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[bookmark: _bookmark1]Abstract
Guidelines for the approval or licensing of biosimilars have evolved over the past 18 years since the first introduction of biosimilars. Amendments to these guidelines are constrained in the US by legislation and in the EU and WHO due to collaborative consent requirements. The MHRA has recently joined ICH and brought its guideline that is most rational and scientific; it removes animal and clinical efficacy testing, as evidenced by hundreds of studies, billions of doses administered, and a better understanding of recombinant therapeutic proteins. However, there remains a need to bring a neutral jurisdiction guideline that all countries can adopt; while the EU, FDA, Japan, and now the UK are the deciding countries, they all realize the shortcomings and will be willing to support an ICH guideline, as proposed here. Compliance with a unified ICH guideline will promote the entry of safer biosimilars and cross-country registrations. This review is based on identifying the shortcomings of the current regulatory guidelines and scientific data to support the amendments proposed. These recommendations have been submitted to the ICH and are under consideration in the pre-Stage 1 consensus building evaluation that will require comments of scientists and regulatory authorities. A new ICH guideline for the approval of biosimilars will bring global harmony and enhanced accessibility of safer biosimilars.
[bookmark: _Toc108960189]Background
Therapeutic proteins are produced by recombinant-engineered biological agents, bacteria, mammalian cells, and like; thus, they are called biologic drugs. A new biologic drug is approved based on its characterization, extensive safety, and efficacy testing. In addition, a biosimilar candidate is approved based on its similarity with the reference product to enable the declaration that it has "no clinically meaningful difference."
The EMA introduced the first biosimilar guideline and approved the first product in 2006.[endnoteRef:1] The FDA brought its guidelines in 2009.[endnoteRef:2] However, the WHO guides 194 countries[endnoteRef:3] , and many other countries like India[endnoteRef:4] have adopted guidelines based on the WHO guidance that is questionable for its scope.[endnoteRef:5],[endnoteRef:6]  Last year, as the Brexit transition period came to a close, the MHRA published its first comprehensive guideline on 14 May 2022[endnoteRef:7] that breaks from all other guidelines by providing clear judgment for not requiring animal and clinical efficacy studies. In addition, many other countries have drafted guidelines representing a wide gap in the scientific understanding about biosimilars that benefit significantly from a harmonized ICH guideline.[endnoteRef:8]  [1:  EMA Centrally Ap[proved Biosimilars. https://www.ema.europa.eu/en/medicines/field_ema_web_categories%253Aname_field/Human/ema_group_types/ema_medicine/field_ema_med_status/authorised-36/ema_medicine_types/field_ema_med_biosimilar/search_api_aggregation_ema_medicine_types/field_ema_med_biosimilar; (Accessed on 8 June 2022).]  [2:  US Congress. Title VII—Improving Access to Innovative Medical Therapies Subtitle A—Biologics Price Competition and Innovation. US Congress. Available online: https://www.fda.gov/media/78946/download (accessed on 23 March 2022) ]  [3:  WHO Guidelines on Evaluation of Biosimilars. Replacement of Annex 2 of WHO Technical Report Series, No. 977 https://www.who.int/publications/m/item/guidelines-on-evaluation-of-biosimilars WHO. https://www.who.int/publications/i/item/9789240021853; (Accessed on 8 June 2022)]  [4:  CDSCO, India. https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2018/UploadAlertsFiles/BiosimilarGuideline2016.pdf; (Accessed on 8 June 2022)]  [5:  Niazi, S. The WHO Biosimilar guidance is based on weak science. https://www.centerforbiosimilars.com/view/who-biosimilar-guidance-is-based-on-weak-science]  [6:  Niazi, S. Opinion: One step forward, half step back. https://www.centerforbiosimilars.com/view/opiniononestepforwardhalfastepbackforwhobiosimilarguidance; (Accessed on 8 June 2022).]  [7:  MHRA. Biosimilar Guidance. https://www.gov.uk/government/publications/guidance-on-the-licensing-of-biosimilar-products/guidance-on-the-licensing-of-biosimilar-products; (Accessed on 8 June 2022).]  [8:  Global Biosimilar Guidelines. https://www.gabionline.net/reports/Guidelines-for-biosimilars-around-the-world] 

