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Abstract: The FDA has concluded that a biosimilar candidate capable of demonstrating pharmacodynamic 

biomarkers in a healthy subject need not be tested for clinical efficacy in patients, regardless of if the biomarker 

correlates with clinical response. Since monoclonal antibodies (mAbs) do not trigger pharmacodynamic 

response, they can be substituted with robust functional disqualifying them for this waiver that can be 

overcome by allowing comparison of functional properties that eventually result in clinical response. This 

suggestion is based on the FDA's preference for more sensitive testing methods. However, clinical efficacy 

testing in patients is the least sensitive method, as confirmed by statistical modeling, a fact that regulatory 

agencies need to admit. In this paper, I present a logical and rational argument to establish the biosimilarity of 

products that do not have pharmacodynamic biomarkers based on their orthogonally proven functional 

biosimilarity. This understanding will significantly lower the development cost of biosimilars, a goal that the 

FDA outlined in all its guidance. 
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1. Introduction 

The legislation introducing biosimilars arrived in 2015 in the EU and in 2019 in the US. As of 

April 2023, 47 biosimilars were approved in the US, including the molecules that are approved as 

chemical drugs, and 74 in the EU (Table 1), representing 19 molecules, including what are not 

considered proteins in the US, out of more than 200 available recombinant therapeutic protein 

molecules0 available as a choice. 

Table 1. Biologicals approved in EU and US; (products marked with an asterisk were not approved 

under the 351k legislation in the US). 

Molecule Product  EU US 

1  Adalimumab 10 8 

2  Bevacizumab 8 4 

3  Enoxaparin sodium* 2 2 

4  Epoetin alfa/zeta 5 1 

5  Etanercept 3 2 

6  Filgrastim 7 2 

7  Follitropin alfa* 2 1 

8  Insulin glargine 2 2 

9  Insulin regular 1 0 

10  Infliximab 4 4 

11  Insulin glargine 1 2 
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12  Insulin aspart 2 0 

13  Insulin lispro 1 1 

14  Pegfilgrastim 8 5 

15  Ranibizumab 1 2 

16  Rituximab 5 3 

17  Somatropin* 1 2 

18  Teriparatide* 4 1 

19  Trastuzumab 6 5 

 Total 73 47 

Biosimilars have “no clinically meaningful differences between the biological product and the 

reference (originator) product in terms of safety, purity, and potency,” degines the FDA.2 This status 

is granted based on a stepwise comparative testing plan, starting with structural and functional 

assessment, followed by clinical pharmacology profiling. In January 2023, the US law, BPCIA, was 

amended to remove the terms “animal toxicology,” and replaced with “nonclinical.” Further, if there 

remains any “residual uncertainty,” “additional clinical studies” that may include additional clinical 

pharmacology profiling or testing in patients. However, almost all biosimilars approved by the FDA 

conducted extensive patient testing, adding substantial costs.  

Of the total cost of developing biosimilars ranging between $100-$300 million,3 on average, the 

clinical efficacy testing in patients, enrolling a median of 538 participants (interquartile range, 372–

644 patients) has a median cost of each is $27.6 million ($18.0 million–$36.7 million) giving an average 

cost per enrollee at about $55,000; also these trials last a median of 55 weeks (range 46–78 weeks).4 

Oncology drugs present the highest cost category. More complex trial protocols take longer to design, 

obtain approvals (institutional and FDA), recruit patients from contracted providers, analyze the 

resulting data, and submit the results.  

As of April 2023, there were 94,910 subjects enrolled in 170 active or completed phase 3 

biosimilar trials with study sizes ranging from 3 to 4,994 subjects; 100 studies were marked for cancer 

(26 as lymphoma, 34 for breast cancer, 25 metastatic, 21 for HER2, 16 for adenocarcinoma), 18 for 

macular degeneration, 31 for rheumatoid arthritis, 24 for psoriasis, and 17 for osteoporosis. All 

completed trials met the equivalence criteria.5 Based on the average cost per enrollees, the cost of 

current studies amounts to over $5 Billion. 

