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    Abstract
This workshop report summarizes the presentations, the breakout session outcomes, and the speaker panel discussions from the PDA Biosimilars Workshop held September 27–28, 2018, in Washington, DC. This format was deliberately selected for the workshop with the expectation of delivering a post-workshop paper on current best practices and existing challenges for sponsors. The event, co-chaired by Dr. Stephan Krause (AstraZeneca Biologics) and Dr. Emanuela Lacana (CDER/FDA), was attended by 140 agency and industry representatives. The workshop was separated into three major sessions P1: Regulatory Perspective, P2: Challenges in Biosimilar Development, and P3: Demonstrating Analytical Similarity. Each of the three sessions started with agency and industry presentations. Participants then split into two concurrent roundtable discussion groups to hear the answers to questions that had been provided to all participants one week prior to the event. The sessions were recorded. This paper provides consolidated answers to specific case studies for current challenges to sponsors and agencies. In addition, the panel discussion notes following each breakout roundtable session, as well as brief talk summaries of all speakers, are provided. The first session explored the challenges encountered with submission of biosimilar marketing applications from the perspectives of regulatory agencies. Expectations for a successful submission of the chemistry, manufacturing, and controls (CMC) information were described. The second session addressed high-level technical challenges and how to avoid pitfalls frequently encountered during biosimilar candidate development, including data quality expectations, creation of the final control strategy, and strategic choices necessary for candidate selection and development. Both regulatory perspectives and industry experience were shared. The last session explored the use of statistical tools to provide meaningful contributions to the demonstration of analytical similarity. The presentations highlighted common issues and practical challenges that arise during the application of statistical tools.
LAY ABSTRACT: Significant challenges are still-remaining for sponsors and agencies to successfully develop and license Biosimilars. A Biosimilars Workshop was therefore held on 27-28 September 2018 in Washington, DC, to find practical solutions to the remaining challenges. The workshop planning committee with members from industry and agencies prepared specific case studies focused on some of most difficult situations. The workshop was separated into three major sessions (P1 - Regulatory Perspective; P2 - Challenges in Biosimilar Development; P3 - Demonstrating Analytical Similarity) and each session attempted to provide practical solutions to the relevant case studies. This first session explored the challenges encountered with submission of biosimilar marketing applications from the regulatory agencies' perspectives. Expectations for a successful submission of the CMC information were described. The second session addressed high-level technical challenges frequently encountered during biosimilar candidate development, including data quality expectations, the creation of the final control strategy, and strategic choices necessary for candidate selection and development. The last session explored the use of statistical tools to provide meaningful contributions to the demonstration of analytical similarity and practical challenges that arise during the application of statistical tools.
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P1: Regulatory Perspective on Biosimilar Marketing Applications
Moderator: Stephan O. Krause, PhD, Director, QA Technology, AstraZeneca Biologics.
The first session, moderated by Dr. Stephan Krause, explored the challenges encountered with submission of biosimilar marketing applications from the perspective of regulatory agencies. The presentations provided an overview of these challenges with a focus on manufacturing development, commercial production, and control strategy. The speakers described the expectations for a successful submission of the chemistry, manufacturing, and controls (CMC) information.

Regulatory Perspective on Biosimilar Marketing Applications
Emanuela Lacana, PhD, Associate Director of Biosimilars and Biologics Policy, CDER, FDA
Dr. Emanuela Lacana started this session and provided insights into the general areas that have presented issues to achieving approval of a first-round Biologics License Application (BLA). These included analytical similarity as well as control strategy and routine manufacturing. For analytical similarity, inadequate reference standard qualification and characterization of critical attributes (e.g., impurities that affect potency, glycan structures) were mentioned. Dr. Lacana stressed that qualified reference standards are critical for the analytical similarity assessment and release of biosimilar product (BP) lots. Adequate bridging studies are needed when using multiple reference standards, particularly at the beginning of the biosimilar program when lots of U.S.-licensed reference product (RP) or non-U.S.-approved comparator may be used. An in-house reference standard should be established as soon as feasible. A two-tier reference standard system, with a primary and a working reference standard, as well as an appropriate qualification protocol, should be available at the time the BLA is submitted. Other recommendations for establishing a new reference standard include:

	Have an adequate number of replicates for assays that have higher variability (e.g., potency assays) for both release and analytical similarity.

	Have a pre-determined confidence interval (CI) of the mean, where the mean relative potency and the 95% CI are included within a sufficiently narrow range (90%–110%) and the CI is not repeatedly on one end of the 90%–110% range.

	Assign 100% potency; correction factors are discouraged. Evaluate multiple lots and select one that closely matches the existing reference standard.

	Establish an adequately justified monitoring program.


Dr. Lacana continued and explained that forced degradation studies are an important element in establishing analytical similarity. All critical assays should be included in these studies, including functional characterization (i.e., potency assays or receptor binding assays). The impurity profiles and the individual impurities should be characterized and compared to those of the RPs.
A cell-based bioassay needs to be developed and validated to evaluate potency based on the recognized mechanism of action of the RP and the proposed biosimilar. Clear demonstration of the assay's sensitivity to detect differences or a modification that is known to impact potency from RP literature is expected. Dr. Lacana described a case in which a modification of the RP was known to impact potency. Analytical similarity data showed no impact on potency for either the RP or the proposed biosimilar when a protein fraction thought to be enriched with the modification was evaluated. The cell-based assay was considered to be not appropriately sensitive for evaluating the modification and an orthogonal method to detect the modification was implemented.
Regarding analytical method bridging and transfer, a changed method should be adequately bridged to demonstrate comparable performance using retained samples where feasible and appropriate materials (e.g., samples containing varying levels of impurities). Similar approaches are to be considered when a method is transferred to a new site. The method transfer report is to be provided in the BLA.
With respect to process characterization and validation studies, Dr. Lacana mentioned the need for adequate qualification of data and information supporting the validity of scale-down models and validation data supporting the removal of process-related impurities. A worst-case scenario using spiking studies should be used to demonstrate the removal of some process-related impurities. Further, sufficient cell bank information is to be provided (characterization, stability, use in manufacture, etc.) and the replacement of working cell banks is expected to be confirmed with relevant data from at least one at-scale lot. Information on critical raw materials and studies to support their use (e.g., polysorbate stability) is also expected.
The use of RP data in release and stability specifications was confirmed to be acceptable, in certain circumstances, from the perspective of providing additional justification to support the BP ranges.
Dr. Lacana emphasized that immunogenicity is a critical component of the biosimilar program and is needed to support determination of biosimilarity. CMC reviewers review information on immunogenicity assay performance. Deficiencies in assay development and validation are frequent review issues and FDA recommends that sponsors obtain agreement on assays from the Agency before testing clinical samples.