Now that we have 18 years of experience in using biosimilars, hundreds of published reports on their safety and efficacy, a strong opinion has emerged[endnoteRef:9] [endnoteRef:10] that significant amendments to the approval guidelines for biosimilars must change, not only to reduce the current cost of USD 100-300 Million[endnoteRef:11] but also to enhance the safety of these products. Furthermore, lowering the development cost is essential to broaden access to biosimilars that are currently only nine out of more than 150 possible biosimilar molecule candidates in the US and 14 in the EU. [9:  Niazi, S.K. The Coming of Age of Biosimilars: A Personal Perspective. Biologics 2022, 2, 107–127. https://www.mdpi.com/2673-8449/2/2/9. [Accessed 8 June 2022]]  [10:  Niazi, SK. (2022) Biosimilars: A futuristic fast-to-market advice to developers, Expert Opinion on Biological Therapy, 22:2, 149-155, DOI: 10.1080/14712598.2022.2020241]  [11:  Chen Y, Monnard A, Jorge Santos Da S, An inflection point for biosimilars, McKinsey & Co. [cited 2021 Oct 12]. Available from: https://www.mckinsey.com/industries/life-sciences/our-insights/an- inflection-point-for-biosimilars; (Accessed on 8 June 2022).] 

The guideline presented here is based strictly on assuring the safety and efficacy of biosimilars and avoiding studies that have proven redundant and misleading. The ICH member states will review the proposed guideline, and the guideline will be labeled as quadripartite instead of tripartite, as the UK membership was approved post-Brexit on 16 June 2022.[endnoteRef:12] [12:  UK Government. UK joins ICH. https://www.gov.uk/government/news/mhra-joins-international-partnerships-to-set-global-standards-for-medicines-and-medical-devices-regulation--2] 

A determination of biosimilarity is based on a combination of analytical testing, biological assays, and clinical pharmacology comparisons but not based on animal pharmacology or toxicology, or efficacy testing in patients, both of which should be disallowed[endnoteRef:13] to reduce the risk of approving unsafe biosimilars if the animal studies and efficacy studies are used to justify analytical and pharmacology differences between the reference product and the biosimilar candidate. [13:  Niazi, S. End animal testing for biosimilar approvals. SCIENCE VOL. 377, NO. 66020 7 JUL 2022: 162-163. https://www.science.org/doi/10.1126/science.add4664. (Accessed on 8 June 2022).] 

Animal Testing
Testing in animals is an old routine for new drugs to avoid human toxicity. It works well for chemical drugs because the reactive chemical groups can interact with multiple tissues to produce a toxic response. However, biological drugs may not always show a pharmacologic response in animal species; thus, the toxicity is an extension of the pharmacological response for biological drugs. The primary mechanism of action of biological drugs involves receptor binding. Therefore, a pharmacological or toxicological response is not expected if an animal species does not carry these receptors.[endnoteRef:14] [14:  G Van Norman, Limitations of Animal Studies for Predicting Toxicity in Clinical Trials: Is it Time to Rethink Our Current Approach?, JACC: Basic to Translational Science, Volume 4, Issue 7, 2019, Pages 845-854,ISSN 2452-302X, https://doi.org/10.1016/j.jacbts.2019.10.008.] 

Another reason animal toxicology data are less relevant is how the testing is conducted. Generally, animal testing protocols require administering a higher dose to induce a toxic response; however, within this dose range, the responses are not expected to be linear, making it impossible to differentiate between compared products that are supposed to be the same. Nevertheless, despite this knowledge and expertise, animal testing is extensively conducted for biosimilars, evidenced by the recent FDA and EMA filings. 
