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1.  Introduction 39 

In the field of pharmacology, it is a well-established scientific principle that the biological activity 40 
(finally resulting in efficacy and safety) of any pharmacologically active substance, whether it is a small 41 
molecule like paracetamol or a large protein like a monoclonal antibody, stems from its interaction with 42 
its receptor(s) (including membrane receptors, ligands, substrates, and other targets). 43 

Such interactions are usually highly specific for the pharmacologically active substance in question. It 44 
is also scientifically well understood that these receptor interactions are determined by the structure of 45 
the pharmacologically active substance. In other words, structure determines function, and as an 46 
immediate corollary, the same structure results in the same biological activity. 47 

This scientific principle also extends to recombinant proteins and other biological products; the 48 
biological activity, and ultimately the therapeutic effects, are dictated by the structure. Consequently, 49 
if the structure of two proteins is the same, or at least highly similar, then these two proteins will bind 50 
to the same receptors in the same quantitative manner, and will therefore have the same 51 
pharmacological properties, and ultimately the same clinical efficacy. 52 

This scientific principle has been widely accepted and used to support changes in the manufacturing 53 
processes of biological products with well-defined structural attributes. Significant changes in the 54 
manufacturing processes of biological medicines like monoclonal antibodies have been approved by 55 
confirmation of structural and functional comparability through a comprehensive comparative analytical 56 
testing without the need for new clinical data. This experience, together with technical advances in 57 
analytical characterisation, supports the notion that under specific prerequisites, analytical 58 
comparability exercises and pharmacokinetic (PK) data could be sufficient for demonstrating 59 
biosimilarity. 60 

This reflection paper will examine settings for biosimilars where similar clinical efficacy and safety can 61 
be inferred from a conclusion of physicochemical and biological similarity and comparable 62 
pharmacokinetics. Currently, Comparative Efficacy Studies (CES) (in which safety and immunogenicity 63 
data are also routinely captured) can already be waived in case an accepted pharmacodynamic (PD) 64 
surrogate endpoint exists, but even this prerequisite might not be needed. 65 

A further driver for this Reflection paper is the regulatory experience indicating that the results from 66 
the CES in the past generally did not add relevant additional information to the biosimilarity exercise 67 
(Guillen et al., Kirsch-Stefan et al., Bielsky MC et al., IPRP workshop report 2024). 68 

In addition, trends are observed regarding the types of biological medicinal products losing market 69 
exclusivity, where feasibility of performing comparative efficacy trials appears limited. This is firstly 70 
due to originator products having narrow indications with small number of patients as well as originator 71 
products being used in increasingly complex add-on therapy settings. 72 

Taken together, a regulatory option that, under certain prerequisites, allows authorisation based on 73 
demonstrated comparability at the quality level with a limited (tailored) clinical data package (based on 74 
a comparative PK trial) would provide a viable path forward for approving biosimilars with less clinical 75 
data. 76 

Based on the points outlined above, a tailored approach for clinical development of biosimilar 77 
candidates can be envisioned. In certain cases, CES may no longer be required for approval of 78 
biosimilars that can be thoroughly characterised and have shown high similarity on an analytical and in 79 
vitro pharmacology level. Comparative clinical pharmacokinetic studies are still essential elements in 80 
biosimilar development but some adjustments to the data requirements, such as inclusion of 81 
immunogenicity parameters and/or modifying the study design (e.g., one-dose vs multiple-dose), 82 
could be considered. 83 
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2.  Scope 84 

This Reflection Paper will discuss the necessity of CES for demonstration of biosimilarity. In order to 85 
place those reflections into context, the Reflection Paper will first consider the current practice with 86 
respect to analytical comparability exercises, including in vitro pharmacology, and consider their 87 
predictive value. Subsequently, some reflections will be provided with regard to the contribution of 88 
CES, and other human in vivo studies, especially PK/PD studies, and to the assessment of 89 
immunogenicity. 90 

This Reflection Paper is not intended to replace current guidance or current practice with regard to 91 
analytical comparability exercises. 92 

3.  Discussion 93 

3.1.  Quality 94 

3.1.1.  General basis and background 95 

Assessing the similarity of biological active substances is challenging because these active substances 96 
usually comprise of complex and heterogeneous mixtures. The comparability paradigm emerged 97 
approximately 30 years ago as concept, triggered by the special challenges that biologicals posed. ICH 98 
Q5E guideline defines ‘comparable’ as ‘a conclusion that products have highly similar quality attributes 99 
before and after manufacturing process changes and that no adverse impact on the safety or efficacy, 100 
including immunogenicity, of the finished product occurred.’ The body text of the guideline further 101 
states that ‘The demonstration of comparability does not necessarily mean that the quality attributes of 102 
the pre-change and post-change product are identical, but that they are highly similar and that the 103 
existing knowledge is sufficiently predictive to ensure that any differences in quality attributes have no 104 
adverse impact upon safety or efficacy of the finished product.’ The ICH Q5E emphasises the 105 
importance of sensitive analytical technologies to determine whether physicochemical differences are 106 
present. 107 

