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Introduction

In the development of biotechnology products, changes typically occur 
for legitimate reasons
• Scale up

• Process improvements

• Improving quality or stability

• New manufacturing site

In these circumstances a comparability exercise is conducted to 
compare the pre-change and post-change products according to 
Guidance ICH Q5E

ICH Guideline. Q5E 2004.



Comparability Studies

Analytical 
Comparability

Nonclinical 
Studies

Clinical 
Studies

“A determination of comparability can be based on a combination of analytical testing, biological 
assays, and, in some cases, nonclinical and clinical data. If a manufacturer can provide assurance of 
comparability through analytical studies alone, nonclinical or clinical studies with the post-change 
product are not warranted.” ----ICH Q5E

• Release tests or side 
by side

• Characterization tests
• Stability: Real-time, 

accelerated, stressed

The focus of the talk is on the comparability 
of release or side-by-side data



Health Authority Expectations: July 2023 FDA 
Guidance “Manufacturing Changes and Comparability for 
Human Cellular and Gene Therapy Products”



Health Authority Expectations
EMA Reflection paper on statistical methodology for the comparative assessment of quality 
attributes in drug development: July 2021 
Considerations for the Development of Chimeric Antigen Receptor (CAR) T Cell Products: 
March 2022 
FDA Draft Guidance for Industry: Statistical Approaches to Evaluate Analytical Similarity: Sep 
2017, withdrawn June 2018
FDA Draft Guidance: Development of Therapeutic Protein Biosimilars: Comparative Analytical 
Assessment and Other Quality-Related Considerations: May 2019 
Statistical Approaches to Establishing Bioequivalence: February 2001, December 2022
(Foundation is Schuirmann 1987)
FDA Draft Guidance Manufacturing Changes and Comparability for Human Cellular and Gene 
Therapy Products. July 2023



CGT Study Design Challenges
• In autologous cell therapy, each batch is produced from a donor 

o Variability between donors is high

o Due to difference in genetics, cell composition, cell state, or any prior treatments 

o “A split-source design limits the impact of cellular variability by splitting individual cellular source 
materials into two equal portions.” (FDA 2023 draft guidance)

• Material can be taken from both healthy donor or individual patient
o Healthy donor material is often used for ethical, logistical, and practical considerations

o Healthy donor material is a good representative model to capture wide variability 

• Tools and standardized analytical methods for both cell and gene therapy are still being 
developed

• Greater considerations may need to be given to storage conditions and manufacturing 
complexity



Study Design 
Designs for cell therapy

• Paired (split donor) design:

o Decreases variability due to batches

o Increases power

• Often limited sample sizes (eg N=3)

• SME input regarding the 
scientific/practical/technical 
considerations of the comparability

Designs for gene therapy

• The number of batches included in the 
comparability assessment is often 
determined by the clinical trial supply 
needs and available material

•Historical data may be used to assess assay 
variability and set EAC or quality range

Reference: 
• FDA Guidance Document, January 2024: Considerations for the Development of Chimeric Antigen Receptor (CAR) T Cell Products



Statistical 
Methods

Equivalence Testing
• Determines if mean shift between pre-change and post-

change processes falls within EAC
• Two One-Sided Test (TOST) is a common technique
• Challenge:
o EAC setting
o # of batches are usually driven by the supply needs 

instead of the design

Quality Ranges via Statistical Intervals
• Mean+/-k*SD
• Range for individual values.
• Data structure and sample size influence method choice
• Challenge: limited pre-change batches

• The risk assessment should “inform the 
statistical approach.” 
(FDA 2023 draft guidance)

• Both types of methods are mentioned 
as the possible methods by the FDA 
draft guidance and EMA reflection 
paper 

• Both have frequentist and Bayesian 
versions.



Equivalence Acceptance Criteria (EAC)

EAC: The largest acceptable difference.

“A comparability range that excludes any relevant difference.” (EMA)

Window of no practical relevance.