Evolving EU Views on Analytical Similarity
R. Martijn van der Plas, PhD, Senior Assessor Biologicals, Medicines Evaluation Board (MEB) the Netherlands
Dr. Martijn van der Plas shared the European Medicines Agency (EMA) expectations for biosimilarity. Comparability for manufacturing changes and (analytical) biosimilarity represent branches of the same tree with differing practical challenges. Comparability for manufacturing changes frequently involves multiple pre-change lots compared to three post-change lots. In contrast, BP development usually involves about 30 lots of RP compared to about 10 lots of the BP, but in the case of biosimilarity, lot independence is not always guaranteed.
Dr. van der Plas outlined the importance of the quality attribute criticality assessment where it might be necessary to consider 30–50 quality attributes. The need for an effective ranking and filtering system is recognized, although in practice, such systems are seen to vary across applicants and applications.
It is preferred that the acceptance criteria for analytical similarity be predefined, although applications frequently apply a post hoc justification. It is recognized that criteria for comparability are very challenging and that there is currently no EU guidance defining expectations. However, several common patterns are emerging and are often based on a comparison of ranges.
Dr. van der Plas raised the issue of whether any comparability exercise (manufacturing change or biosimilarity) represents a predictive or a confirmatory picture of the product. He questioned if the (relatively) small number of post-change or BP lots are sufficient to make predictions of future performance. The use of a control strategy which should employ the use of not only specifications/release testing but also additional control strategy elements, also play a key role.

A Reviewer's Perspective of Biosimilar Submissions
Chantal Depatie, PhD, Senior Biologist Evaluator, Health Canada
Dr. Chantal Depatie indicated that a revised Biosimilarity Guidance was released in December 2016 to reflect experience gained by Health Canada. Dr. Depatie suggested for sponsors of biosimilars to provide a justification when using a non-Canadian sourced version of the reference product as a proxy in lieu of the Canadian drug in the comparative studies. Characterization studies may need to be conducted in a side-by-side format whenever assay variation is significantly large with respect to the comparison criteria. Similarity should be deduced primarily from comprehensive and well-rationalized quality studies. Stability data, including those generated from accelerated or stress conditions, provide insight into potential product differences in the degradation pathways of the drug product and, thus, potential differences in product-related substances and product-related impurities. Data obtained from multiple batches of the biosimilar and the reference biologic drug should be provided to help generate an understanding of ranges in variability.
Two important points should be considered when demonstrating that products are highly similar: (1) is existing knowledge of both products is sufficient to predict that any differences in quality attributes should have no adverse impact upon safety or efficacy of the biosimilar, and (2) are nonclinical and clinical data previously generated with the reference biologic drug relevant to the biosimilar?
Dr. Depatie reiterated that biosimilars are not “generic biologics” and that many characteristics associated with the authorization process and the marketed use of generic pharmaceutical drugs do not apply. The authorization of a biosimilar is not a declaration of pharmaceutical and/or therapeutic equivalence to the reference biologic drug. Once a Notice of Compliance is granted, the biosimilar is a new biologic drug and is regulated like any other new biologic drug.
The following comments were made:

	there is no Canadian requirement to use tiered statistical or quality range approaches (although there is an expectation to see ranges compared);

	it is expected that the approach taken is appropriately justified;

	regardless of the approach taken, include plots of the biosimilarity data;

	manufacturing variability in the RP should be assessed and potential drifts in test results of the RP should be evaluated.


Inappropriate control strategies have been frequently observed in the submissions, specifically for glycans and potency assays (i.e. Fc-related), as well as product-related impurities. According to Dr. Depatie, acceptance criteria are often too wide when based on RP variability and the statistical approach to setting specifications has been inadequate. Acceptance criteria should be based and justified primarily on biosimilar manufacturing history and capabilities. Accumulated knowledge of the RP can be used as supporting data. The sponsor should consider the impact of glycosylation and post-translational modifications and whether any novel mechanisms of action exist.

P1: Summary of Concurrent Breakout Roundtable Discussions
Fictional case studies were prepared by the workshop planning committee members (industry and agencies). Case studies were written into problem statements and based on frequently observed challenges for sponsors and/or agencies. Problem statements were prepared for each breakout session and submitted to the attendants one week prior. The available case studies for each of the three breakout sessions were then addressed by the attendants with the intent to document practical solutions.
Problem 1: The contract manufacturing organization (CMO) selected for product manufacturing and release only has cation-exchange high-performance liquid chromatography (CEX-HPLC) to assess the charge variant profile. Analytical similarity studies were conducted using capillary isoelectric focusing (cIEF). The CEX-HPLC method available for release is not fully validated. Changing the CMO is not an option.
Proposed solutions were to:

	Purchase the cIEF equipment for the CMO, transfer the method, and validate the CEX-HPLC method and conduct bridging studies with the cIEF method.

	Sponsor to fully understand what attribute information was derived from one method versus the other method.

	Regarding method validation studies (vs qualification), before PPQ and/or for supporting PPQ studies, method qualification could be sufficient. Method validation studies could be completed later (prior to MAA filing).

	Ideally, the sponsor should conduct side-by-side testing by the CEX-HPLC and cIEF methods in earlier materials, including available retains and all materials manufactured subsequently as well as stability samples.

	The strategy for method replacements should be discussed with Agencies, specifically for the impact on the analytical similarity assessment.