The concept of comparability has proven to be useful and successful over many years. It recognises 108 
that biologicals are inherently variable and that minor differences in quality attributes (QAs) are often 109 
clinically irrelevant. The concept of comparability allows to take into consideration quality differences 110 
(in other words, it does not impose that products should be identical) as long as they do not translate 111 
into significant clinical differences. This concept has been used for instance to support the 112 
implementation of necessary manufacturing process changes for biological products, without imposing 113 
that products should be identical in a physicochemical sense, which may not be achievable or requiring 114 
the conduct of unnecessary comparative clinical studies. Since the 1990s, major manufacturing 115 
changes have been substantiated and implemented based on a comparability exercise, and without 116 
comparative efficacy trials. This includes situations such as replacing a product’s Master Cell Bank, a 117 
situation that is from a scientific viewpoint comparable to the development of a biosimilar product.  118 

3.1.2.  Prerequisites for similarity assessment 119 

The Guideline on Similar Biological Medicinal Products (CHMP/437/04) states that ‘The scientific 120 
principles of (..) a biosimilar comparability exercise is based on those applied for evaluation of the 121 
impact of changes in the manufacturing process of a biological medicinal product (as outlined in ICH 122 
Q5E).’ The CHMP guideline also underscores that ‘comparable safety and efficacy of a biosimilar to its 123 
reference medicinal product (RMP) has to be demonstrated or otherwise justified’. 124 
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In line with the concept of comparability, the general requirement for biosimilars is that their QAs are 125 
highly similar to those of the reference medicinal product, but that they do not need to be identical. 126 
Minor differences are allowed, provided these slight differences have no impact on clinical safety or 127 
efficacy. However, large differences in QAs are not compatible with the biosimilar approach, and such a 128 
situation cannot be remedied by clinical data. Consequently, a CES is not intended to justify the 129 
presence of large differences, but to address residual uncertainty after the evaluation of Quality and 130 
Non-clinical data, should it exist. As explicitly stated in the Guideline on Similar Biological Medicinal 131 
Products (CHMP/437/04): ‘The aim of clinical data is to address slight differences shown at previous 132 
steps and to confirm comparable clinical performance of the biosimilar and the reference medicinal 133 
product. Clinical data cannot be used to justify substantial differences in quality attributes. However, in 134 
case the mechanism of action (MoA) and structure-function relationship is not sufficiently understood, 135 
a CES might still be needed.’ 136 

A comprehensive set of relevant QAs providing detailed information regarding the structural and 137 
functional properties of the biological molecule is essential for the demonstration of similarity between 138 
a biosimilar candidate and its RMP. 139 

Following identification of the QAs, a risk assessment using prior knowledge in combination with 140 
scientifically sound justification should be performed (risk assessment is further discussed in e.g., the 141 
ICH Q9 guideline (EMA/CHMP/ICH/24235/2006)). Prior knowledge provides understanding of the 142 
critical QAs (CQAs) impacting the interaction with receptor(s) (including membrane receptors, ligands, 143 
substrates, and other targets). These interactions form the basis of subsequent biological effects, i.e., 144 
pharmacology, toxicology, PK/PD, etc. Whilst it is acknowledged that a quantitative correlation 145 
between evaluated CQAs and clinical performance may not always be feasible, available prior 146 
knowledge should be such that a robust risk assessment of QA criticality can be conducted. Selection 147 
of QAs and an initial criticality assessment and ranking should be completed prior to product 148 
development. However, as development proceeds, the knowledge accumulated from the 149 
characterisation studies provides increased insight into the QAs, which need to be properly reflected in 150 
the design of the analytical similarity exercise and data evaluation approaches to be provided in 151 
support of the Marketing Authorisation Application (MAA). Rigorous evaluation of QAs and in vitro 152 
pharmacology during risk assessment in terms of potential impact on PK/PD, efficacy and safety, 153 
including immunogenicity, becomes pivotal for tailoring of clinical data requirements and will therefore 154 
have to be thoroughly justified using an interdisciplinary approach. 155 

A commercial manufacturing process with appropriate manufacturing process controls should be 156 
developed to ensure that a biosimilar product which is highly similar to the RMP can be consistently 157 
produced. A robust manufacturing control system and demonstrated batch-to-batch consistency of the 158 
biosimilar are prerequisites for a successful similarity assessment and ensure that batches that do not 159 
fulfil pre-determined specifications are rejected and do not reach the patient. The overall 160 
manufacturing control system will therefore ensure consistency of the quality profile of commercially 161 
manufactured batches and high similarity between the QAs of the commercial biosimilar and the RMP.  162 

In summary, the following prerequisites allow for a successful comparability exercise, which is 163 
fundamental for the approach outlined in this reflection paper: 164 

• comprehensive knowledge regarding the molecule’s MoA is available; 165 

• detailed characterisation of the structure and functionally relevant QAs is possible using orthogonal 166 
and state-of-the-art analytical methods; 167 

• functional assays (in vitro pharmacology tests such as potency tests, receptor binding assays, etc.) 168 
are available, both to assess comparability of functional properties directly, and indirectly as 169 
surrogates for higher-order structure of the molecule. 170 
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• a validated manufacturing process and control strategy (including but not limited to 171 
specification/release testing) to assure future consistency of the biosimilar product. 172 

• a pre-established similarity assessment protocol (see section 3.1.3) 173 

These prerequisites will support that an analytical comparability exercise, expanded with in vitro 174 
pharmacology data, and data from human PK studies, as appropriate, is able to assure similarity of the 175 
biosimilar to its RMP. This similarity implies that there are no meaningful differences in structure and 176 
other QAs, that interactions with relevant receptors/targets are comparable, and therefore that 177 
comparable efficacy and safety can be inferred. 178 

