Supplementary tables
[bookmark: response-rate-scenarios]Response-rate scenarios
Table S1 presents the 36 response-rate scenarios used in the primary analysis. Each scenario was defined by a combination of clinical threshold  and true-response probability , satisfying . Each response-rate scenario was evaluated under two conditions, with  and  pipeline subjects, resulting in 72 analysis conditions in the primary analysis.
Table S1: Response-rate scenarios used in the simulation study
	Scenario
	p0
	p

	1
	0.1
	0.2

	2
	0.1
	0.3

	3
	0.1
	0.4

	4
	0.1
	0.5

	5
	0.1
	0.6

	6
	0.1
	0.7

	7
	0.1
	0.8

	8
	0.1
	0.9

	9
	0.2
	0.3

	10
	0.2
	0.4

	11
	0.2
	0.5

	12
	0.2
	0.6

	13
	0.2
	0.7

	14
	0.2
	0.8

	15
	0.2
	0.9

	16
	0.3
	0.4

	17
	0.3
	0.5

	18
	0.3
	0.6

	19
	0.3
	0.7

	20
	0.3
	0.8

	21
	0.3
	0.9

	22
	0.4
	0.5

	23
	0.4
	0.6

	24
	0.4
	0.7

	25
	0.4
	0.8

	26
	0.4
	0.9

	27
	0.5
	0.6

	28
	0.5
	0.7

	29
	0.5
	0.8

	30
	0.5
	0.9

	31
	0.6
	0.7

	32
	0.6
	0.8

	33
	0.6
	0.9

	34
	0.7
	0.8

	35
	0.7
	0.9

	36
	0.8
	0.9


Table S2: Scenario-specific Pearson correlation coefficients for 
	
	
	