Problem 2: Reference standard is lost by accident and only 10 vials are now left. The reference standard is needed to support process validation and additional similarity data. Multiple reference product lots (including those used in PK similarity) are close to expire so using those lots for making additional reference standard vials may not be feasible. The engineering lot (the only representative commercial lot) has a lower potency value compared to the current reference standard of which only 10 vials are left.
Possible solutions and considerations were given:

	Immediately begin the qualification of a reference standard. The sponsor should focus on Reference Standard qualification, especially for potency results since there are only 10 vials left.

	Sub-aliquoting the remaining vials with a controlled process could be done to maximize the use of remaining Reference Standard material.

	If the “lower” potency (91%) is a reason not to use the engineering lot, assess whether the results are ascribable to method variability or whether this is a true difference (controlled by appropriate number of replicates) with respect to the reference product range.

	Earlier DS batches could be evaluated to determine if one of these could be acceptable as reference standard.

	The same batch of drug substance, used for the original Reference Standard, if still available, could also be used for the replacement Reference Standard, provided stability data are supportive.

	Additional aspects considered important are to control Reference Standard qualifications with stringent requirements for equivalence, especially for potency comparisons.

	The need to re-test the earlier DS/DP materials and RP lots with new Reference Standard should be evaluated.



Problem 3: FDA requests a functional potency assay for analytical similarity, considered critical for extrapolation. The potency assay will be ready in the middle of PPQ and after the reference standard will be have been changed.
The group discussion resulted in the following suggestions:

	Retain frozen samples from earlier materials and RP lots, with adequate supporting freeze/thaw data, then have those available to bridge PK and PPQ materials.

	The sponsor might be able to justify why PK materials do not need to be tested with the new functional assay.

	Test other materials representing critical attribute extremes, and, perform an assessment of all other attributes.

	Potentially, the sponsor may still able to justify extrapolation if there is no effector function. The mode of action (MoA) must be binding so that extrapolation could be justified.

	To fully justify, MoA should be the same for all relevant indications and within the context of the totality of evidence (i.e. no other structural differences).




P1: Panel Discussion
Moderator: Stephan O. Krause, PhD, Director, QA Technology, AstraZeneca Biologics
Chantal Depatie, PhD, Biologist Evaluator, Health Canada
Emanuela Lacana, PhD, Associate Director for Biosimilars and Biologics Policy, CDER, FDA
R. Martijn van der Plas, PhD, Senior Assessor Biologicals, Medicines Evaluation Board (MEB), The Netherlands
Marjorie A. Shapiro, PhD, Supervisory Biologist, Chief, Laboratory of Molecular and Developmental Immunology, CDER, FDA
(The answers provided here may not necessarily reflect a consensus among the panel members and/or workshop participants.)
Audience: How are biosimilar specifications linked to clinical trial data? How does the biosimilar specification setting process compare to a traditional approach for innovator products?
Panel: Since clinical studies' lots are limited, it might be acceptable to rely on some clinical RP data for some attributes if similarity is appropriately demonstrated.
Audience: What are the expectations for a binding assay? What is the value of these data compared to characterization data from more sensitive, robust assays?
Panel: There have been examples, such as for trastuzumab biosimilars, where ADCC is very difficult to interpret, especially when data from several different assays are compared from different angles. However, physico-chemical characterization approaches (e.g. glycans) can provide valuable supplemental information in addition to biological assays.
Audience: What additional information is provided by potency assays in forced degradation studies?
Panel: If there is a linear correlation between potency and other attributes, purity assays might be leveraged more. However, we do not always know for sure if these correlations are sufficiently representative, especially when literature data are controversial.
Audience: Some sponsors are coming up with a larger number of critical quality attributes (CQAs) (e.g., pH, osmolality, etc.) and it might be diluting their real purpose of clinical relevance. What should the sponsors focus on for analytical similarity?
Panel: It is important not to miss attributes that require attention. The recommendation is not to limit the number of CQA assessments. The recommendation is to develop a meaningful classification system and to evaluate high and low criticality attributes using different criteria rather than trying to get rid of CQAs. Some attributes might be linked to each other and it is important to assess them in this context.
Audience: Should there be a difference in approaches for establishing comparability for process changes and demonstrating analytical similarity?
Panel: In the process comparability situation, there is usually good knowledge of the manufacturing history. In contrast, similarity studies do not have the benefits of process history knowledge. Fundamentally, the problem or question being addressed in similarity is comparing how two data sets compare with one another. However, depending on the situation, the requirements for number of samples, tests, and acceptance criteria may be very different and they collectively will need to be adapted to this specific case. In some cases, comparability for process change might be more complicated, especially when a lack of characterization of earlier lots exists. Compared to this, similarity studies in some cases might be more robust. However, the amount of process knowledge in the comparability exercise is still much more significant. In all cases, science must be used to develop the strategy.
Audience: How can we deal with “sliding” data from potency assays? Often, these assays are not sensitive enough to definitively detect a drift. Is it possible to justify leveraging the entire range rather than a subset?
Panel: If a drift is visible, then it would be important to see an assessment of what attributes are changing and provide justification on what lots should be used.
Audience: How can information from different innovator product presentations be used for similarity assessment?
Panel: It might be acceptable to pool different RP presentations for similarity assessment if appropriate risk assessment is performed on the significance of their potential differences resulting from drug product manufacturing.
Audience: How are nominal versus label claim differences in protein content currently viewed?
Panel: It is a serious problem, and it happens. It is related to the standardization issue, including the extinction coefficient used for testing, and so forth. Usually, data need to be well understood, for example, extractable volume versus total amount in the vial, and can differ depending on the situation. There were precedents with differences in clinical studies' outcomes when label concentration was used for clinical studies as opposed to measured concentration.
Audience: How are differences observed in forced degradation studies to be interpreted?
Panel: The way the forced degradation studies ideally should be set up is as follows: induce 15%–30% degradation while remaining relevant to the “normal” degradation pathways. If there are differences, they must be explained. It is important to use multiple suitable stability-indicating assays.
Audience: Are forced degradation studies currently overdone? Were there situations in which the forced degradation data revealed a true difference not detected by regular stressed studies?
Panel: If there is no apparent evidence of difference, it does not always mean that difference is not there. Perfect analytics theoretically should be able to reveal an existing difference. These studies are truly useful when degradants are relevant to real life conditions. Ball-park similar degradation as a qualitative assessment can be acceptable to the agencies. These studies are valued because they give additional information. It is acceptable to bring the question on necessity of the forced degradation study for consultation to the agencies, but it is necessary to explain why they are not best option for certain situations.
Audience: Why is there a concern regarding a “binary” CQA/non-CQA definition, if the risk assessment system is providing additional granularity?
Panel: Different “colors” and “shades” are important. In the context of similarity, there was some confusion between how criticality assessment is done for similarity versus control strategy. Assessment of criticality should be done based on what is known about the product's attributes. A tiering approach for similarity is related to the statistical method and was not intended to have a direct connection to the criticality of the attributes.
Audience: Was there ever a situation where a BP used a similar or even wider specification than the innovator product?
Panel: Usually knowledge of the RP is not used for this purpose. Specifications for the BP are usually set with clinical and manufacturing information from the BP.
Audience: When RP data show wide variability, should technically all these data sets be available for use in the similarity assessment?
Panel: It is important to look at the attribute, and sometimes the entire range might not be appropriate for the target value. In the EU, the QTPP is often used and the data analysis can result in how much the actual data will support later the established QTPP. If there is a large enough number of batches, the resulting range should ultimately approach similar values between the QTPP and actual lot results.