3.1.3.  Similarity assessment protocol 179 

In general, product development is an iterative process. Development starts based on ‘prior 180 
knowledge’; information which is collected during the development process is used to amend, focus, 181 
and fine-tune that development process, and to define more precisely which specific studies are 182 
needed, and how these specific studies should be conducted. A clear plan for the development 183 
activities should be available.  184 

In order to increase the overall robustness of any biosimilar development programme, it is essential 185 
that a similarity assessment protocol is developed and documented prior to the initiation of the pivotal 186 
similarity studies (i.e., the final assessment of similarity). Adequate consideration should be given to 187 
section 6 of the Reflection Paper on statistical methodology for the comparative assessment of quality 188 
attributes in drug development (EMA/CHMP/138502/2017). The protocol should capture all critical 189 
parts of the analytical and functional similarity assessment, such as: 190 

• the number of RMP batches to be included and the sampling plan; 191 

• the number and nature of biosimilar batches (primarily batches manufactured using the 192 
commercial manufacturing process and scale); 193 

• justifications for the list of QAs, including criticality and known link to clinical parameters (PK, 194 
efficacy, safety, immunogenicity), that will be considered in the similarity assessment; 195 

• justification of the similarity condition and acceptance criteria/ranges to be applied, as well as the 196 
overall approach planned for the similarity assessment; 197 

• the analytical methods and assays that will be used and the degree of method 198 
validation/qualification required; these assays should also include a justified list of in vitro 199 
pharmacology/biological assays (e.g., receptor binding assays and cell-based potency assays); 200 

• a sufficiently detailed plan on the handling and consequences of potential differences (e.g., 201 
biosimilar batches which fail to meet the established similarity criteria); 202 

• a discussion on why a tailored clinical development approach is considered applicable for the 203 
biosimilar under development; whether it can be assumed based on scientific knowledge that 204 
similarity demonstrated for critical QAs will ensure the desired clinical performance. 205 

Applicants are strongly recommended to make use of the EMA scientific advice procedure to present 206 
and to reach agreement on their similarity assessment protocol before starting the pivotal similarity 207 
assessment. 208 

3.1.4.  Batches to be included in the similarity assessment 209 

The conclusion on similarity should primarily be based on comparative characterisation studies 210 
conducted on batches manufactured using the commercial manufacturing process and scale for the 211 
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biosimilar product. In addition, development batches could be included if comparability to commercial 212 
scale batches has been unquestionably demonstrated. However, developers should take into account 213 
that the use of development batches can introduce uncertainties in the evidence for analytical and 214 
functional similarity. 215 

A sufficient number of biosimilar batches needs to be tested. Usually, all commercial-scale biosimilar 216 
batches produced, including process performance qualification batches and batches applied in the 217 
clinical trial(s), should be included in the similarity assessment. Any exceptions to this should be 218 
described and justified in the similarity assessment protocol. 219 

Although it is impossible to specify the exact number of RMP batches needed for every product and 220 
scenario, experience has shown that 15-30 batches of RMP are generally appropriate, depending on 221 
factors like batch independency, criticality and variability of the QAs, the analytical procedures used to 222 
investigate them, and the approach applied to assess similarity (see section 3.1.6.). The RMP batches 223 
are expected to be stored under recommended (label) conditions and tested within their shelf life. Any 224 
exception to this has to be fully substantiated with experimental data. Age at the time of testing 225 
(relative to expiry date) should be considered. Continued sampling over time is meaningful to take into 226 
account potential shifts or drifts in the RMP, irrespective of the number of batches already sampled. 227 

3.1.5.  Analytical considerations 228 

The analytical methods should be state-of-the-art, and ideally orthogonal methods should be used. The 229 
previously applied requirements to perform side-by-side analysis have largely become obsolete 230 
because most state-of-the-art methods have good analytical precision with little between run/day-to-231 
day variability (or, at least, this variability is similar to within day variability/precision). However, side-232 
by-side analysis might remain meaningful in a situation with strong between run variability, for 233 
example, Surface Plasmon Resonance analysis. 234 

In addition to physicochemical QAs, it is expected that relevant and discriminatory in vitro 235 
pharmacology (e.g., receptor binding studies, cell-based potency assays) are available, both to support 236 
the identification of physicochemical QAs, and to provide comparative data between biosimilar and its 237 
reference medicinal product. Such comparative in vitro pharmacology data provide evidence that the 238 
biological activity, and therefore the clinical activity is the same. Where relevant, such comparative 239 
data may not only include potency, concentration-response relationships and binding to targets but 240 
also binding to other receptors which may be related to pharmacokinetics, e.g., the FcRn binding for 241 
monoclonal antibodies. 242 

In order to preserve RMP batches, freezing has occasionally been proposed and accepted. However, 243 
adequate data needs to be provided to show that the freezing/thawing process and storage under 244 
frozen conditions does not affect the relevant QAs of the RMP batches. 245 

It is acknowledged that during the period of development of the biosimilar medicinal product, analytical 246 
methods can change. The adequacy of the results from the former methods needs to be confirmed in 247 
the MAA dossier and, if needed, re-analyses of batches with the new method provided. 248 