Human and animal cells, organoids, organs-on-chips, and in silico modeling are alternatives to animal testing models, enabling us to create better and more predictive scientific methods. In addition, to reflect changes in animal protection legislation, non-clinical in vivo testing has been substituted by in vitro assays in the previous ten years. These measures can help reduce animal use. They also align with the EMA’s Regulatory Science Strategy for 2025, aiming to create a more adaptive regulatory framework that promotes human and veterinary health.[endnoteRef:15] [15:  EMA Regulatory Science to 2025 https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/ema-regulatory-science-2025-strategic-reflection_en.pdf(Accessed on 8 June 2022)] 

Animal toxicological studies can be misleading if they rationalize discrepancies in impurities, post-translational modifications, or antibody responses since an animal model can justify these differences. For example, animal data were submitted in biosimilar applications[endnoteRef:16]  to substantiate such variability, but the FDA refused to accept the animal data.[endnoteRef:17] [16:  Moore T.J., Mouslim M.C., Blunt J.L., Alexander G.C., Shermock K.M. Assessment of availability, clinical testing, and US Food and Drug Administration review of biosimilar biologic products. JAMA Intern. Med. 2020 doi: 10.1001/jamainternmed.2020.3997. (Accessed on 8 June 2022)]  [17:  Niazi, S. End animal testing for biosimilar approvals. SCIENCE VOL. 377, NO. 66020 7 JUL 2022: 162-163. https://www.science.org/doi/10.1126/science.add4664. (Accessed on 8 June 2022).] 

The EMA and FDA have approved more than 130 products. None of them have failed animal toxicological testing because they cannot, being least sensitive in detecting any difference between a biosimilar candidate and its reference product. These observations and conclusions are widely accepted as scientifically sound arguments, but among sponsors, there is always fear that study results will be rejected eventually. This would cause a delay in market access at a high cost, and therefore sponsors like to stay on the safe side by overpowering their studies. 
There is great awareness of the futility of the animal testing of biosimilars, but this will soon become a moot point, as the US Senate is considering a bill to remove the animal testing of biosimilars. In the BPCIA, the section (bb) is amended from "(bb) animal studies (including the assessment of toxicity" to "an assessment of toxicity (which may rely on, or consist of, a study or studies described in item (aa) or (cc)); (aa) is analytical assessment and (cc) is clinical testing. This bill sponsored by Senator Lujan of New Mexico is now on the table in Senate and expected to be signed soon.[endnoteRef:18]  [18:  Niazi, S. K., Contributor No Animal Testing of Biosimilars—US Congress Begins Amendment to BPCIA https://www.centerforbiosimilars.com/view/contributor-no-animal-testing-of-biosimilars-us-congress-begins-amendment-to-bpcia. 
] 

Clinical Efficacy
[bookmark: EXISTREF99]Clinical efficacy testing of new drugs against a placebo is a gold standard that has come under criticism recently. Dr. Janet Woodcock, a past acting commissioner of the FDA, has stated: ‘Why should we put patients through all these different trials just to check a box.’ This concept of real-time testing is now also questioned by the FDA, which stated that clinical efficacy testing is “broken”[endnoteRef:19] (6) and that new digital technologies and real-world evidence (RWE) are required, as outlined in the 21st Century Cure Act.[endnoteRef:20]  [19:  Woodcock. https://www.biopharmadive.com/news/fdas-woodcock-the-clinical-trial-system-is-broken/542698/]  [20:  US Congress. https://www.govinfo.gov/content/pkg/STATUTE-98/pdf/STATUTE-98-Pg1585.pdf
] 

When it comes to testing two products that have already been proven highly similar in analytical and clinical pharmacology profiles, we can identify why this is the least sensitive to identifying any clinically meaningful difference. The reasons include low study power, requiring a larger number of subjects than used to approve the reference product, arbitrarily accepting a clinical difference, and inability to judge the clinical response that is not always linearly dose-dependent. Additionally, the logic of subjecting biosimilar candidates to only one efficacy study while there may be multiple indications given to the biosimilar product makes such testing no more than "checking a box," paraphrasing Dr. Woodcock. 