The Trapeze and the Trap Door: Navigating High-Level Technical Challenges in Biosimilar Development
Moderator: Joel T. Welch, PhD, Review Chief, CDER, FDA
The second session, moderated by Joel T. Welch, PhD, addressed high-level technical challenges and how to avoid pitfalls frequently encountered during biosimilar candidate development, including data quality expectations, creation of the final control strategy, and strategic choices necessary for candidate selection and development. Both regulatory perspectives and industry experience were shared. Presentations provided practical perspectives on developing “fit for purpose” analytical methods, inspectional expectations, the intersection of the analytical similarity assessment with the proposal of a final control strategy, and critical strategic decisions necessary in a biosimilar development program.

Data Quality Considerations for Biosimilar Development
Jee Chung, PhD, Biologist, CDER, FDA
Dr. Jee Chung summarized current data quality concerns about the use of analytical methods and pre-approval inspections (PAIs). For analytical methods, the criticality of suitable method qualification, validation, and transfer was emphasized. To illustrate the agency's concerns for method suitability, Dr. Chung discussed a hypothetical example in which methionine oxidation directly impacted binding activity, yet no differences in binding were noted with positive and negative controls. She explained the importance of reference standard qualification and provided examples of issues observed. Further, the agency has had concerns about the interpretation of analytical similarity whenever multiple different reference standards were used during analytical similarity testing.
Dr. Chung mentioned that characterization testing was often done in non-good manufacturing practice (GMP) facilities. The principles outlined in the FDA 2016 data integrity guidance (2) should be considered regardless of the GMP status of the testing facility and any cherry-picking for including/excluding of particular lots is to be avoided. Dr. Chung summarized some of the expectations from the agency:

	The traceability back to the original data is to be ensured as issues can arise when there is no back-up process for raw data.

	Written procedures for lot selection are needed.

	Generating invalid data and/or other issues with data collection are to be avoided.

	Analytical instrument qualification, calibration, and maintenance are also important.



Key Lessons Learned from Navigating the Challenges Associated with Biosimilar Product Development
Catherine A. Srebalus Barned, PhD, Senior Director, Biosimilars Analytical R&D, Pfizer Inc.
Dr. Catherine Srebalus-Barnes provided detailed illustrations of development processes for biosimilars. She suggested separating the biological characterization from the physiochemical characterization. The best overall approach for BP development is to draft the CQA assessment first and then refine it later. Additional major considerations and/or suggestions by Dr. Srebalus-Barnes were the following:

	Final analytical similarity studies should include PPQ study lots.

	Regarding the procurement of RP lots, it is recommended that sponsors sample fewer lots over a longer time period rather than acquiring a large number of lots over a limited time frame. Extending the acquisition timeframe over a longer period improves the likelihood that more unique DS lots will be included in the analytical similarity studies. This will then likely better reflect the long-term RP lot variation. An increase in RP lots procurement should occur when a drift/shift is seen in RP results. Having a formal prospective procurement plan and testing strategy plan is recommended.

	Analytical testing control samples (assay controls as part of the test method system suitability criteria) are important to control method variability.

	Use of assay control charting to monitor long-term method performance is recommended.

	Not all CQAs may be relevant to analytical similarity, some may only be important for the control strategy.

	The sponsor should justify the classification of non-CQAs versus CQAs.

	Specifications can be derived from consideration of RP results for end of shelf life.

	When using wider specifications for routine testing versus those used in analytical similarity, a tighter overall control strategy may be expected by the agencies.



A Systematic Approach to Establish a Manufacturing Control Strategy in Biosimilar Development: A Regulatory Perspective
Daeseok Chai, PhD, Regulatory Affairs, CELLTRION, Inc.
In the final presentation of this session, Dr. Daeseok Choi provided a high-level overview of QTPP, CQAs, and the control strategy development process and conditions.