It should be emphasised that the accuracy and precision of the analytical methods need to be high 249 
enough so that the differences seen during the characterisation studies mainly reflect real batch-to-250 
batch variability as opposed to variability of the analytical method itself. 251 

3.1.6.  Assessment of physicochemical and functional similarity 252 

In order to generate robust evidence for similarity, the Applicant is recommended to follow the general 253 
principles outlined in the Guideline on similar biological medicinal products containing biotechnology-254 
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derived proteins as active substance: quality issues (EMA/CHMP/BWP/247713/2012) and the Reflection 255 
paper on statistical methodology for the comparative assessment of quality attributes in drug 256 
development (EMA/CHMP/138502/2017). 257 

Currently, the most widely used approach for demonstrating physicochemical and functional similarity 258 
is to show that the biosimilar developer is able to manufacture a biosimilar candidate having all 259 
relevant QAs within the batch-to-batch variability of the RMP. The manufacturing control system, 260 
including batch release testing for the most critical QAs, ensures that the quality profile of future 261 
biosimilar batches remains similar to the batches tested for similarity, as well as to the RMP. Any 262 
biosimilar batches released within the batch-to-batch variability of the RMP are expected to have the 263 
same clinical performance, and differences within the ranges are assumed not to have a relevant 264 
impact on safety or efficacy.  265 

This approach is described in the EMA 2014 guideline on “Similar biological medicinal 266 
products containing biotechnology-derived proteins as active substance: quality issues”. It is noted 267 
that similar approaches are referenced in the FDA 2019 guideline on “Development of Therapeutic 268 
Protein Biosimilars: Comparative Analytical Assessment and Other Quality-Related Considerations 269 
Guidance for Industry” and the WHO 2022 “Guidelines on evaluation of biosimilars”. 270 

A number of novel statistical approaches for demonstrating physicochemical and functional similarity 271 
have been proposed in the literature. Applicants are encouraged to explore the possibilities of making 272 
use of these and other statistical approaches where relevant. 273 

3.1.6.1.  Similarity condition 274 

A similarity condition is a concise description for when two data distributions allow a conclusion of 275 
similarity (EMA/CHMP/138502/2017). For most QAs, it is feasible to establish their criticality based on 276 
prior knowledge of their structure-function relationship. However, defining similarity conditions based 277 
on the maximum allowed difference between the two underlying data distributions for the specific QA 278 
purely based on clinical performance is difficult, as a clear correlation between the quantitative level of 279 
individual QAs and the clinical performance is usually lacking. The final clinical performance of a 280 
molecule is a result of several QAs; therefore, similarity between the biosimilar and the RMP needs to 281 
be considered holistically, using a set of orthogonal methods. 282 

For QAs with a continuous scale of measurement, a “population in population” approach will, to a large 283 
extent, overcome the difficulties in determining and justifying the allowed differences in the underlying 284 
distributions. For the population in population approach, the similarity condition is defined as a pre-285 
determined portion of the biosimilar population that should be within a prespecified population portion 286 
of the reference medicinal product.  287 

For certain QAs, such as product-related impurities, it can be sufficient to rule out an increase in the 288 
impurity levels. For other QAs, there can be pre-determined general expectations that need to be 289 
fulfilled; protein content and most process-related impurities are examples of these. Finally, 290 
comparisons of QAs with a nominal scale of measurement or comparisons against an expectation 291 
(primary amino acid sequence), as well as visual comparisons of e.g., chromatograms, are not 292 
compatible with the population in population approach. It is noted that for such QAs, a similarity 293 
condition has not always been well-defined. To avoid this, the applicant is recommended to describe in 294 
the similarity assessment protocol the conditions for similarity of all types of QAs, not only for those 295 
QAs having a continuous scale of measurement. 296 
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3.1.6.2.  Similarity criteria 297 

For making decisions on whether the similarity condition (such as “population within population”) is 298 
fulfilled, a similarity criterion is needed. Ideally, the choice of this similarity criterion should be based 299 
on its operating characteristics, i.e., the probability of false positive decisions (which is of main interest 300 
from a regulatory point of view) and the probability of true positive decisions. The criticality of the QA 301 
could also be considered when selecting the similarity criterion. For more details, refer to Reflection 302 
paper on statistical methodology for the comparative assessment of quality attributes in drug 303 
development (EMA/CHMP/138502/2017). 304 

3.1.7.  Uncertainties in the similarity assessment 305 

The analytical similarity package needs to provide convincing evidence that any differences between 306 
the biosimilar and reference medicinal product would have no meaningful impact on safety or efficacy. 307 
As discussed below, differences which directly impact the MoA, or which could lead to an altered safety 308 
profile, are not compatible with the biosimilarity concept. 309 

Where the similarity criteria for all QAs and prerequisites formulated in Section 3.1.3 are fulfilled, 310 
tailoring or reduction of the pivotal CES could be justified. However, in practice, the probability of 311 
differences in at least one QA not only depends on the variability in analytical method and the 312 
magnitude of acceptable differences between products for each individual attribute but also with the 313 
number of QAs tested (multiplicity). In addition, a real difference in one or more QAs could be present. 314 
Consequently, an expectation that similarity criteria are met for all QAs could require infeasibly large 315 
numbers of independent batch samples from both the reference medicinal product and the biosimilar 316 
candidate. 317 