Analysis of reported literature shows that the clinical efficacy studies have failed to find any clinically meaningful difference between a biosimilar and its reference product or resulted in any withdrawal or recall from the market. These data are available in the 96 EPAR files from EMA[endnoteRef:21] and 37 approval documents from the FDA.[endnoteRef:22] None of these regulatory filings failed in clinical efficacy testing. The studies reported on the clinicaltrials.gov portal[endnoteRef:23] show that all 141 studies for which the results are reported met the acceptance criteria. In addition, the PubMed database lists 435 randomized control clinical trials from 2002 to 2022 that showed no clinically meaningful difference.[endnoteRef:24] [21:  EMA Biosimilar EPAR Program. https://www.ema.europa.eu/en/search/search/field_ema_web_categories%253Aname_field/Human/search_api_aggregation_ema_medicine_types/field_ema_med_biosimilar?search_api_views_fulltext=epar%20biosimilar]  [22:  FDA. Biosimilars Approval Documents. https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm]  [23:  Clinical Trial Database. https://clinicaltrials.gov/ct2/results?term=biosimilar&age_v=&gndr=&type=&rslt=With&Search=Apply]  [24:  Biosimilar Clinical Trials @PubMed. https://pubmed.ncbi.nlm.nih.gov/?term=biosimilar+clinical+trial).] 

The main reason to remove clinical efficacy testing is not cost-avoidance but ethical and hazardous concerns. The ethical concerns arise from the universal belief that no unnecessary exposure to healthy subjects should be made as codified in the US 21 CFR 320.25(a)(13), the universal belief that “No unnecessary human testing should be performed.”[endnoteRef:25] The hazardous concerns arise from the possibility of justifying critical analytical and pharmacology profiles based on efficacy studies. [25:  US Congress. BPCIA. https://www.congress.gov/bill/111th-congress/house-bill/3590] 

Proposed Guideline Concept Summaries
· Scope. This guideline is expected to serve as an advisory to all jurisdictions in any country to create approval guideline documents to comply with local legislative requirements. 
· Definition. A biosimilar product has the same safety and efficacy, mode of action, dose, frequency, route, and concentration (strength) as the reference product. This guideline applies to the following products:
· Proteins, polypeptides, and the products and derivatives that contain them, e.g., conjugates. These proteins and polypeptides are produced from recombinant or non-recombinant cell-culture expression systems and can be highly purified and characterized using an appropriate set of analytical procedures; an example of non-recombinant cell-culture expression systems may include the production of botox.
· Alpha-amino acid polymers composed of 40 or fewer amino acids are considered peptides, not proteins. Glucagon, liraglutide, nesiritide, teriparatide, and teduglutide are peptides. A peptide is regulated as a chemical drug and copied as a generic drug.
· Does not apply to other product types such as proteins and polypeptides isolated from tissues and body fluids. 
· Reference Product. It is a biological product first approved in one of the four ICH member countries with a complete regulatory dossier and sourced from the same country (US, EU, UK, and Japan). If the reference product has been registered in multiple member countries using the same dossier, then either product can be chosen without needing any bridging study. Only one source of reference can be used. The lowest strength product should be selected when several strengths or presentations are available for the reference product. Multiple batches of reference products should be sourced directly from the appropriate market over a period (months to years) to reflect the manufacturing variability of the reference product. The reference product batches should be stored under the recommended (label) conditions and tested within their approved shelf life. Testing batches that have been held for a long time (for example, frozen at -80°C) or beyond their designated shelf life may occasionally be possible if reliable data show that the storage conditions do not affect the relevant quality attributes. The age of the reference product batches (relative to expiry dates) at the testing time should be documented during the analysis. 
· Characterization. The reference product is characterized by appropriate techniques, as described in ICH Q6B. These characterizations include determining physicochemical properties, biological activity, immunochemical properties (if any), purity, impurities, contaminants, and quantity. Developers are encouraged to adopt newer technologies as available. Since the quality attributes of the reference product vary from batch to batch, it is essential to establish the ranges of these variations, to allow similar variability in the biosimilar candidate. The variabilities are either product-related (the expression system) or process-related (the manufacturing system). Generally, a variation in the product-related attributes cannot be resolved, requiring the developer to create a different expression system; the same can be the case for process-related attributes, but these are readily fixed. Both cases cannot submit safety studies to justify a significant difference.