	AC
	ORP
	FRP
	AR
	ANR

	0.1
	0.2
	0.1
	0.854
	0.849
	0.686
	0.330
	0.825

	0.1
	0.3
	0.2
	0.819
	0.816
	0.642
	0.235
	0.780

	0.1
	0.4
	0.3
	0.655
	0.643
	0.468
	0.088
	0.644

	0.1
	0.5
	0.4
	0.406
	0.347
	0.125
	0.028
	0.462

	0.1
	0.6
	0.5
	0.223
	-0.001
	-0.028
	0.038
	0.327

	0.1
	0.7
	0.6
	—
	0.143
	-0.036
	0.267
	-0.272

	0.1
	0.8
	0.7
	—
	0.042
	-0.069
	0.247
	-0.272

	0.1
	0.9
	0.8
	—
	-0.185
	-0.041
	0.481
	-0.357

	0.2
	0.3
	0.1
	0.862
	0.852
	0.812
	0.572
	0.807

	0.2
	0.4
	0.2
	0.851
	0.843
	0.799
	0.561
	0.777

	0.2
	0.5
	0.3
	0.799
	0.803
	0.783
	0.571
	0.693

	0.2
	0.6
	0.4
	0.742
	0.774
	0.801
	0.701
	0.618

	0.2
	0.7
	0.5
	0.708
	0.729
	0.729
	0.031
	0.658

	0.2
	0.8
	0.6
	-0.012
	0.031
	-0.087
	0.272
	-0.004

	0.2
	0.9
	0.7
	—
	-0.054
	-0.004
	0.360
	-0.344

	0.3
	0.4
	0.1
	0.879
	0.875
	0.876
	0.667
	0.782

	0.3
	0.5
	0.2
	0.849
	0.847
	0.849
	0.627
	0.741

	0.3
	0.6
	0.3
	0.808
	0.810
	0.812
	0.616
	0.666

	0.3
	0.7
	0.4
	0.691
	0.700
	0.699
	0.592
	0.577

	0.3
	0.8
	0.5
	0.611
	0.572
	0.593
	0.497
	0.636

	0.3
	0.9
	0.6
	0.096
	-0.168
	0.099
	0.497
	0.091

	0.4
	0.5
	0.1
	0.879
	0.872
	0.875
	0.730
	0.732

	0.4
	0.6
	0.2
	0.829
	0.820
	0.824
	0.708
	0.688

	0.4
	0.7
	0.3
	0.811
	0.801
	0.802
	0.650
	0.616

	0.4
	0.8
	0.4
	0.726
	0.713
	0.728
	0.580
	0.604

	0.4
	0.9
	0.5
	0.146
	0.118
	0.145
	0.107
	0.248

	0.5
	0.6
	0.1
	0.874
	0.862
	0.872
	0.778
	0.652

	0.5
	0.7
	0.2
	0.876
	0.862
	0.870
	0.814
	0.632

	0.5
	0.8
	0.3
	0.810
	0.823
	0.801
	0.758
	0.529

	0.5
	0.9
	0.4
	0.763
	0.742
	0.757
	0.716
	0.430

	0.6
	0.7
	0.1
	0.882
	0.880
	0.858
	0.824
	0.552

	0.6
	0.8
	0.2
	0.836
	0.840
	0.807
	0.807
	0.522

	0.6
	0.9
	0.3
	0.843
	0.867
	0.781
	0.842
	0.427

	0.7
	0.8
	0.1
	0.870
	0.855
	0.754
	0.828
	0.442

	0.7
	0.9
	0.2
	0.868
	0.870
	0.718
	0.859
	0.435

	0.8
	0.9
	0.1
	0.867
	0.854
	0.577
	0.860
	—


Note: . An em dash (—) indicates that the Pearson correlation coefficient was mathematically undefined because the variance of either the PP obtained using the corresponding method or the reference PP was zero across the simulation replicates.
Table S3: Scenario-specific Pearson correlation coefficients for 
	
	
	