Therefore, the fact that some data points fail to meet similarity criteria (e.g., fall outside the 318 
biosimilarity range) for some QAs does not a priori preclude approval as a biosimilar, nor does it 319 
invalidate the use of a tailored clinical development programme with limited or no CES. Nonetheless, 320 
since biosimilars are approved based on the totality of data, the availability of CES data has added 321 
supportive weight to assuage any remaining uncertainties in the quality package. In the absence of 322 
CES, the presence of (minor) differences may increase the overall uncertainty, which needs to be 323 
considered in the conclusion on biosimilarity. If the similarity criteria are not met for some QAs, and 324 
the supporting data package and justifications are insufficient to rule out a possible impact on efficacy 325 
or safety, developers should consider adapting the manufacturing process of the biosimilar to better 326 
align with the quality profile of the reference medicinal product. Otherwise, a supportive CES may be 327 
necessary to provide sufficient assurance that the clinical performance of the biosimilar is comparable 328 
to the reference medicinal product. However, CES cannot be used to justify substantial differences in 329 
QAs. 330 

For attributes that fail to meet similarity criteria, the level of supporting data required to justify an 331 
approval depends on the criticality of the QA in question. Therefore, it is expected that any differences 332 
are supported by an appropriate risk assessment which considers the criticality of the QA. The 333 
approach for addressing CQAs for which similarity criteria cannot be met should be pre-specified in the 334 
similarity assessment protocol as far as possible, to avoid reliance on post-hoc justifications of 335 
differences. It is expected that the applicant has a sufficient understanding of the MoA of the product 336 
and has a clear understanding of whether the QA could have a direct impact on the efficacy or safety of 337 
the product. Where any quality differences are observed, however minor, the applicant will be 338 
expected to present a detailed discussion on the potential impact on safety and efficacy. This 339 
discussion can include peer-reviewed literature references, and supportive analytical and 340 
functional/biological data, where relevant. Confirmed differences in the most critical QAs can generally 341 
not be justified by supportive data. 342 
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As noted above, the accuracy and precision of the analytical methods need to be sufficiently high. The 343 
issue whether any observed differences are due to analytical variability or true batch-to-batch 344 
variability should be carefully considered in any discussion of analytical data. Where applicants 345 
consider that analytical variability is the underlying reason for anomalous results, every effort should 346 
be made to improve the precision of results, for example by multiple repeat testing of the same 347 
batch/sample. Unsubstantiated claims about analytical variability would not be sufficient in this 348 
respect. It is also important to recognise that differences detected using a sensitive assay typically 349 
cannot be overcome by providing supportive data from a less sensitive assay. Where use of more 350 
variable assays is unavoidable (e.g., certain cell-based assays, supported with data demonstrating 351 
analytical variability), experience has shown that alternative experimental designs, e.g., reanalysis of 352 
the batches at different time points, can provide valuable insights, as it can point to the variance 353 
contribution of the assay over time and improve the interpretation of the data. 354 

For QAs that fail to meet similarity criteria, characterisation data using orthogonal assays can provide 355 
supportive evidence. The final data package should be such that residual uncertainty does not hamper 356 
the benefit/risk decision. Consideration should also be given to increasing the number of batches 357 
tested to provide a greater understanding of the true range of variability of that QA in the biosimilar 358 
and reference medicinal product. There are several approaches which could be included in the pre-359 
specified similarity assessment protocol to address the situation where unanticipated differences in QAs 360 
are found. This may help to avoid rejection of the application or the need to carry out confirmatory 361 
CES. Based on experience with biosimilar applications in the EU, some examples are discussed below 362 
for particular QAs. However, this is not an exhaustive list, and it is up to the applicant to justify that 363 
the additional supportive data package is sufficient to address any uncertainties. 364 

3.1.7.1.  Primary and higher order structure 365 

Demonstration of comparable molecular structure of a biosimilar and the RMP is essential to confirm 366 
binding affinity of the target. Secondary and tertiary structures determine how a protein folds and 367 
maintains its stability, hence any variations in these structures can lead to differences in the protein’s 368 
functional form, affecting its efficacy and safety. Even minor differences in higher order structure can 369 
have significant implications for the biosimilarity claim. High resolution structural analysis is needed to 370 
characterise any small changes in conformation that may result in potential differences in efficacy. 371 
Differences in the primary amino acid structure contradict the biosimilarity concept. While it is noted 372 
that low-level sequence variants may occur, these are not considered to be a difference in the primary 373 
amino acid sequence; instead, they are product-related substances that can be acceptable if properly 374 
described, justified, and controlled. Differences in post-translational modifications are frequently seen, 375 
including differences in N/C terminal variants, oxidation, deamidation, etc. An appropriate panel of 376 
orthogonal testing is expected to ensure that any apparent differences in post-translational 377 
modifications are not clinically relevant. For example, for mAbs, additional computational modelling 378 
showing that the deamidation, oxidation and isomerisation sites are not located in an epitope binding 379 
region or Fc region or any that differences observed have no impact on binding may be relevant. In 380 
some cases, additional structure-function data could be provided to show the relationship between the 381 
particular post-translational modification and biological activity. Such data could be useful in providing 382 
assurance that any differences are unlikely to have an effect on efficacy or safety in vivo. 383 