· Impurity profiling is a prerequisite during biosimilar development, and specifications are set vis-à-vis the innovator for product-related variants. For example, a biosimilar may have fewer impurities in type and amount, but there shall be no unmatched impurity; this cannot be justified through any safety study unless this is already reported to be safe in the reference product.
· Expression System. The expression system determines the product-related critical quality attributes (CQAs), which include primary structure, higher-order structures (HOS), glycosylation (only in eukaryotic hosts), product-related variations, and process-related variants. The primary structure is further broken down into the secondary structure, tertiary structure, and conformational stability; HOS into the oligosaccharide pattern, glycopeptide mapping, and monosaccharide/sialic acid content; size variants, charge variants, and related proteins resulting from the post-translational modification, as well as product-associated variants (HCD). The expression system should be the same class as the one used to express the reference product. The developers are also advised to select more steady expression systems; generally, high-yielding cell lines often produce more variants. The cell lines should be qualified according to the ICH Q5D. 
· Post-translation Modifications. Since the primary sequence of a protein is fixed, it is expected to be precisely the same, except for justified post-translational modifications, such as terminal amino acids that are truncated in the body. 
· Size-based heterogeneities (aggregates, fragments, and sub-visible/visible particles), charge-based heterogeneities (acidic and basic variants), and other product alterations are examples of heterogeneities created during the manufacture, handling, and storage of biological products (reduced, oxidized, glycated, misfolded proteins, etc. ). 
· Aggregation or fragmentation occurs due to protein unfolding of hydrophobic patches with environmental changes during various stages of the manufacturing process. It might cause immunogenic reactions. Depending on the exposure to different stresses (such as shear, thermal, chemical, freeze-thaw, etc. ) and the duration of the exposure, the range of aggregate size spans from soluble aggregates to visible precipitates. During SEC analysis, protein loss brought on by stationary phase interactions and salt-induced aggregation or dissociation is a frequent problem. Hence, sedimentation velocity-analytical ultracentrifugation (SV-AUC), a matrix-free alternative to SEC, is used to measure the size distribution quantitatively. 
· Charge variations are proteo-forms with varying charges that form in different colloidal matrices (such as culture medium, in-process buffers, or formulation) at different stages of the manufacturing process. Therefore, cation exchange (CEX) chromatography of several types are preferred method. 
· Non-enzymatic PTMs include oxidation, phosphorylation, sulfation, acetylation, methylation, and hydroxylation, which are formed during multiple stages of the manufacturing process. Therefore, liquid chromatography is preferred for characterizing PTMs and quantifying related molecular variants and impurities. 
· Process-related variants or residuals include cell substrates, e. g., HCPs, HCD, cell culture, and downstream processing residuals. Enzyme-linked immunosorbent assay (ELISA) and real-time or quantitative PCR are the method of choice for HCP and HCD detection and quantitation. These variants are not tested in the drug substance qualification stage, as they are part of the release specification. 
· Release Specification. Reference product characterization allows for establishing release specifications that are set before the analytical assessment. Characterization of the reference product will include determining its physicochemical properties, biological activity, immunochemical properties, purity, and impurities using suitable testing methods. The test lots can come from the lots used throughout the development process. However, at least one lot tested must be the one used for the first clinical trial, the PK/PD study. In addition, all test methods must be validated or verified if drawn from a pharmacopeia. Injectable products are allowed certain variations based on inevitable variabilities, such as 3% for protein content, not more than 3% impurity, no single impurity of more than 1%, or 15% for potency testing. Pharmacopeial specifications for the qualification of the dosage form, such as sterility, fill volume, delivered volume, and physical properties, are also not tested for comparison purposes. Other legacy attributes are independently established, like sterility, invisible particles (a controversial issue with biosimilars to consider as aggregates), protein content, potency, and physical properties specific to the biosimilar candidate. These standards can be used in defining the release specification of the biosimilar candidate.  