	AC
	ORP
	FRP
	AR
	ANR

	0.1
	0.2
	0.1
	0.755
	0.738
	0.374
	-0.302
	0.644

	0.1
	0.3
	0.2
	0.695
	0.680
	0.259
	-0.151
	0.567

	0.1
	0.4
	0.3
	0.472
	0.460
	0.595
	-0.027
	0.350

	0.1
	0.5
	0.4
	0.005
	-0.019
	0.083
	0.011
	0.026

	0.1
	0.6
	0.5
	0.091
	0.025
	0.030
	-0.108
	0.086

	0.1
	0.7
	0.6
	—
	0.022
	-0.080
	-0.134
	0.010

	0.1
	0.8
	0.7
	—
	0.080
	-0.202
	-0.110
	-0.024

	0.1
	0.9
	0.8
	—
	0.204
	-0.077
	0.176
	-0.209

	0.2
	0.3
	0.1
	0.772
	0.759
	0.639
	0.061
	0.566

	0.2
	0.4
	0.2
	0.716
	0.706
	0.635
	0.083
	0.489

	0.2
	0.5
	0.3
	0.629
	0.655
	0.677
	-0.010
	0.317

	0.2
	0.6
	0.4
	0.612
	0.745
	0.914
	0.022
	0.231

	0.2
	0.7
	0.5
	0.001
	0.084
	-0.155
	-0.090
	-0.029

	0.2
	0.8
	0.6
	0.086
	0.079
	-0.145
	-0.093
	0.086

	0.2
	0.9
	0.7
	—
	0.261
	-0.140
	0.149
	-0.227

	0.3
	0.4
	0.1
	0.772
	0.748
	0.750
	0.218
	0.473

	0.3
	0.5
	0.2
	0.724
	0.712
	0.690
	0.365
	0.424

	0.3
	0.6
	0.3
	0.631
	0.632
	0.674
	-0.013
	0.305

	0.3
	0.7
	0.4
	0.321
	0.293
	0.335
	0.152
	0.232

	0.3
	0.8
	0.5
	0.025
	0.005
	0.006
	-0.112
	0.225

	0.3
	0.9
	0.6
	0.032
	0.283
	-0.169
	0.121
	0.012

	0.4
	0.5
	0.1
	0.770
	0.758
	0.766
	0.336
	0.352

	0.4
	0.6
	0.2
	0.713
	0.693
	0.712
	0.330
	0.333

	0.4
	0.7
	0.3
	0.641
	0.666
	0.665
	0.398
	0.220

	0.4
	0.8
	0.4
	0.654
	0.813
	0.727
	0.940
	0.121

	0.4
	0.9
	0.5
	0.119
	0.082
	0.102
	0.087
	-0.005

	0.5
	0.6
	0.1
	0.785
	0.766
	0.747
	0.462
	0.200

	0.5
	0.7
	0.2
	0.729
	0.707
	0.676
	0.498
	0.216

	0.5
	0.8
	0.3
	0.579
	0.606
	0.504
	0.536
	0.146

	0.5
	0.9
	0.4
	0.585
	0.499
	0.557
	0.433
	0.137

	0.6
	0.7
	0.1
	0.773
	0.748
	0.653
	0.560
	0.098

	0.6
	0.8
	0.2
	0.733
	0.727
	0.571
	0.571
	0.106

	0.6
	0.9
	0.3
	0.586
	0.581
	0.421
	0.429
	0.091

	0.7
	0.8
	0.1
	0.803
	0.786
	0.511
	0.658
	—

	0.7
	0.9
	0.2
	0.698
	0.718
	0.402
	0.658
	—

	0.8
	0.9
	0.1
	0.770
	0.748
	—
	0.716
	—


Note: . An em dash (—) indicates that the Pearson correlation coefficient was mathematically undefined because the variance of either the PP obtained using the corresponding method or the reference PP was zero across the simulation replicates.
[bookmark: X28235ef49e5a96b6a82c778b2023b370560b818]Appendix A. Mathematical derivation of predictive probability under delayed binary responses
[bookmark: a.1-notation-and-model]A.1 Notation and model
Let  denote the maximum sample size; let the binary response outcome for subject  be

where  denotes true-response probability.
We assume the following prior distribution for response probability :

In this study,

corresponding to a  prior distribution.
At the recruitment decision point (RDP), let  denote the number of subjects whose primary endpoint outcomes have been ascertained and  denote the number of responders among them. Let  denote the number of pipeline subjects who have already been enrolled at RDP but whose primary endpoint outcomes have not yet been ascertained.
Thus, the number of subjects enrolled at RDP is

and the number of additional subjects to be enrolled before reaching the maximum sample size  is

[bookmark: X96102dc74acf00d2b7705e381e8c5d6ff593814]A.2 Posterior distribution based on subjects with ascertained outcomes
Using only subjects whose primary endpoint outcomes have been ascertained at RDP, the posterior distribution of response probability  under the conjugate Beta–Bernoulli model is

Under the  prior distribution used in this study,

[bookmark: a.3-final-success-criterion]A.3 Final success criterion
At the final analysis, let  denote the number of responders among all  subjects.
The final efficacy decision is based on the posterior probability that response probability  exceeds the clinical threshold :

In this study, the final success criterion was defined as

Under a  prior distribution, the posterior distribution at the final analysis is

Therefore, the final success criterion can equivalently be expressed as

where  denotes the cumulative distribution function of the Beta distribution. Here,  denotes the posterior probability threshold for success at the final analysis and is distinct from the PP threshold  used for the early-efficacy decision at RDP.
[bookmark: a.4-predictive-probability]A.4 Predictive probability
Predictive probability (PP) at RDP is defined as the probability, conditional on the information available at that time, that the final success criterion will be met at the final analysis.
When only subjects whose primary endpoint outcomes have been ascertained at RDP are used as the current observed data, let  denote the number of responders among the remaining

subjects whose outcomes will become available by the final analysis. These  subjects include the  pipeline subjects who have already been enrolled at RDP but whose outcomes have not yet been ascertained, as well as the  subjects who will subsequently be enrolled.
Conditional on the observed data , the posterior predictive distribution of  is

Accordingly, PP can be expressed as

Equivalently, in terms of a discrete sum,

Here,  denotes the indicator function, which takes a value of 1 when the specified condition is satisfied and 0 otherwise.
[bookmark: Xcb54b26858f6c48849df3d9aac791f21e0406f1]A.5 Explicit marginalization over pipeline outcomes
Next, consider an explicit marginalization over the possible outcomes of the pipeline subjects. Let  denote the number of eventual responders among the  pipeline subjects.
Conditional on the observed data  from subjects whose primary endpoint outcomes have been ascertained at RDP, the posterior predictive distribution of  is

Next, let  denote the number of responders among the

additional subjects who will be enrolled after the RDP before the maximum sample size  is reached.
Conditional on , the posterior predictive distribution of  is

Here, conditioning on  does not imply that the outcomes of the pipeline subjects are actually observed at RDP. Rather, this conditioning is only used to express the joint posterior predictive distribution of  and  through sequential factorization.
The total number of responders at the final analysis is

Therefore, the PP obtained by explicitly marginalizing over all possible outcomes of the pipeline subjects can be expressed as