3.1.7.2.  Protein content 384 

The batch, or batches of the biosimilar candidate used in the comparative clinical PK study should be 385 
carefully selected to sufficiently match the protein concentration of the RMP. The actual protein content 386 
of each batch used in the PK study should be determined in order to align between biosimilar and RMP, 387 
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as appropriate (see EMA Clinical pharmacology and pharmacokinetics: questions and answers for 388 
further details). 389 

CHMP has encountered several examples where PK trials were conducted using a batch(es) of 390 
biosimilar where the protein concentration was subsequently found to be slightly different from the 391 
RMP. In some cases, this led to difficulties in demonstrating a comparable PK profile. Applicants should 392 
not rely on the label claim of the RMP; instead, the extinction coefficient of the biosimilar and the RMP 393 
should be experimentally determined early in development in order to make an accurate determination 394 
of the true protein concentration. Reference to a published extinction coefficient of the RMP is not 395 
considered sufficient. 396 

3.1.7.3.  Biological activity 397 

Demonstration of comparable bioactivity is of critical importance. If batches of the biosimilar candidate 398 
fail to meet the similarity criteria for biological activity, conclusion of biosimilarity is unlikely. 399 
Nonetheless, there may be scenarios where a panel of orthogonal assays can be used to interrogate 400 
biological activity. In such cases, a minor difference in a single assay might not preclude approval in 401 
the absence of CES; however, as for any QA, such a scenario would need to be appropriately justified a 402 
priori in the similarity assessment protocol. 403 

3.1.7.4.  Charge variant analysis 404 

Differences in the charge profile between a biosimilar and its RMP are not uncommon due to the many 405 
factors that can influence the overall charge profile of a biological medicinal product. Differences in 406 
charge profile could be acceptable where the applicant has conducted thorough analyses to clearly 407 
explain the causes of these variations. Examples could include peak fractionation studies, where the 408 
acidic and basic fractions are purified and further analysed using an appropriate panel of 409 
physicochemical assays and biological assays. Any such supportive data should identify the relevant 410 
variants and provide convincing evidence that the identified differences will not have any clinically 411 
meaningful impact. For instance where differences in charge are due to differences in C-terminal lysine 412 
clipping. Applicants may provide data from samples treated with enzymes such as carboxypeptidase to 413 
provide supportive experimental evidence. 414 

3.1.7.5.  Glycosylation 415 

Based on experience to date, differences in glycosylation between the biosimilar candidate and 416 
reference medicinal product can be challenging to justify, as such differences could lead to clinically 417 
relevant changes, especially for certain hormones, enzymes, and cytokines, and also for mAbs with Fc-418 
effector functions. For example, a different level of afucosylation may impact effector function of a 419 
mAb, leading to a change in biological activity. Changes in high mannose species and sialylation might 420 
impact clearance and PK, and differences in non-human glycan epitopes such as α-galactose and N-421 
glycolylneuraminic acid could impact immunogenicity. Applicants are strongly encouraged to consider 422 
the glycosylation profile of the RMP during the early development of their biosimilar candidate and 423 
make every effort to closely match the biosimilar with this glycosylation profile to minimise the risk of 424 
rejection of the claim of biosimilarity, particularly in the absence of CES. 425 

Where differences in glycosylation profile are unavoidable, a robust data package is expected to justify 426 
that this will not have an impact on efficacy or safety, including immunogenicity; this should be 427 
outlined in the similarity assessment protocol. 428 

For biosimilar monoclonal antibodies with differing glycoprofiles where effector function is part of the 429 
MoA, a comprehensive panel of tests should be provided to show that differences in glycosylation do 430 
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not impact on efficacy or safety. In particular, differences in afucosylation and high mannose are 431 
considered of critical importance due to the potential impact on FcγRIII binding and ADCC activity of 432 
mAbs. The supportive data package should include at minimum the following: 433 

• a comprehensive panel of Fc receptor binding assays, including relevant genotypic variants of 434 
FcγRIIa and FcγRIIIa; 435 

• extensive data from ADCC assays - this usually requires more than one assay format to provide 436 
sufficiently convincing evidence e.g., data using different sources of effector cells such as PBMCs 437 
and NK cells, and/or using assays which more closely reflect the physiological situation e.g., using 438 
patient cells, inclusion of patient serum in the assay, or other relevant approaches; 439 

• data on correlation between afucosylation, high mannose and ADCC establish a correlation 440 
between the afucosylation/high mannose and ADCC is encouraged, where appropriate. In such 441 
cases, applicants should consider using experimentally generated samples which cover a wide 442 
range of afucosylation or high mannose. Such data may allow for a predictive approach where the 443 
release specifications for afucosylation/high mannose could be set to ensure that all commercial 444 
batches of the biosimilar would have comparable ADCC to the reference medicinal product. Such 445 
experimental approaches could be useful in addressing the residual uncertainty due to differences 446 
in the glycoprofile. 447 

Ultimately, for mAbs with effector functions where there are clear differences in ADCC or any other 448 
relevant Fc-functions between the biosimilar and the RMP, approval as a biosimilar may not be 449 
possible. In such cases, adapting the manufacturing process to achieve a more consistent glycoprofile 450 
should be pursued. 451 

Products such as recombinant hormones and enzymes may have complex glycosylation profiles and 452 
multiple N-linked and O-linked sites of glycosylation. For such products, differences in glycoprofile may 453 
preclude approval in the absence of a CES. 454 

