
mTPI! 49.7 44.9 20.7 8.0
mTPI-2! 477 43.7 21.5 8.0
Keyboard? 53.3 40.5 25.2 -
CRM! 52.6 44.0 24.3 8.3
CRM? 02.7 43.9 26.9 -
BOIN! 03.4 43.8 214 7.9
BOIN? 53.0 40.6 24.8 -
BSA (fixed) 58.0 46.8 15.6 7.8
BSA (exact, early) 58.6 51.8 17.2 8.2
BSA (exact, middle) 64.4 53.0 10.7 7.7
BSA (exact, late) 56.8 46.4 11.2 7.4
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Table S14: Performance of hBSA and iBOIN in PCS, MTD%, above-MTD% and number
of DLTs averaged over 200 random scenarios with historical information, where the MTD is

randomly assigned at the first four doses.

method PCS (%) MTD% above-MTD% # of DLTs
correctly specified skeleton

K =5 iBOIN 64.2 40.9 16.4 -
hBSA (fixed) 64.2 46.3 6.4 7.1
hBSA (exact, early) 66.7 57.3 12.3 8.1
hBSA (exact, middle) 71.9 52.9 4.1 7.2
hBSA (exact, late) 61.6 38.4 2.6 6.4

K =6 iBOIN 62.3 45.4 219 -
hBSA (fixed) 67.8 54.9 6.1 7.4
hBSA (exact, early) 63.2 56.8 13.8 8.1
hBSA (exact, middle) 71.6 57.7 3.9 7.3
hBSA (exact, late) 64.8 45.9 2.0 6.5

mis-specified skeleton

K =5 iBOIN 03.4 33.5 18.2 -
hBSA (fixed) 54.5 37.2 11.4 7.1
hBSA (exact, early) 57.4 45.1 15.5 7.8
hBSA (exact, middle) ~ 61.7 42.0 8.7 7.1
hBSA (exact, late) 51.3 29.8 8.8 6.5
K =6 iBOIN 52.2 38.1 24.6 -
hBSA (fixed) 52.8 36.7 16.5 7.4
hBSA (exact, early) 54.2 44.0 19.0 8.0
hBSA (exact, middle) 59.8 42.8 10.7 7.2
hBSA (exact, late) 53.0 33.7 9.6 6.6
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Table S15: PCS and MTD% obtained by BSA under the same settings as Table S2 with

different values of s, where the average across ten scenarios is given in the last column
PCS (%)

scl  sc2  sc3  scd  scH  sc6  sc7 se8  sc9  scl0  ave

66.5 70.3 52.8 614 552 473 40.2 379 31.8 51.0 514

51.4 56.4 63.8 73.8 62.8 474 40.5 375 33.1 51.2 51.8

45.1 49.8 64.8 714 714 572 273 240 429 629 51.7

N Ot W O

scll scl2 scl3 scld scld scl6 scl7 scl8 scl9 sc20 ave
59.4 66.1 61.2 61.2 69.6 71.8 59.6 51.6 799 442 62.5
48.0 5H3.7 745 769 723 70.0 60.0 54.2 73.8 38.8 62.2
50.2 54.6 739 75.1 79.8 76.0 48.3 423 76.5 39.9 61.7

MTD%
scl  sc2  sc3  scd  scH  sc6  sc7 se8  sc9  scl0  ave
723 745 39.8 453 33.7 285 214 21.0 16.5 228 37.6
60.4 63.3 50.4 572 321 271 21.2 203 16.6 228 37.1
54.2 56.2 53.8 589 378 31.7 155 146 21.8 289 37.3

N Ot W »w

scll scl2 scl3 scld sclb scl6 scl7 scl8 scl9 sc20 ave
69.2 73.1 534 499 496 483 279 26.2 31.0 155 444
62.9 65.5 64.1 60.2 481 44.8 273 266 23.6 129 43.6
65.0 66.6 64.2 589 51.8 484 19.1 177 329 17.0 44.2
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Table S16: above-MTD% and number of DLTs obtained by BSA under the same settings
as Table S2 with different values of s, where the average across ten scenarios is given in the