P2: Summary of Panel Question and Answer Session
(The answers provided here may not necessarily reflect a consensus among the panel members and/or workshop participants.)
Audience: How do we make sure that RP data are representative of true variability?
Panel: Procure lots over time and pay attention to expirations dates. Statistics can be applied to the control chart data for assessment of variability. However, it is important to assess statistically significant differences against practical significance since they are not necessarily the same.
Audience: Is a final analytical similarity assessment post-PPQ a common practice?
Panel: Not necessarily, but PPQ lots should be included as final and representative material.
FDA: Specifications are set at a certain time point. Things can change based on a new indication. It is not only about the RP range tested. Sponsor can/should not automatically assume and use this argument.
A long and intense discussion occurred regarding the topic of 21 CFR Part 11 (3) compliance expectations for characterization testing data.
Audience: What is the expectation for calibration of equipment, and so forth, in terms of 21 CFR Part 11 compliance for acquisition of RP characterization data?
Panel: The expectation is not necessarily the full 21 CFR Part 11 level of compliance, but the ability to present data demonstrating that methods are appropriately qualified.
Audience: There was a recent FDA Form 483 due to a lack of 21 CFR Part 11 compliance for qualification of the non-GMP equipment used for a characterization study. Additionally, there was a recent citation for the development data used to support an assay validation plan.
The FDA pointed out that analytical similarity data are replacing a portion of the clinical data, therefore, the criticality of these data is high, and thus raising expectations for data fidelity/integrity also for characterization results. Dr. Srebalus-Barnes suggested that data from GMP laboratories versus data from non-GMP laboratories are categorized accordingly by the sponsor upfront to make it transparent to the inspector which laboratory data are GMP versus non-GMP and why/how these have been separated based on risks. She further suggested providing this (formal) plan/report at the PAI. This plan/report should contain sufficient information on which data have been generated in which laboratory setting and the expectations regarding the level of applied GMP conditions, including 21 CFR Part 11 requirements, verification/qualification/validation study requirements, and so forth. The FDA noted that it is important to understand the role of different data sets and to assess any potential issues with data integrity in non-GMP laboratories.
Audience: Are GMP requirements relevant for characterization testing?
FDA (repeated): The FDA expressed concern that data may otherwise not be accurate and complete. The principles of 21 CFR Part 11 are still important here because clinical studies are reduced for biosimilars compared to innovator drugs and the analytical similarity assessment therefore carries a great deal of weight in the overall similarity assessment.


P2: Summary of Concurrent Breakout Roundtable Discussions
Two concurrent sessions offered interactive discussion of the key messages from the session presentations. In each, the group voted on two topics and the Panel speakers facilitated discussions using case studies and examples.
Question: Is It Acceptable for the Sponsor of the BP to Propose Specification Acceptance Criteria That Allow a Greater Level of Impurity Compared to the Level in the RP?
Participants agreed that it is possible to have a wider range for the BP compared to the RP if it is appropriately justified that there is no impact on safety and efficacy. All impurities should be characterized and categorized whether they affect potency and/or product stability (degradation products, aggregates). The impact on safety and efficacy (criticality) should be evaluated as well as any potential immunogenicity risks and whether changes over the product shelf life could impact release and/or shelf-life specifications.
Participants further understood that different considerations may be needed if the impurity is a product-related substance. The established range of the specification that can be justified may depend on the criticality. Further, the level of the impurity is to be considered (e.g., is it greater than 1%?) for the risk assessment. Participants discussed whether clinical and/or toxicology study data can be used to support the risk assessment for the potential patient safety impact and whether the existing impurity level is relevant. Clinical qualification of a small difference could be difficult to tease apart, so additional in vitro data may be important to provide more information on the potential impact. More studies may be required to characterize a given impurity and a functional assay may need to be performed to provide essential information for the potential risk(s).

Question: Can the RP Range Support a Wider Range for the BP Specification(s)?
The general consensus among the participants appeared to be that the RP range can support the setting of a wider range for the BP specification(s). The essential question is whether specification limits should reflect manufacturing consistency or clinical relevance. To be considered further are whether the attribute being evaluated will be a specification limit. Can the test method detect the same attribute in both the RP and the BP? This may need to be confirmed (e.g., for charge species, are the species under some peaks the same for the RP and the BP?) The sponsor should consider and provide justification for the use of a wider RP range, specifically: Could it be due to drift or shift or the age of the RP? When was the test performed? What is the variability of the test method? What is the overall confidence in the test results? The sponsor should consider all aspects of the available data for the basis of the RP range (e.g., process variability versus (un-)intended shift). The sponsor should assess whether it might be appropriate to establish a specification and a control range (to assure out-of-trend results would be appropriately investigated).

Question: What has been the sponsor's experience making manufacturing process/scale and analytical method changes during biosimilar product development? What strategies have been used by the sponsors to support changes?
(A) For Process‐Related Changes:
The sponsor typically has experience with manufacturing changes during BP development.
A common change is going from a small‐scale to a large‐scale manufacturing process. This requires a full comparability exercise and the comparability strategy should be discussed with the Agency early on to confirm that it is acceptable. Comparability protocol(s) should be carefully prepared and, before licensure, the sponsor needs to ensure that similarity is not impacted (no meaningful impact on CQAs relative to the RP range). The consensus was that comparability is different from similarity and that the sponsor has knowledge regarding the changes made to the BP, but that the sponsor has no knowledge of the RP manufacturing process.
The CQAs that are analyzed can be reduced based on the risk‐based perspective for change(s) and the similarity studies (emphasis on CQAs for similarity assessment). Sufficient material should be retained for comparability assessment. All relevant lots are to be included in the comparability assessment. If process changes during development move the BP attribute(s) outside of historical ranges or ranges observed for the RP, justification to support the new level must be provided (e.g., clinical relevance). The RP range may be used to assess the potential impact of changes during drug development between pre- and post-change material, whenever observed. Post-approval changes to the BP are not being considered in this query.

(B) For Analytical Method‐Related Changes:
The participants recognized that changes to analytical methods have been made by sponsors and have been approved by the agencies. It is critical to have retained samples for both the BP and the RP to bridge both methods. Samples must be stored appropriately with data to support storage. The sponsor should assess the impact on the analytical similarity plan and revise this plan as needed. Method bridging studies should be planned and executed prospectively.