· Formulation. Biosimilars are allowed to have a formulation different from the reference product formulation.  However, unless prevented by intellectual property, a formulation with the same or fewer inactive ingredients is preferred, notwithstanding any minor differences in the composition of ingredients. If a different formulation contains excipients used in the formulation of biological products, these should be disallowed. The suitability of the formulation with regards to stability, compatibility (i. e., interaction with excipients, diluents, and packaging materials), integrity, activity, and strength of the active substance should be demonstrated. If the primary packaging in contact with the product is different, additional safety studies are required to assure no unexpected leaching of packaging components into the product. Generally, these studies will be difficult to justify; developers are encouraged to use a similar primary packaging material instead.  All excipients should be free of animal products, and no novel excipients should be present in the formulation that does not have a history of use in a similar product. 
· Comparative Analytics.  
· Test Methods. Critical product and process-related variants are compared side-by-side with the reference product to enable the use of suitable, not necessary validated methods since some of the test methods used cannot be fully validated. Analytical methods must be sensitive, qualified, and sufficiently discriminatory to detect possible differences. The methods used to assess quality attributes for the batch release can also be used for analytical assessment, as detailed in the ICH guidelines (ICH Q2A, Q2B, Q5C, Q6B), where appropriate. In addition, robust data require the application of suitable orthogonal methods. 
· The number of batches. The number of reference product batches required varies with the expected variability, such as three batches would be sufficient to confirm a higher order structure. Analytical assessment can use development lots, but it must include at least one at-scale cGMP lot used for clinical testing; additionally, the regulatory filing will require a bridging study with at least three PPQ lots. For others, where statistical analysis is conducted, more batches are required. 
· Data Evaluation. A visual comparison is sufficient for test results presented in printed output, such as spectra. The application of quantitative statistics requires data from about ten batches each, and the most effective inference is obtained from the 3Sigma range that is calculated for the reference sample as (μref-3σref, μref + 3σref). The 3Sigma test is accepted if the MinMax range of the test sample is within the 3Sigma range. The 3Sigma approach provides a more practical compromise of error rates, further improving with a larger sample size. 
· Reference Standards. In-house primary reference material is an appropriately characterized material prepared by the manufacturer from a representative lot(s) for biological assay and physicochemical testing of subsequent lots, and against which in-house working reference material is calibrated. It is the only reference material allowed for reference purposes and its working reference materials. Publicly available reference standards (e. g., Ph. Eur. ) cannot be used as the reference product for demonstration of biosimilarity. However, using these standards can be used for method qualification and standardization. No specification in any monograph for drug substance or drug product can be used to establish a specification of reference product or biosimilar candidate. Test methods can be used after verification. 
· Functional Assays. Analytical and in vitro functional levels should be used to identify critical quality characteristics (CQA). Functional tests that are investigated should be those that are pertinent to the possible MOA in all therapeutic indications, such as apoptosis, complement-dependent cytotoxicity, antibody-dependent cellular phagocytosis, and antibody-dependent cellular cytotoxicity, among others. Until there is adequate proof to the contrary, a biological event should be regarded as possibly relevant to the MOA. For instance, functional tests (ADCC, ADCP, and CDC) are unnecessary for a reference product that predominantly targets a soluble antigen. 
· Stability. The stability of the biosimilar candidate should be determined according to ICH Q5C. Stress stability testing is an extension of analytical assessment to demonstrate that the degradation products are similar to the reference product. The pharmacopeias general monographs include tests for sterility, endotoxins, microbial limits, volume in the container, uniformity of dosage units, and acceptable particulate matter, these are release specification tests, and the pharmacopeial specifications can be used. Accelerated and stress stability studies are required to establish degradation profiles and provide a further direct comparison of structural similarity. ICH Q5C and Q1A(R) should be consulted to determine the conditions for stability studies that provide relevant data to be compared. 
· Process Qualification. Upstream and downstream processes must be validated before conducting any analytical assessment for similarity. Bridging studies are required to validate if the production size changes; however, once the clinical pharmacology studies are completed, no batch size change is allowed; the developer may do this under ICHQ5E, which applies only post-approval.