When the EMA and the FDA issued their first guidelines for biosimilar approvals, it was 

considered essential to demonstrate efficacy in the patients. As a result, these guidelines have 

undergone many revisions, lowering the barrier to clinical testing. Significant changes include the 

removal of “animal toxicology” and replacing it with “nonclinical” testing,6 waiver of 

immunogenicity testing if immunogenicity does not impact pharmacokinetics,7 waiver of clinical 

efficacy testing in patients where pharmacodynamic biomarkers are available,8 9 and suggestions to 

apply AI and in silico approaches to demonstrate biosimilarity.10 11 

The FDA's decision to waive efficacy testing in patients is most significant, but many therapeutic 

proteins, such as antibodies, do not demonstrate a pharmacodynamic response, excluding them from 

this concession. However, the need to remove clinical efficacy remains urgent since these studies are 

least sensitive of all other testing as demonstrated in this paper, leaving them merely as a conservative 

“checklist” item. For products that do not display a pharmacodynamic response, a comparison of 

functional properties with the reference product, comprising biological assays and receptor-binding 

tests, should be sufficient, since it is these functionalities that lead to pharmacodynamic responses or 

clinical responses in patients. 

2. Clinical Efficacy Testing  

Clinical efficacy testing in patients is the established standard for evaluating the safety and 

efficacy of new drugs. Clinical trial designing starts with formulating the expected outcome12 that 
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explicitly encompasses the population, intervention, comparator, and outcomes (PICO) to be 

measured.13 However, this standard is now subject to change based on the new analysis by the FDA 

questioning14 the validity of the traditional clinical trial systems, labeling them as “broken,”15 

suggesting an adaptive approach to clinical trial designs16 that ‘‘allows for prospectively planned 

modifications to one or more aspects of the design based on accumulating data from subjects in the 

trial.”17  

Adaptive trials may improve efficiency and statistical power compared to more conventional 

designs, thereby allowing the resolution of clinical inquiries in a shorter time or with fewer 

participants than non-adaptive designs. However, adaptive trials have potential sources of bias that 

must be avoided by careful design.18 The most common adaptive approaches include sequential 

group design, flexible sample size re-estimation, adaptive randomization, biomarker adaptive 

design, and multi-arm platform design. One adaptive design request unique to testing biosimilars 

involves requesting a narrow healthy subject or patient inclusion criteria to enhance the homogeneity 

of the study population and thereby reduce variability in participants, improving the precision of 

treatment that will allow significant reaction in the study size.  

A justification for lowering the study size comes from the fact that the testing of biosimilars is 

intended to compare the product attributes, not characterize them in a target population.19 These 

considerations are essential since most trials are conducted as parallel designs requiring a larger 

population and typically comparing one treatment against no treatment, placebo, or standard of care. 

While a crossover design eliminates variation in baseline factors between the study arms, increasing 

the power to detect a significant treatment effect,20 but this design can be used only when the 

treatment effect is predictably time-limited and cannot be used if the treatment is curative or long-

lasting. 

The clinical efficacy testing of biosimilars in patients brings unique challenges as described 

below suggesting that a more rational evaluation of the safety and efficacy of biosimilar candidates 

can be made without engaging the patients. 

Extrapolation of Indication 

A unique regulatory allowance for biosimilars is the extrapolation of all indications based on 

testing in only one indication if testing in patients is considered necessary. This decision is supported 

by the regulatory argument that the biosimilar candidate has already demonstrated high similarity 

of analytical assessment and clinical pharmacology. However, this also means that where a molecule 

demonstrates multiple modes of action, this difference is not relevant.21 If this is the case, then the 

similarity of the biosimilar candidate demonstrated before conducting the efficacy testing should be 

sufficient, removing this circular argument for requiring any efficacy testing.22 This suggestion also 

applies to the argument of testing patient immunogenicity since this is already tested in healthy 

subjects, and if immunogenicity is considered dependent on the nature of the disease and the 

condition of the patients, then this should be tested in all indications.  