Question: What Do We Need to Do Differently for Biosimilar Pre‐Approval Inspections Relative to Innovative Biologic Products? What Areas Outside of Manufacturing and QC Labs Provide the Biggest Challenges?
Additional characterization methods for analytical similarity should be qualified (particularly functional assays related to MoAs). The qualification studies should focus on demonstrating that the methods are sufficiently sensitive to detect any existing differences between the BP and the RP should they exist. Analytical similarity data play a unique role as they may serve to support extrapolation including indications for which the biosimilar is not collecting clinical data. Therefore, there is a high degree of reliance on analytical data to support that the BP has a similar efficacy and safety profile.
Regarding data quality expectations for analytical similarity data, regulators typically focus on the data being scientifically sound and fit for their intended purpose. Compliance with 21 CFR Part 11 is not necessarily expected for characterization methods, although some industry participants shared examples where they felt that this was a discussion point during inspections of non‐GMP labs. Participants recognized that expectations here are that the data are reliable and that instruments are calibrated.
The audience acknowledged that the Agencies have an increased focus on data quality because of the high degree of reliance on analytical data to support that the BP has a similar efficacy and safety profile.

Question: What Other Submission Content Is Being Requested by Regulatory Agencies for Biosimilars That Is Not Typically Provided for Innovator Products?
All Module 3 CMC information requested for 351(a) application should also be submitted for 351(k) application. Additional information for analytical similarity that is generally expected includes:

	The characterization test method qualification study results (for non-GMP testing used to demonstrate similarity).

	Information about the RP lots that the biosimilar applicant has procured and tested.

	Lot information

	Testing performed

	Age at time of testing

	Sample storage and shipping details.



	The link between CQAs, similarity data and control strategy should be clear (particularly when analytical differences between the BP and RP are observed).

	Complete description of all reference standards used for the analytical similarity testing, particularly for functional testing (e.g., when multiple reference standards have been in use for the development program).



Question: What Level of Qualification Is Expected for Non‐Specification Methods Used to Support the Similarity Package?
Qualification of non‐release methods used for analytical similarity is to be submitted in the regional section of the license application (i.e., 3.2.R of the electronic common technical document). Regulators encourage the use of state-of-the-art methods but recognize that method qualification can be challenging for sponsors. Participants agreed that both instrument calibration/qualification and method qualification should be completed to confirm reliable data can be generated. Method qualification studies should be designed according to the intended use and type of method being qualified. In general, qualifications should include intermediate precision and accuracy with a focus on the test method's sensitivity to quantify differences between the BP and the RP. A method qualification summary or report should be available for review in the inspection(s). For the similarity assessment, the reference standard(s) used for all of the data should be clearly identified.


P2: Panel Discussion
Following the concurrent sessions, participants rejoined the panelists to consider the outcomes and take-away messages of the concurrent discussions.

Moderator: Joel T. Welch, PhD, Review Chief, CDER, FDA
Catherine A. Srebalus-Barnes, PhD, Senior Director, Biosimilars Analytical R&D, Pfizer Inc.
Daeseok Choi, PhD, Regulatory Affairs, CELLTRION, Inc.
Jee Chung, PhD, Biologist, CDER, FDA
Qing (Joanna) Zhou, Product Quality Team Leader, CDER, FDA
(The answers provided here may not necessarily reflect a consensus among the panel members and/or workshop participants)
Dr. Srebalus-Barnes suggested first using ICH Q5E together (“hybrid”) with relevant analytical similarity data for post-approval comparability. Dr. Barbara Rellahan (Amgen) replied that Amgen has not included any analytical similarity data for post-approval changes (no RP data included). Dr. Lacana (FDA) stated that in the absence of current FDA guidance, the FDA cannot comment at this point in time. She suggested that sponsors should consult with the FDA for major changes until FDA guidance becomes available. Dr. Shapiro (FDA) reminded the participants that publication of a post-approval Biosimilar FDA draft guidance is planned in 2019. Dr. Nadine Ritter (consultant) added that following the approval of the BP, interchangeability options will likely be affected here when RP and BP may diverge when they go through major changes. Dr. van der Plas pointed out that the industry is still very young to have a clear regulatory expectation here. Theoretically, the RP and BP remain linked as they are connected through the Q5E change sequence captured through post-approval changes.


P2: Summary of Concurrent Breakout Sessions
Question: There was a recommendation to have a link between CQAs, control strategy and the analytical similarity assessment. What does it mean?
If the RP data are used to support the control strategy, then this link is important. This type of link is also needed if there was a difference observed in the similarity assessment. In this case, the sponsor needs to be able to point back to the overall control strategy for assurance of control for any drift, and so forth.

Question: Can RP Data Be Leveraged for Specification Setting?
For potency assays, one should consider if there is knowledge of what attributes may be driving a potential wider range. If it is well understood, and the attributes are well-known and well-characterized, it might be possible to leverage RP information for justification of a wider range.

Question: What Are the Current Practices Regarding Using Pre-Change Lots with Differences for Justifying Attributes for Similarity Assessment?
If process changes are made to bring a biosimilar into the RP ranges, the sponsor should assess all other CQAs.

Question: What If a Change in the Biosimilar Process Results in the BP No Longer Being Comparable to the Pre-Change BP but Now Being Closer to the RP?
A case-by-case risk-based approach should be used with considerations of the patient population and indication, and so forth.

Question: Is There Guidance for Post-Approval Changes?
Some companies used a hybrid approach with a limited similarity data package. However, in those cases it was due to bringing in an additional product presentation not included in the earlier data package. Other companies consider a post-approval product as a standalone product comparability with no further similarity requirements. The FDA remarked that they cannot comment in the absence of the not-yet published FDA guidance. The FDA will provide guidance soon. The advice for the sponsors is, at this point, to talk to agency for guidance.
Post-approval changes for small-molecule products are managed using pharmacopeia monographs for molecular entities; however, this paradigm is not applicable to biologics due to the high level of complexity. One can make a case that there is a set of linked comparability exercises. The historical range should be assessed to ensure that there is no impact on critical function(s) when there are multiple sequential changes over time. This assessment should be incorporated into the control strategy.

