
INTRODUCTION
• The emergence of coronavirus disease 2019 (COVID-19) 

has caused a large outbreak and became a major public 
health emergency. 

• Many ongoing clinical trials are interrupted due to national 
guidelines and restrictive measures, including government 
lockdown, site closures, quarantines, and travel restrictions. 

• The COVID-19 pandemic may lead to difficulties in meeting 
protocol-specified procedures for clinical trial execution, 
including those for Abbreviated New Drug Applications 
(ANDAs). 

OBJECTIVES
• The purpose of this study is to use a modeling and 

simulation approach to evaluate the impact of using more 
than one batch of a Reference Listed Drug (RLD) in a 
pharmacokinetic (PK) bioequivalence (BE) study due to 
RLD expiration with study interruption.

METHODS
• Simulations were performed with a hypothetical orally administered product 

using a two-compartment model to mimic possible COVID-19 interruption 
scenarios. The investigated scenarios are 4-way fully replicated crossover 
study design with two types of interruptions.

For interrupted 4-way fully replicated crossover studies that are 
conducted with two RLD batches and pass BE evaluations with 

standard BE analyses without considering batch information, they 
would also pass BE if they were conducted without an interruption. 

For interrupted studies that cannot pass a standard BE evaluation 
without considering batch information, using a modified approach such 

as incorporating “batch(trt)” as a fixed effect may provide a more 
accurate estimate of the T/R ratio and can potentially make studies 
pass. Under this circumstance, whether the BE establishment with a 

modified BE approach is acceptable would be case specific. 

RESULTS
Figure 1. Percentage of studies that passed the 
modified BE evaluation while not passing the 
standard BE evaluation
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Passed studies Failed studies

Studies that passed the modified BE 
analysis

Evaluate if the same T can pass the BE when only one batch of R is 
used:
 Pass both R batches
 Pass only one R batch
 Not pass any R batch with PK metrics of T between PK metrics of 

both R batches
 Not pass any R batch with PK metrics of T outside those of R 

batches* 

Simulate BE studies with an interruption (2 batches of R are used)

Conduct standard BE analysis without considering “batch” effect

Conduct a modified BE analysis
( e.g.,“batch(trt)” as fixed effects)

Compare with BE results obtained from an 
uninterrupted study design (1 batch of R is 
used)

Inform BE 
assessment

*BE failure scenario.

Interruptions BE Evaluation Results Batch Difference
5% 10% 15% 20% 30%

3R1 + 1R2

BE to both R1 and R2 if used alone 62% 31% 6% 0 0
BE to only one batch of R (R1 or R2) 35% 68% 82% 65% 35%
BE to neither of the R batches  
but with PK between R1 and R2 2% 1% 12% 35% 65%
BE to neither of the R batches
& with PK not between R1 and R2* 1% 0 0 0 0

2R1 + 2R2

BE to both R1 and R2 if used alone 63% 31% 6% 0 0
BE to only one batch of R (R1 or R2) 34% 68% 80% 53% 4%
BE to neither of the R batches  
but with PK between R1 and R2 2% 1% 14% 47% 96%
BE to neither of the R batches
& with PK not between R1 and R2* 1% 0 0 0 0

Interruptions BE Evaluation Results Batch Difference
5% 10% 15% 20% 30%

3R1 + 1R2

BE to both R1 and R2 if used alone 10% 1% 0 0 0
BE to only one batch of R (R1 or R2) 64% 94% 92% 64% 8%
BE to neither of the R batches  
but with PK between R1 and R2 5% 3% 8% 36% 92%
BE to neither of the R batches
& with PK not between R1 and R2* 21% 2% 0 0 0

2R1 + 2R2

BE to both R1 and R2 if used alone 14% 2% 0 0 0
BE to only one batch of R (R1 or R2) 73% 93% 99% 90% 14%
BE to neither of the R batches  
but with PK between R1 and R2 13% 5% 1% 10% 86%
BE to neither of the R batches
& with PK not between R1 and R2* 0 0 0 0 0

2R1 + 2R23R1 + 1R2

Batch Difference Batch DifferenceNote: % indicates the frequency observed in each category. *BE failure scenario.

Table 1. Analyses of interrupted studies that passed the standard BE evaluation

Table 2.  Analysis of interrupted studies that passed the modified BE evaluation while not passing the standard BE evaluation

• If the T can pass the standard BE in an interrupted study (2 batches of an RLD used), when the study is conducted without interruption (1 batch of an RLD 
used), T would be 1) BE to at least one batch of the R; or 2) not BE to either R batches, but the PK metrics of T is between the metrics for the two R 
batches when the batch difference is large compared with implied BE limits on T/R ratios. The chance of studies that fell into the BE failure scenario was 
close or equal to 0 across all the investigated batch differences. The BE results obtained from a standard method are acceptable. 

• If the T failed to pass the standard BE but can pass the modified BE in the interrupted study (2 batches of an RLD used), when the study is conducted 
without interruption (1 batch of an RLD used), under most circumstances, T would be 1) BE to at least one batch of R; or 2) not BE to either R batches, 
but the PK metrics of T is between the 2 R batches. However, the chance of studies fell into the BE failure scenario is more than 5% when batch 
difference is small (i.e. 5%) and interrupted by a 3 to 1 R batch division. The acceptability of BE results conducted with a modified approach would be 
case specific.

Note: % indicates the frequency observed in each category. *BE failure scenario.

• For studies that cannot pass a standard BE evaluation without considering batch 
information, using a modified approach such as incorporating “batch(trt)” as a 
fixed effect may provide a more accurate estimate of the T/R ratio and can 
potentially make studies pass. 
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