Health Authority Expectations: July 2023 FDA Guidance 
“Manufacturing Changes and Comparability for Human Cellular and Gene 
Therapy Products”



EAC Determination for TOST Procedure (1)
Using Capability (Burdick, 2022)

• EMA recommended that acceptance criteria should be 
established based on similarity condition

• Used capability to define similarity condition

• Capability= defined as  the probability that a value 
from the post-change process falls within 3-sigma 
limits of the reference process.

• EAC=the effect size corresponding to the “clearly 
unacceptable” condition which is determined jointly 
by SME and statisticians

• Sample size/design is determined by power analysis 
and EAC

Reference: 
• Burdick, R., 2022, Statistical Approaches for CMC Comparability Testing for Gene and Cell Therapy Companies, 8th IABS Statistics Workshop
• EMA reflection paper, 2021, Reflection paper on statistical methodology for the comparative assessment of quality attributes in drug development

Statistical

https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-statistical-methodology-comparative-assessment-quality-attributes-drug-development_en.pdf


Based on OOS

• EAC is the mean shift leading to small enough OOS

• Sample size is determined by power analysis 

• May not work before specifications are finalized

• Bayesian approach (see ref):

– OOS rate based on posterior predictive 
distribution from comparability data and priors 
from historical data/relevant scientific 
knowledge.

– Useful when data is scarce but prior knowledge 
is rich.

Reference: Yu, B., Zeng, L., Yang, H., 2017, A Risk-Based Approach to Setting Acceptance Criteria for Pharmaceutical Process Comparability, 
J Pharm Innov (2017) 12:357–366, https://doi.org/10.1007/s12247-017-9295-8

“The acceptance region is defined as the interval of allowable shift with OOS 
probability less than 0.05. For relative potency, the acceptance criteria (− 19.9, 
8.7). If the mean potency change is −19.9, the posterior probability of failing the 
specifications of 75–125% is 5% for the new process.”

EAC Determination for TOST Procedure (2)
Statistical



Based on given sample size

• Used when the number of batches are driven 
by the supply needs

• EAC= cσ, σ denotes the standard deviation 
(SD) representing process and analytical 
variability. The constant, c, is selected to 
ensure a high likelihood (e.g., >95%) of 
correctly claiming equivalence with the 
available sample size if the true mean 
difference is zero or smaller than a 
scientifically justified value. 

Reference: Chapter 12, Development of Gene Therapies: Strategic, Scientific, Regulatory, and Access Considerations, edited by Avery McIntosh, Oleksandr Sverdlov 2024

Sample size
(# of batches per process)

c 

3 3.65
4 2.91
5 2.51
6 2.24
7 2.05
8 1.90
9 1.78
10 1.68

Power curves peak for acceptable mean shifts
Decline sharply for larger, unacceptable shifts

EAC Determination* for TOST Procedure (3)
*Evaluation

Statistical

https://www.routledge.com/Development-of-Gene-Therapies-Strategic-Scientific-Regulatory-and-Access-Considerations/McIntosh-Sverdlov/p/book/9781032136554?srsltid=AfmBOopakXD_WZnaMJM6HYhoJxZZ1_-NEfMzmv4UGX5p97FsHMec3EYh


Varieties of Equivalence Test
Parameter of interest Commonly used EAC Benefits

Mean difference cσ Commonly available in statistical packages

Effect size=mean difference to 
sigma ratio

1, 1.5, 2, 3 Eliminates need to replace true σ with sample 
estimate in EAC leading to better Type I error 
control.* The same EAC could apply to different 
attributes

Mean ratio (0.8, 1.25) Ratio is unitless. The same EAC could apply to 
different attributes. Bayesian approach has been 
presented by Bill Pikounis*

Both frequentist and Bayesian versions are available

Reference: 
• Richard K. Burdick, Neal Thomas & Aili Cheng (2017) Statistical Considerations in Demonstrating CMC Analytical Similarity for a Biosimilar Product, Statistics in 