[bookmark: X2a24f8894880cd29fb6a374f5802e1a3d4d13cd]A.6 Equivalence between explicit marginalization and AC
In Section A.5, the number of responders among pipeline subjects, , and the number of responders among subjects subsequently enrolled, , were considered separately.
Now, define

Here,  represents the total number of responders among the remaining  subjects whose outcomes are unobserved at RDP and will be ascertained by the final analysis.
By the consistency of sequential prediction under the Beta–Binomial posterior predictive distribution,

That is, whether the  pipeline subjects and the  subsequently enrolled subjects are predicted in two sequential stages, or all  remaining subjects are predicted jointly in a single stage, the marginal posterior predictive distribution of the total number of responders, , is the same.
More specifically, for any ,

and this marginal distribution is identical to

Therefore, the PP based on explicit marginalization defined in Section A.5 can be rewritten as

This is exactly

as defined in Section A.4. Therefore,

holds.
This result shows that, under the Beta–Bernoulli/Beta–Binomial model assumed in this study, when no additional partial information related to response status is used for pipeline subjects; subjects with ascertained outcomes, pipeline subjects, and subsequently enrolled subjects share a common response probability ; and response delay is noninformative, it is not necessary to explicitly enumerate and marginalize over the possible outcomes of the pipeline subjects.
Thus, the AC method used in this study should not be interpreted as simply excluding pipeline subjects from the analysis and ignoring uncertainty in their pending outcomes. Rather, under these assumptions, AC can be interpreted as implicitly marginalizing over the pending outcomes of pipeline subjects with respect to their posterior predictive distribution.
The equivalence demonstrated here is a theoretical relationship concerning posterior predictive distribution under the Beta–Bernoulli/Beta–Binomial model. Therefore, it does not imply that, in repeated simulations conducted under a fixed true-response probability , the mean difference between the PP obtained using AC and the reference PP must necessarily be zero.
[bookmark: a.7-interpretation-of-the-equivalence]A.7 Interpretation of equivalence
The equivalence described above does not imply that AC simply treats pipeline subjects as if they did not exist.
Under the Beta–Bernoulli/Beta–Binomial model assumed in this study, when no additional partial information related to response status is used for pipeline subjects; subjects with ascertained outcomes, pipeline subjects, and subsequently enrolled subjects share a common response probability ; and response delay is noninformative, the pending outcomes of pipeline subjects are probabilistically accounted for within the posterior predictive distribution together with the outcomes of the other subjects whose outcomes remain unobserved.
Therefore, under these assumptions, the same PP is obtained whether the possible outcomes of pipeline subjects are explicitly enumerated and marginalized over or the posterior distribution is updated using only subjects with ascertained outcomes and the outcomes of all remaining subjects are predicted jointly.
[bookmark: Xc1d1c468069c376c85b59cb55b562e18c48c958]A.8 Conditions required for equivalence
The equivalence described above holds under the model and information structure assumed in this study.
Specifically, the following conditions are assumed:
1. All subjects share a common response probability .
1. Subject responses are conditionally independent given .
1. Response delay is noninformative with respect to the eventual binary response outcome.
1. No additional partial information predictive of the final outcome—such as follow-up time, information on response timing, or baseline characteristics—is used for pipeline subjects.
1. The final decision is based on the number of binary responses among all  subjects.
If these conditions are not satisfied, the equivalence between AC and explicit marginalization over the possible outcomes of pipeline subjects is not generally guaranteed.
For example, if the time to outcome ascertainment is associated with the eventual response outcome, or if informative partial follow-up information on pipeline subjects is used, an approach that explicitly models such information may be required.
[bookmark: X4b19d2bee2a85998d735002b116a4b3227da63f]A.9 Mathematical interpretation of the five pipeline-handling methods
In this study, we compared five methods—AC, ANR, AR, FRP, and ORP—for handling the  pipeline subjects present at RDP.
In the following, let  denote the effective number of responders and  the effective number of subjects used as the current information for calculating PP under each method.
[bookmark: a.9.1-ac-method]A.9.1 AC method
The AC method uses only subjects whose primary endpoint outcomes have been ascertained at RDP as the current observed data.

Therefore,

Under the assumptions of this study, as demonstrated in the preceding sections, the PP obtained using AC is identical to that obtained by explicitly marginalizing over the possible outcomes of the pipeline subjects.
[bookmark: a.9.2-anr-method]A.9.2 ANR method
The ANR method treats all pipeline subjects as nonresponders.