last column

above-MTD%

s scl  sc2  sc3  scd  scd  sc6  sc7  sc8  sc9  scl0  ave
3 270 249 157 147 10.7 125 51 6.5 - - 146
5 386 359 155 135 105 120 54 6.9 - - 173
7 458 43.8 16.7 158 88 104 7.0 9.2 - - 157
sc1l scl2 scl3 scld scld scl6 scl7?7 scl8 scl9 sc20 ave
29.5 259 209 172 120 93 39 44 - - 154
352 329 166 13.0 121 9.7 35 38 - - 159
35.0 334 165 132 83 6.6 56 6.3 - - 125
# of DLTs
s scl  sc2 sc3  scd  scd  sc6  sc7  sc8  sc9  scl0  ave
3 66 66 50 51 40 41 31 32 24 21 4.2
5 68 70 53 54 39 41 31 31 23 20 43
7T 69 72 55 57 40 42 30 31 25 23 44
scll scl2 scl3 scld scld scl6 scl7 scl8 scl9 sc20 ave
3 93 96 78 80 64 6.7 50 52 36 36 6.5
5 93 97 82 81 63 65 48 51 31 35 6.5
7 93 97 81 81 63 65 45 49 37 36 6.5
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Table S17: PCS and MTD% obtained by BSA under the same settings as Table S2 with
different cohort size ¢, where ‘v’ represents randomly varying cohort size in {1, 2,3} and the
average across ten scenarios is given in the last column
PCS (%)

scl  sc2 sc3 scd  sch  sc6  sc7  sc8  sc9  scl0  ave

65.6 69.9 50.8 60.9 57.7 429 41.3 39.2 492 69.0 54.7

65.0 69.5 49.1 588 55.0 458 452 422 41.6 60.5 53.3

66.5 70.3 528 614 552 473 40.2 379 318 51.0 514

66.4 70.1 523 60.3 55.0 458 44.1 415 393 59.6 534

< W NN =0

sc1l scl2 scl3 scld scld scl6 scl7 scl8 scl9 sc20 ave
55.0 64.7 582 60.1 60.0 66.6 62.2 526 859 61.3 62.7
57.8 65.5 61.7 61.7 66.5 69.1 59.6 50.8 80.0 485 62.1
594 66.1 61.2 61.2 69.6 71.8 59.6 51.6 799 442 62.5
57.1 64.6 59.8 61.3 65.0 68.0 59.7 514 82.1 51.0 62.0

< W NN =

MTD%
scl  sc2  sc3  sc4d  scH  sc6  sc7 se8  sc9  scl0  ave
64.1 68.2 38.5 46.1 29.5 21.1 30.7 30.8 29.2 369 39.5
67.1 69.7 378 444 351 279 29.6 288 221 294 39.2
723 745 39.8 453 33.7 285 214 21.0 16.5 228 37.6
67.6 70.2 379 44.0 33.6 27.1 28.6 278 22.0 294 388

< W NN =

scll scl2 scl3 scld sclb scl6 scl7 scl8 scl9 sc20 ave
59.2 67.7 449 450 44.1 46.5 399 36.5 485 334 46.6
66.8 71.6 51.3 483 51.1 499 29.7 27.1 38.0 21.6 45.5
69.2 73.1 534 499 496 483 279 26.2 31.0 155 444
65.5 69.8 49.3 482 46.9 474 334 31.2 388 232 454

< W N =
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Table S18: above-MTD% and number of DLTs obtained by BSA under the same settings as
Table S2 with different cohort size ¢, where ‘v’ represents randomly varying cohort size in

{1,2,3} and the average across ten scenarios is given in the last column

above-MTD%

c scl  sc2 sc3 scd  sch sc6 sc7 sec8  sc9  scl0  ave
1 359 31.8 227 171 17.7 25.1 10.0 128 - - 216
2 329 303 220 182 154 194 73 94 - - 193
3 277 255 158 14.7 107 125 5.1 6.5 - - 148
v 324 298 22.1 187 150 195 7.8 9.6 - - 194

sc1l scl2 scl3 scld scld scl6 scl7?7 scl8 scl9 sc20  ave
1 40.8 323 31.8 248 26.0 180 &89 106 - - 241
2 332 284 241 199 143 109 56 6.4 - - 178
3 308 269 209 172 120 93 39 44 - - 15.7
v 345 30.2 26.1 204 184 141 6.2 6.9 - - 19.6