· Pharmacokinetic and Pharmacodynamic studies are an extension of analytical assessment reflecting how the body sees the molecule and vice versa. Even though a product is administered intravenously, PK studies are required to assess the extent and strength of receptor binding that might change pharmacokinetic parameters like the distribution volume and clearance. This applies to all biosimilars even if they are not administered by the parenteral route, like the biological drugs injected into the eye. It is noteworthy that the purpose of PK/PD studies is to compare the profile, not characterize the profile of the reference product and the biosimilar candidate; the testing can be conducted in a restricted population to reduce the inter- and intra-subject variability, thus reducing the study size. All studies must conform to the standards associated with bioequivalence testing. The PK experiment should be planned and powered to demonstrate equivalence to the reference product, ideally in healthy volunteers. Crossover or parallel designs should be supported by a strong design. Although a crossover strategy is superior at identifying changes, it may not be suitable for reference products with strong immune responses or lengthy half-lives. If suitable population PK or PK-PD models for the reference product are available in the literature, modeling and simulation should be considered for optimizing the study design, such as choosing the most sensitive dose(s), study population, and sample size to discover PK differences. Consideration should be given to linear (nonspecific) clearance and nonlinear (target-mediated) clearance, for instance, through dosage selection and evaluation of partial areas under the curve (AUCs). Body weight adjustments or other factors (such as subject sex) to be employed in the statistical analysis of a parallel group experiment should be predefined in the statistical analysis strategy. The equivalence margins must be pre-specified, with an interval of 80. 00 - 125. 00% is generally acceptable. The PK trial should demonstrate equivalence of the primary PK parameters, usually AUC0-∞ and Cmax. If the extrapolated portion of AUC0-∞ makes up >20% of the total AUC0-∞ in >20% of observations, this requires discussion of the study's validity. If a PK study is unsuccessful (i. e., the 90% confidence intervals for the main PK parameters do not completely fall within the pre-specified acceptance limits), a root cause analysis should be conducted, with the results being adequately taken into account in the planning and execution of a new PK study. In most cases, the cause of failure is the subject variability that can be reduced by choosing narrow criteria for qualification in terms of gender and age. The PK trial can be used to test PD parameters, and descriptive results should be provided to support a finding of biosimilarity. 
· Immunogenicity. When B cells are activated, they produce T cells that express antibodies, giving biological products their immunogenicity. If the immunogenicity profile differs but cannot impact the disposition profile, the differences will be meaningless and not necessary to compare, as in the case of insulins. During the PK trial, data on immunogenicity and safety should be gathered. Anti-drug antibody (ADA) production rate, kinetics, and assessment of their impact on PK (and PD) using a predetermined group study of ADA-negative and ADA-positive participants are some of these options. Although they wouldn't be a replacement for the immunogenicity assessment in the PK trial, in vitro immunogenicity assays might enhance the functional, analytical assessment. Results of short-term immunogenicity analyses may not reflect real-world experience with biologics, including biosimilars. In particular, rare ADA-related adverse events may not be detected in the premarketing phase due to the limited size of the population exposed and the greater scrutiny of patient care in the clinical trial setting. Therefore, it is recommended to monitor immunogenicity in pharmacovigilance and risk management plans that also monitor other adverse drug reactions. 
· Naming. Biosimilars should have a brand name and share the same International Nonproprietary Name (INN) as the reference product and any additional designations required in the local jurisdiction. Biosimilars should also have a different brand name.
· Label. The label must state all risks associated with the reference product, have the same indications, and be formatted and detailed as described in this guidance without exception.  Once a biosimilar candidate is proven highly similar to the reference product, all indications granted to the reference product are allowed, provided they are not protected by market exclusivity or patents. The developer may not request fewer or additional indications. 
· Substitution. Biosimilars can be substituted or interchanged with the reference product or other biosimilars approved using the same reference product.
· Pediatrics. No pediatric compliance studies are required for biosimilars. 
· Human Factor Studies are required to ensure that the correct dose is administered when a patient administers a product. However, if the device used is highly similar to the device used by the reference product, these studies are waived. In addition, no such studies are required when the product is administered by a healthcare professional. 
· [bookmark: _bookmark4][bookmark: _Hlk105838891]The risk management plan (RMP) for a biosimilar product is the same as for the reference product. In addition, accurate traceability of biosimilars by brand name and batch number must be guaranteed. 
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