Question: In Some Examples, Methionine Oxidation in Highly Stressed Samples Was Not Impacting Potency. Was This due to the Method Not Being Sensitive or to Other Reasons?
Participants agreed that the impact depends on where the oxidation occurs. Method optimization or use of orthogonal methods is recommended in order to achieve the desired sensitivity needed to see any differences if they exist. Some of the earlier publications on methionine oxidation should be used with caution as in some cases the studies were not done on well-characterized material. Many academic laboratories publishing this type of data do not always hold appropriate standards for data integrity, instrument maintenance, and so forth. The recommendation is to be cautious and to not rely too much on published data from academic laboratories as there may be issues with the quality of the characterization data.

Question: Do sponsors have experience with running process performance qualification on the edges of operating ranges instead of targeting center-points?
The idea of running validation study conditions at the operating range edges is not very meaningful from the EU agency perspective. This information is better gained from process characterization studies.


P3: Demonstrating Analytical Similarity: The Role of Statistical Tools
Bev Ingram, PhD, Senior Director, Portfolio Lead Biosimilars Regulatory Affairs, Pfizer Inc.
This third session, moderated by Dr. Bev Ingram explored the use of statistical tools to provide meaningful contributions to the demonstration of analytical similarity. The presentations highlighted common issues and practical challenges that arise during the application of statistical tools. Solutions and options that could be used to address the known challenges were discussed, including practical alternative solutions to current approaches. Experiences and opinions from regulatory agencies outside the U.S. were shared to complement the details presented in the U.S. FDA draft guidance “Statistical Approaches to Evaluate Analytical Similarity.”

Reflections on Comparability (Similarity) and Methodology
R. Martijn van der Plas, PhD, Senior Assessor Biologicals, Medicines Evaluation Board (MEB), The Netherlands
Dr. van der Plas summarized briefly the outcome of the recent EMA Workshop (May 3–4, 2018) for pre- and post-manufacturing changes, biosimilar development, and generic development. The workshop focused on establishing a common language and improving understanding among experts from various disciplines with the intent of triggering discussion versus imposing rules. The intent was to discuss case studies and likely limitations hampering statistical inference and to point out meaningful alternatives.
Dr. van der Plas noted the importance of understanding the impact of sources of variability and shifts/drifts in the RP and to consider new strategies to improve experimental design and statistical analysis. He went on to point out the need for clarification of terminology and language (e.g., descriptive vs inferential, consistent manufacturing, etc.). It is understood that the operating characteristics (OCs) of the methods used for comparisons and the well understood frameworks used to visualize the OCs will be important in identifying suitable similarity criteria.
Dr. van der Plas stated that there is no unique optimal similarity criterion. The OCs used for evaluating and controlling the method's routine performance are a critical consideration. Further, describing OCs requires a specific definition of how to decide on true/false similarity and several proposals for defining true similarity in quantitative terms were discussed (e.g., population overlap).
Dr. van der Plas continued and mentioned the anticipated publication of the EMA workshop report. Further, a revision/finalization of a draft reflection paper is planned with the intent to strengthen the newly emerging multidisciplinary interaction. A multidisciplinary task force from BWP/BMWP/BSWP/QWP will be formed to address the comments received. Further, implications for other guidelines in the areas of interest will be discussed and collaborative efforts with other regions will be made to strive for harmonization.

Statistical Tools for Demonstrating Analytical Similarity: Range Test, Equivalence Test of Means, and Distribution Comparisons
Richard K. Burdick, PhD, Chief Statistician, Burdick Statistical Consulting, LLC, Colorado
Dr. Richard K. Burdick presented three major types of statistical approaches for analytical similarity testing. The approaches were conceptually reviewed and examples were provided. The three approaches are essentially:

	Previous FDA guidance for AS “Tier 1”-equivalent approach.

	Noninferiority model for data metrics.

	Previous FDA guidance for AS “Tier 2”-equivalent approach.


Dr. Burdick explained that the noninferiority approach is a capability-based approach with AS limits set as the out-of-specification (OOS) limits for the BP.

Performance Characteristics of Commonly Used Statistical Approaches in the Evaluation of Analytical Similarity
Thomas Stangler, Regulatory CMC Team Leader, Novartis
Mr. Stangler discussed conceptually what could be defined as acceptable quality and provided detailed examples.

P3: Summary of Panel Question and Answer Session
(The answers provided here may not necessarily reflect a consensus among the panel members and/or workshop participants.)
In the brief panel discussion following the presentations, the three speakers agreed that the recent tier system in the withdrawn FDA draft guidance for analytical similarity was conceptually and practically a suitable risk-based approach for demonstrating analytical similarity. However, the actual statistical methodologies to be used for each tier approach should be more appropriate for the intended use and outcome(s).
Dr. Krause commented that Dr. Burdick's proposed noninferiority approach may pass analytical similarity but may potentially “lock” the sponsor into commercial specifications that are relatively tight (with a predicted OOS probability of approximately 5%–10% for future lots given the data set of the example presented).
Audience: Can the noninferiority statistical assessment model be used for specification setting?
Panel: It produces a heuristic pseudo-specification due to a very limited sample set, and it is best for just assessing a capability. It might be used for an assessment if the proposed specification ranges are realistic.
Audience: There are similarities in “population-in-population” and risk-based approaches. They are both based on hypothesis testing and the prediction of the probability that future biosimilar data will still be in the range. What would be reasonable criteria for degree of certainty, for example, is 98% good enough?
Panel: Giving guidance on the goal posts is challenging. It is best not to set criteria in stone, but instead to provide multiple suitable options and offer a choice for picking suitable criteria for the specific product.
Audience: Was there an experience with the application of different statistical assessments in one submission?
Panel: Until recently, guidance on the tiering approach drove the submissions. There were some misconceptions around different methods. For example, quality interval testing is not necessarily less rigorous compared to the equivalence acceptance criteria test.