3.1.7.6.  Impurities 455 

Product-related impurities are inherent to biological medicines. For example, differences in aggregates 456 
and other size variants may increase the likelihood of product immunogenicity. Where differences have 457 
been observed in impurity levels, experience has shown that further characterisation data has been 458 
sufficient in many cases to alleviate potential clinical safety and efficacy concerns. Such studies have 459 
included MoA studies performed with the individual impurities at levels beyond those observed during 460 
the analytical similarity study. Inclusion of batches of the RMP in such fractionation studies will 461 
strengthen the overall understanding of the structural properties of the molecule and thus help support 462 
the suitability of the data provided to substantiate the claim of biosimilarity. Complementary studies 463 
should be adequately designed to support any conclusions that the differences observed in the impurity 464 
profiles have no clinically meaningful impact. Data from prior knowledge of other products or additional 465 
non-clinical or PK studies can also be helpful in determining whether a particular impurity is a relevant 466 
safety concern. However, reducing a novel impurity (i.e., one that is not present in the reference 467 
medicinal product) to levels as low as technically reasonable is always preferred over immunological 468 
characterisation because the latter is subject to high uncertainties in respect to predictability for the 469 
clinical situation. Comparative accelerated and/or stress stability studies can also be helpful in 470 
demonstrating comparable degradation profiles and kinetics. 471 

3.1.8.  Final reflection on Quality aspects 472 

Reconsidering the need for a CES may be possible if the Quality data package provides solid evidence 473 
for similarity. Such a data package entails at least: 474 
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• MoA and structure-function relationship(s) are well understood; as a consequence, CQAs are well 475 
known and can be reliably assessed in a Quality Risk assessment. 476 

• Sensitive analytical methods are used. 477 

• Sufficient number of RMP batches have been characterised to properly estimate batch-to-batch 478 
variability. The quality target product profile (QTPP) applied during development of the biosimilar is 479 
strongly linked to the variability seen in the RMP. 480 

• The similarity assessment has been preplanned and is captured in the similarity assessment 481 
protocol. Similarity conditions and similarity criteria are defined and applied for the assessment. 482 

On the other hand, waiving a CES is not acceptable in situations where there is a lack of sufficiently 483 
sensitive analytical methods or where the MoA is not understood. While waiving a CES may not be 484 
acceptable when the MoA and structure function relationship(s) are incompletely understood, and 485 
consequently, CQAs are difficult to identify and risk-assess. For example, many cell-based medicinal 486 
products would today fall under this category. 487 

It is reminded that a CES should not be used as a substitute for incomplete Quality development, or to 488 
justify the presence of large differences in QAs. 489 

3.2.  Clinical 490 

3.2.1.  Utility and Limitations of Comparative Clinical Efficacy/Safety Trials 491 

In the European Union Regulatory Framework for biosimilars, Comparative Clinical Efficacy Studies 492 
(CES) that also include supportive safety data have historically played an important role. CES are 493 
intended to address uncertainties regarding biosimilarity following the analytical comparison of a 494 
biosimilar candidate and its reference medicinal product, and to confirm equivalent clinical 495 
performance. They have typically been required in biosimilar developments, except for certain biologic 496 
molecules with low structural and functional complexity. 497 

As addressed in the sections above, in general, analytical tools are considered sensitive enough to 498 
detect differences between a biosimilar and its reference medicinal product, and CES may not add 499 
essential scientific knowledge in the decision for biosimilar approval (Guillen et al., Kirsch-Stefan et al., 500 
Bielsky MC et al., IPRP workshop report 2024). CES, however, may still be important in cases where a 501 
biological is not well-characterisable and/or has an unknown or poorly understood MoA, structure-502 
function relationship, or if the impact of observed differences on clinical outcomes is unclear. In such 503 
cases, it would be challenging to fully rely on comparative analytical data for the demonstration of 504 
similar efficacy and safety. The above mentioned criteria would inhibit an assumption of similar clinical 505 
performance to the originator based on quality and PK alone, as quality comparability would be 506 
associated with a higher degree of uncertainty. 507 

In addition, a CES would still be required in scenarios that do not allow for a meaningful 508 
characterisation of PK, e.g., locally applied products with negligible systemic absorption. 509 

3.2.2.  The relevance of pharmacokinetic (PK) studies in biosimilar 510 
development 511 

Comparative PK studies, in combination with a comprehensive analytical comparison, are essential 512 
elements of a biosimilar development. 513 

Generally, data requirements for comparative PK studies outlined in guidelines (Guideline on similar 514 
biological medicinal products containing biotechnology-derived proteins as active substance: non-515 



 
Reflection paper on a tailored clinical approach in biosimilar development   
EMA/CHMP/BMWP/60916/2025 Page 14/17 
 

clinical and clinical issues, EMEA/CHMP/BMWP/42832/2005 Rev1) and (Guideline on similar biological 516 
medicinal products containing monoclonal antibodies – non-clinical and clinical issues, 517 
EMA/CHMP/BMWP/403543/2010) apply, but some adjustments may be necessary to fully complement 518 
the analytical data and together form an acceptable amount of evidence to conclude on biosimilarity 519 
(see section: Safety and Immunogenicity). If available, relevant PD endpoints, especially those 520 
reflecting the MoA of the biological, may be added to the PK study to address minor differences in 521 
quality attributes related to the MoA of observed in vitro and to further strengthen a conclusion of 522 
biosimilarity (see section: Pharmacodynamics). 523 