Therefore,

Because ANR treats all pipeline subjects as nonresponders, it shifts the information used in the PP calculation in a direction that tends to lower PP.
[bookmark: a.9.3-ar-method]A.9.3 AR method
The AR method treats all pipeline subjects as responders.

Therefore,

Because AR treats all pipeline subjects as responders, it shifts the information used in the PP calculation in a direction that tends to increase PP.
[bookmark: a.9.4-frp-method]A.9.4 FRP method
Under FRP, the response rate used for pipeline subjects is fixed at 0.5, and the corresponding pseudo-response count,

is used in the PP calculation.
Therefore,

The corresponding working Beta distribution is

The value 0.5 is used as a simple, data-independent fixed value to provide a benchmark for the FRP approach, rather than as a value intended to represent a clinically valid response rate across settings.
Even when  is not an integer, the calculation can be performed in the same manner because the shape parameters of the Beta distribution can take positive real values. Thus,  is incorporated as a fractional pseudo-response count without rounding.
[bookmark: a.9.5-orp-method]A.9.5 ORP method
The ORP method uses the observed response proportion among subjects whose primary endpoint outcomes have been ascertained at RDP,

to define the pseudo-response count for the pipeline subjects as

Therefore,

The corresponding working Beta distribution used to calculate PP under ORP is

The pseudo-response count

is not the posterior predictive expected number of responders among pipeline subjects under the Beta–Binomial model. Indeed, if  denotes the number of eventual responders among the  pipeline subjects, as defined in Section A.5, then

Thus,

used in ORP is a plug-in value obtained by substituting the observed response proportion among subjects with ascertained outcomes at RDP for the response proportion among pipeline subjects.
When  is not an integer, it is incorporated as a fractional pseudo-response count into the shape parameters of the working Beta distribution without rounding.
ORP does not calculate PP for every possible outcome of the pipeline subjects and then average these values with respect to their posterior predictive distribution. Rather, it is a plug-in approximation in which a single pseudo-response count based on the observed response proportion is substituted into the PP calculation.
Therefore, the ORP PP,

is not generally identical to the PP obtained by explicitly marginalizing over the possible outcomes of the pipeline subjects,

The latter averages over the uncertainty in the possible outcomes of the pipeline subjects with respect to their posterior predictive distribution. The ORP method, meanwhile, replaces this distribution with a single plug-in pseudo-response count when calculating PP.
[bookmark: a.10-reference-predictive-probability]A.10 Reference PP
As the benchmark for comparing the PP obtained using each method, reference PP was calculated using the subsequently ascertained outcomes of all pipeline subjects who had already been enrolled at RDP.
Suppose that, among  pipeline subjects,  were subsequently ascertained to be responders. Then,

and

The reference PP was defined as

The reference PP is not the PP at the final analysis. Rather, it is the PP calculated after the outcomes of all pipeline subjects who had already been enrolled at RDP were ascertained, using their subsequently ascertained outcomes. Because these outcomes are not available at the actual RDP, the reference PP is not an implementable decision-making approach at that time. In this study, it was used as a retrospective oracle benchmark for evaluating the PP estimation performance of the different pipeline-handling methods and the agreement of interim decisions with those based on the reference PP.
[bookmark: a.11-summary]A.11 Summary
In this appendix, we have described the mathematical structure of PP under the Beta–Bernoulli/Beta–Binomial model used in this study.
In particular, we demonstrated that, under the assumptions of this study, when subjects with ascertained outcomes, pipeline subjects, and subsequently enrolled subjects share a common response probability ; response delay is noninformative; and no additional partial information predictive of the final outcome is used for pipeline subjects, the PP obtained by explicitly marginalizing over the possible outcomes of the pipeline subjects is identical to the PP obtained using AC.
By contrast, the ANR, AR, FRP, and ORP methods modify the information used for PP calculation at RDP by assigning specific outcomes or pseudo-response counts to pipeline subjects.
In particular, ORP is a plug-in approximation that uses a pseudo-response count based on the observed response proportion among subjects with ascertained outcomes at RDP and is therefore distinct from an approach that explicitly marginalizes over the possible outcomes of pipeline subjects with respect to their posterior predictive distribution.
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