P3: Summary of Concurrent Breakout Roundtable Discussions
Question: Do We Have a Common Vision for the Role of Statistical Tools in the Demonstration of Similarity?
The consensus was that statistics alone should not be used in making an assessment for analytical similarity. Statistics are supportive but not necessarily decisive. They are very useful to set consistent targets, conditions, and expectations among sponsors and agency reviewers. No consensus was reached on the details of how to define similarity. The participants agreed that practical significance for analytical similarity is the key element.
The signal-to-noise ratio (“sensitivity”) is critical for deciding whether an attribute is equal or different and a CI for a specific signal/difference should describe the level of certainty/uncertainty. An appropriate sample size/replicates should be used to obtain the desired confidence level in the results being compared. Plotting the data and evaluating the data by using common and suitable statistics to tease out the differences and/or similarities was suggested. The selection of statistical tools is to be done to support a decision and for data generated prospectively. Participants agreed that the statistical tool(s) and conditions should ideally be set prospectively before any formal data will be generated. The rationale for why particular statistical tools and conditions were selected should be justified upfront.

Question: Does Statistical Analysis with Prespecified Criteria Provide an Independent Assessment of Data?
Statistical analysis should not be an independent assessment, but rather a tool for providing a more objective assessment. One of the benefits of statistical assessment standardization is a consistent presentation of data to the regulators. Pre-specified criteria are important and useful but may not necessarily be the decider here.

Question: How Can the Statistical Tools Account for All the Variables That Are Inherent in Development?
The sources of variability should be evaluated, understood, and used in the similarity assessment. The data should be modeled to evaluate and quantitate variability factors whenever possible. Statistical tools should not be used for the sole purpose of making questionable data sets look more convincing.

Question: How Can Statistical Tools Help Account for the Limited Number of Lots That Will Be Used to Generate the Data?
Regarding the potential limited number of lots available and a smaller sample size, tolerance interval calculations depend on the sample size. They can give an indication of confidence for a CI for data assessment and can inform the sponsors on the feasibility of producing future batches within the expected range(s). Regarding data to be considered acceptable for inclusion in the similarity assessment (e.g., small-scale data), the working group agreed that this is not a statistical question and that this is a decision that should be made based on how representative the material is for this purpose. It was understood that a normal data distribution does not always exist, and often, a selection of nonparametric versus parametric tests should be properly done to provide a fitting tool. Regarding a common standard for demonstrating statistical significance, the statistical tool should be selected for each CQA based on the overall risk assessment.

Question: How Do We Assess Statistical Significance against Practical Significance?
For the criteria for equivalence tests, the workgroup agreed that the acceptance criteria should ideally reflect a practical significance. It was noted that so far in many submissions, equivalence test criteria were not scientifically based on meaningful differences. A better understanding of the relevance of any statistical difference(s) observed in equivalence testing, within the context of the totality of the evidence, is strongly advised. The sponsor should always evaluate and understand what any differences practically mean within the overall similarity assessment. See also above for considerations regarding practical and/or statistical differences.


P3: Panel Discussion
Moderator: Bev Ingram, PhD, Senior Director, Portfolio Lead Biosimilars Regulatory Affairs, Pfizer Inc.
Richard K. Burdick, PhD, Chief Statistician, Burdick Statistical Consulting, LLC
Emanuela Lacana, PhD, Associate Director for Biosimilars and Biologics Policy, CDER, FDA
R. Martijn van der Plas, PhD, Senior Assessor Biologicals, Medicines Evaluation Board (MEB), The Netherlands
Stephan O. Krause, PhD, QA Director, AstraZeneca Biologics
Emily Shacter, PhD, Independent Consultant, ThinkFDA, LLC
Thomas Stangler, Regulatory CMC Team Leader, Novartis
Panel: Mr. Stangler explained that a “Tier 2”-equivalent quality range approach when used with three standard deviations may be suitable for this risk/quality attribute class. Dr. Burdick suggested evaluating the recent 12 FDA 351(k) approvals for how analytical similarity was assessed and accepted by the agency. This information could then be used to build a portfolio of accepted approaches.
Panel: Dr. van der Plas again suggested separating criticality and some of the physiochemical testing. The audience suggested that criticality should dictate the rigor and expectations for analytical similarity. The context of data should be considered when setting analytical similarity acceptance criteria statistically. Dr. Shacter pointed out that unexpected events can quickly change the landscape for the demonstration of analytical similarity. Dr. van der Plas remarked that there recently has been a deeper review into glycosylation and other potential critical product variants that are now known to be important. Dr. Srebalus-Barnes stated that a relatively high degree of uncertainty exists regarding U.S. submissions for analytical similarity for sponsors planning to submit BLAs. Dr. Lacana commented that in the absence of current FDA guidance, the FDA cannot comment on an approach at this point in time. She suggested that sponsors should consult with the FDA for major changes on a product-specific basis, until FDA guidance becomes available.
Audience: What is the timing on the new FDA guidance on similarity?
FDA: The agency will work on this guidance. In the interim, sponsors are encouraged to consult with the agency.
Audience: What is the current thinking about approaches using Min–Max range versus Mean ± X × SD range? Is the Min–Max range a more conservative approach?
Panel: Expectations need to be adjusted appropriately. Min–Max is in fact also a CI incorporating approximately 65% of prospective lots. Statistical tools should not be driving CQA determination. Tolerance intervals are not favored by the agency because they widen ranges to unreasonable level.
Audience: Does this mean that the underlying factors should determine the statistical tools?
Panel: Similarity tiering was not intended to be directly tied into the criticality assessment. The CQA assessment should be done independently. The “tier” is the statistical method chosen for analysis of a particular analytical test. It is important to note the rigor of the assessment is not necessarily defined by the standard deviation, and so forth.
Audience: Is it acceptable for sponsors with BPs to use the same statistical tools as other sponsors have used for already-approved RP biosimilars?
Panel/Audience: Concern was raised by the industry that there is a perceived degree of freedom in choosing approaches; however, when specific recommendations are made to sponsors by the agency as part of the license application review, it can be very disruptive and can delay approvals.
Audience: What will be the direction for the EU? Will there be a formal guidance outlining these challenges?
Dr. van der Plas (EMA): Currently, the EU is not ready for prescriptive guidance, but this approach can change if, for example, pharmacovigilance data show new signal(s).
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