# of DLTs

scl  sc2  sc3  scd  scH  sc6  sc7T se8  sc9  scl0  ave
1 70 71 56 56 45 47 39 39 31 29 48
2 68 69 54 54 45 45 3.7 37 27 24 46
3 66 66 50 51 40 41 31 32 24 21 4.2
v 69 69 54 55 45 45 36 36 27 24 46

sc1l scl2 scl3 scld scld scl6 scl7?7 scl8 scl9 sc20 ave
1 97 100 84 86 74 76 62 64 51 50 74
2 94 97 80 82 68 70 53 55 42 41 638
3 93 96 78 80 64 67 50 52 36 36 6.5
v 94 98 81 83 69 71 55 5H8 43 42 6.9
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Table S19: Performance of the seven competing methods in PCS, MTD%, above-MTD% and
number of DLTs averaged over 200 random scenarios, where the M'TD is randomly assigned
at all K doses.

PCS (%) MTD% above-MTD% # of DLTs

K =5
3+3 28.6 32.4 18.2 2.6
mTPI! 48.5 41.3 17.1 7.6
mTPI-2! 477 40.7 17.9 7.6
Keyboard? 52.4 38.0 20.9 -
CRM! 53.3 41.7 18.8 7.7
CRM? 53.5 42.2 21.2 -
BOIN! 53.0 40.8 17.7 7.6
BOIN? 02.2 38.1 20.5 -
BSA (fixed) 51.3 39.7 10.6 7.1
BSA (exact, early) 60.8 49.6 13.9 7.9
BSA (exact, middle) 63.6 48.0 8.4 7.3
BSA (exact, late) 53.5 40.8 8.7 7.0
K=6
3+3 26.7 28.9 16.8 2.7
mTPI! 45.1 36.5 15.8 7.2
mTPI-2! 44.8 36.1 16.6 7.2
Keyboard? 49.4 34.0 19.3 -
CRM! 49.2 36.5 18.5 7.4
CRM? 50.5 37.4 20.6 -
BOIN! 49.7 36.1 16.5 7.2
BOIN? 49.2 34.0 18.9 -
BSA (fixed) 45.4 34.3 11.2 6.8
BSA (exact, early) 59.9 45.8 14.1 7.6
BSA (exact, middle) 61.7 44.0 7.9 7.0
BSA (exact, late) 49.4 35.7 8.4 6.6
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Table S20: Performance of hBSA and iBOIN in PCS, MTD%, above-MTD% and number
of DLTs averaged over 200 random scenarios with historical information, where the MTD is

randomly assigned at all K doses.

method PCS (%) MTD% above-MTD% # of DLTs
correctly specified skeleton

K =5 iBOIN 66.3 43.5 16.2 -
LBSA (fixed) 59.9 415 5.8 6.8
hBSA (exact, early) 69.2 57.2 10.8 7.9
hBSA (exact, middle) 72.5 52.4 3.7 7.1
hBSA (exact, late) 61.9 37.8 2.4 6.3

K =6 iBOIN 04.6 36.1 15.2 -
LBSA (fixed) 57.8 41.9 45 6.8
hBSA (exact, early) 65.5 51.9 11.5 7.7
hBSA (exact, middle) 69.4 49.9 2.8 7.0
hBSA (exact, late) 59.5 37.3 14 6.3

mis-specified skeleton

K =5 iBOIN 01.7 33.7 19.8 -
hBSA (fixed) 49.5 33.5 11.7 6.9
hBSA (exact, early) 55.3 41.6 16.8 7.8
hBSA (exact, middle) 61.3 41.8 9.0 7.0
hBSA (exact, late) 49.8 29.4 9.7 6.5

K =6 iBOIN 44.8 31.2 17.3 -
LBSA (fixed) 44.0 30.3 13.5 7.0
hBSA (exact, early) 58.3 43.9 15.8 7.7
hBSA (exact, middle) 56.6 38.3 9.2 7.0
hBSA (exact, late) 48.6 27.9 8.5 6.4
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Figure S4: Twenty randomly selected scenarios of toxicity rates from the 200 scenarios
generated for K = 5 and 6, respectively, where the target toxicity rate 30% is indicated by

a horizontal dotted line.
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Figure S5: Performance of hBSA and iBOIN under correctly specified skeleton
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