Traditionally, PK studies have not been pivotal in answering questions related to safety and 524 
immunogenicity in biosimilar development programmes. These aspects have instead been addressed 525 
as part of the CES. The main reasons are that the sample size of the PK trial is usually small and that 526 
the trial duration is short in comparison with a CES. Therefore, the PK trial in a tailored approach 527 
without a CES will not be able to draw robust conclusions about the overall safety profile, and similar 528 
safety mainly needs to be inferred from a thorough analytical comparability exercise and similar PK 529 
and potentially PD profiles. 530 

It is envisaged that in a tailored approach the comparative PK trial will be adapted to address residual 531 
uncertainty regarding comparability in exposure as well as safety and immunogenicity. 532 

In cases where biosimilarity cannot be robustly concluded from state-of-the-art comparative analytical 533 
and PK studies and where accepted surrogate PD endpoints are not available, CES are still required. All 534 
the considerations regarding study design, endpoints and extrapolation laid down in the Guideline on 535 
similar biological medicinal products containing biotechnology-derived proteins as active substance: 536 
non-clinical and clinical issues () should be complied with unless justified, in case a CES is needed. 537 

3.2.3.  Pharmacodynamics (PD) 538 

In biosimilar development, the evaluation of an accepted PD surrogate endpoint has previously been 539 
considered an integral part to waive a CES. PD assessments offer insights into the biological effects of 540 
the biosimilar and may confirm its MoA and therapeutic potential. However, when the structure and 541 
function of the molecule in question are well-characterised and shown to be highly similar, the 542 
necessity of PD comparability is debatable. 543 

For a biosimilar molecule that is well-characterised and shown to be similar on a quality level, 544 
demonstrating comparable structural and functional attributes to the RMP, demonstration of PD 545 
comparability may not be needed. The extensive characterisation at the quality level ensures that the 546 
biosimilar mirrors the reference medicinal product closely, diminishing the need for PD evaluations. 547 

Nonetheless, even if not essential, PD comparability evaluations may provide additional layers of 548 
confidence and assurance in the biosimilar's clinical performance. If relevant PD endpoints can be 549 
easily measured within the PK study, applicants are encouraged to include them. If an equivalence 550 
criterion has to be fulfilled also for the PD endpoints, this needs to be considered in the sample size 551 
calculation of the PK/PD study. It should be considered that PD endpoints may not be meaningfully 552 
interpretable or sensitive enough in healthy volunteers. 553 

The acceptability of a tailored clinical approach should mainly depend on the product understanding, 554 
including the MoA and the ability to extensively characterise the structure and function of the molecule, 555 
rather than the availability of meaningful PD markers. 556 
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3.2.4.  Safety and Immunogenicity 557 

While comparative PK studies primarily focus on establishing equivalence in drug exposure between 558 
the biosimilar and the reference medicinal product, they can also provide supportive safety and 559 
immunogenicity data that help ascertain similarity in immunological responses between the biosimilar 560 
and the reference medicinal product. In cases with a comprehensive quality package showing close 561 
analytical similarity and high purity of the biosimilar, a limited but well-defined set of comparative 562 
safety and immunogenicity data as part of the PK study could provide sufficient confidence in the 563 
biosimilar's safety and immunogenicity profile. If relevant uncertainties remain from the quality 564 
package, longer and/or larger studies may be needed to ensure the absence of a clinically relevant 565 
impact. 566 

In case relevant uncertainties remain, longer and/or larger studies may be needed to ensure no clinical 567 
meaningful impact (see also 3.1.7.5, 3.1.7.6.). 568 

3.2.4.1.  Extended PK studies with more than one dosing 569 

In some cases, immunogenicity data from a single-dose PK study may not be enough,. especially if 570 
anti-drug antibodies (ADAs) are known to exert relevant effects on efficacy (e.g., due to neutralising 571 
antibodies) or safety (e.g., serious infusion reactions) developing later in the treatment course. In such 572 
cases, two or even more administrations may be necessary in an appropriate healthy volunteer or 573 
patient population. The applicant should assess the timeframe of ADA development and the 574 
immunogenic risk of the reference medicinal product to design a comparative PK study of adequate 575 
duration. 576 

3.3.  Conclusion 577 

Taken together, biosimilars may be approved without providing CES or even PD data if similar clinical 578 
efficacy and safety pharmacology can be inferred from a sufficiently stringent evaluation of analytical 579 
comparability, in vitro pharmacology, and a comparative clinical PK trial. Whether a development 580 
programme without a CES could be envisaged depends on the ability to extensively characterise the 581 
structure and function of the RMP, and understanding whether the differences in particular QAs have a 582 
meaningful impact on clinical outcomes (see prerequisites for similarity assessment). 583 

In any case, a well-defined comparative human PK study would still be required. 584 

  585 
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ADCC Antibody-dependent cellular cytotoxicity 
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BWP (EMA CHMP) Biologics Working Party 

CDR Complementarity Determining Region 

CES Comparative Efficacy Studies 

CHMP (EMA) Committee for Medicinal Products for Human Use 

CQA Critical Quality Attribute 

MAA Marketing Authorisation Application 

MoA Mechanism of Action 

PK Pharmacokinetics 

PD Pharmacodynamics 

RMP Reference Medicinal Product 

WHO World Health Organization 

WP Working party 
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