Biopharmaceutical Research, 9:3, 249-257, DOI: 10.1080/19466315.2017.1280412 
• Pikounis, B., 2024, Comparability with Statistical Rigor in Manufacturing Development, Bayes 2024 Conference, Rockville Maryland

https://doi.org/10.1080/19466315.2017.1280412


Quality Ranges via Statistical Intervals

𝑥̅𝑥 ± k*s

the sample average of 
the N pre-change lots

sample standard deviation 
of the pre-change lots

K=2 or 3 are commonly used for quality range for biosimilars. However, we would recommend 
simultaneous prediction intervals when there is reasonable number of pre-change batches. 

k = 𝑡𝑡1− 𝛼𝛼
2𝑚𝑚,(𝑁𝑁−1) ∗ 1 + 1

𝑁𝑁
  for two-sided;

 k = 𝑡𝑡1−𝛼𝛼
𝑚𝑚,(𝑁𝑁−1) ∗ 1 + 1

𝑁𝑁
  for one-sided.

Ref: Hahn, Meeker, 1991, p62-63



Small Dataset Example

99% PI

mean±3SD

(N=10)

 For small pre-change data set, reference interval mean±3SD can be narrower than 99% PI

 Usually works well when the number of pre-change lots is much larger than number of post-change lots

Data was generated by simulation



Frequentist vs. Bayesian for Small Dataset

• Both approaches result in the same conclusion
• Bayesian approach makes it easier to monitor 

the post-change posterior mean shifts

Bayesian: 99% HDIFrequentist: 99% PI

Bayesian: Posterior 
distribution for the mean

67.9 132.8

(N=10)

64.9

132.4

Reference:
–  Cheng, A. and Wang, K., 2019 Midwest Biopharmaceutical Statistics Workshop, Carmel, IN
– Case Studies in Bayesian Methods for Biopharmaceutical CMC, Chapter 11, 2022
– Development of Gene Therapies Strategic, Scientific, Regulatory, and Access Considerations, Chapter 12, 2024

 

https://www.taylorfrancis.com/books/edit/10.1201/9781003255093/case-studies-bayesian-methods-biopharmaceutical-cmc-paul-faya-tony-pourmohamad
https://www.routledge.com/Development-of-Gene-Therapies-Strategic-Scientific-Regulatory-and-Access-Considerations/McIntosh-Sverdlov/p/book/9781032136554?srsltid=AfmBOopakXD_WZnaMJM6HYhoJxZZ1_-NEfMzmv4UGX5p97FsHMec3EYh


Challenges in 
Applying 
Interval 
Approach

Selection of Appropriate Value for k
• Various intervals serve distinct purposes.
• The FDA (2019) did not endorse tolerance intervals for 

similarity acceptance criteria.
• Significant sample size needed for meaningful intervals.

Concerns of using reference interval Mean±3SD
• A special case of tolerance interval with coverage that 

depends on sample size.
• For 95% confidence, the coverage is poor for n < 15.

• Scientists often use it without clear understanding of 
confidence and coverage levels.

Recommendation Should be Based on Available Sample 
Size, but for small sample sizes interval will likely be too 
wide.

 

Reference: FDA draft guidance, 2019, Development of Therapeutic Protein Biosimilars: Comparative 
Analytical Assessment and Other Quality-Related Considerations. Line 812-815

https://www.fda.gov/media/125484/download
https://www.fda.gov/media/125484/download


Comparison between Frequentist and Bayesian

Method Pros Cons

Frequentist Approach
Widely used, 
straightforward

Equivalence test and 
statistical intervals 
assume data can be 
approximated by a normal 
distribution, less flexible

Bayesian Approach
Handles different 
distributions, flexible

Complex, requires prior 
knowledge; specialized 
software.



Factors to Consider for Method Choices
Choice of Method Depends on 
Various Factors

• Development stage of the 
process.

• Type of process change.

• Prior knowledge and data 
available.

• Goal of the assessment.

• Data distribution.

Collaboration between scientists, engineers, and statisticians is key.

Assumption of Normal Data
• Equivalence test and statistical 

intervals assume data can be 
approximated by a normal distribution.

• If not, a transformation or different 
distribution is needed.

• Bayesian approach handles different 
distributions better.

• Frequentist approach has limitations 
with non-normal data.
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