As an example, adalimumab (Humira) is a recombinant human mAb against TNFα (tumor 

necrosis factor-alpha), with at least 12 indications (autoimmune diseases) approved worldwide, 

including, among others, rheumatoid arthritis (RA), Crohn’s disease (CD), ulcerative colitis (UC), 

ankylosing spondylitis (AS), plaque psoriasis (PPs), psoriatic arthritis (PsA), polyarticular juvenile 

idiopathic arthritis (PJIA), and more. In addition, other TNFα-targeted biological drugs include 

infliximab (Remicade, a mAb against TNFα) and Enbrel (etanercept, a fusion protein against TNFα). 

This indicated that TNFα (an important inflammatory cytokine) is one of the shared therapeutic 

targets of various autoimmune-associated inflammatory diseases and that these TNFα-targeted 

protein drugs are effective in treating these diseases associated with autoimmune disorders and 

inflammation through inhibition of TNFα activity based on the class effect. Furthermore, different 

biologicals can also have the same indication, such as rheumatoid arthritis can be treated either with 

TNFα-targeted biological drugs, such as adalimumab, infliximab, and Enbrel or with rituximab 

(Rituxan), which is a mAb against antigen CD20 on B lymphocytes. Thus, a disease may have more 

than one therapeutic target, such as TNFα and CD20 for rheumatoid arthritis, and concomitant use 
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of biological drugs acting on different targets is expected to exert synergistic or additional efficacy 

for a certain disease. 

Based on their pharmacological activity, therapeutic proteins replace a deficient protein, 

augment an existing pathway, create a novel function or activity, interfere with an organism or a 

molecule, and deliver other effector proteins, cytotoxic drugs, radionuclides, or nucleotides. On a 

molecular type, they are antibodies, c fusion proteins, anticoagulants, blood factors, bone 

morphogenetic proteins, engineered protein scaffolds, enzymes, growth factors, hormones, 

interferons, interleukins, and thrombolytics. Their molecular mechanism of activity includes binding 

non-covalently to target, e.g., mAbs, affecting covalent bonds, e.g., enzymes, or making nonspecific 

interactions, e.g., serum albumin. Proteins can bind to multiple ligands, and the binding mechanisms 

can differ.23  

Testing biosimilars in one clinical indication is no more than a checklist that is further questioned 

based on the statistical modeling weaknesses, as shown below. 

Statistical Modeling 

Statistical analyses used for clinical assessments of biosimilar candidates differ from those used 

for the regulatory approval of the reference product. Understanding the different analyses, 

comparisons, endpoints, populations used, and calculations of margins and sample size are the key 

variables that make study designs highly complex and as demonstrated below, of lesser value since 

the methods of equivalence testing used to evaluate biosimilarity are much more robust than the 

efficacy testing.  

A new biological drug is subjected to a superiority trial compared to placebo control.24 In contrast, 

biosimilar products must demonstrate similar efficacy and safety to the originator, mainly as 

equivalence trials,25 26 where the objective is to show that differences in response are not clinically 

significant,27 meaning that clinical responses are close enough so neither the biosimilar nor the 

comparator (originator) is superior or inferior to the other. This is usually shown via demonstration 

that the treatment difference will likely lie within a specific range of clinically acceptable differences. 

The equivalence trial design requires establishing an acceptable range of clinically acceptable 

differences. Equivalence is shown when the confidence interval (CI) falls within the lower and 

upper equivalence margins set before the experiment or study.28 A noninferiority trial design can 

sometimes be used if adequate scientific justification is provided. A noninferiority design uses only 

one margin (the lower or upper limit, depending on what is appropriate for the specific study or 

endpoint). It tends to require a smaller sample size than an equivalence trial design.29 The FDA and 

EMA discourage noninferiority trials to avoid the possibility of higher efficacy of the biosimilar that 

may translate into higher adverse events. 

The margins for demonstrating equivalence (and noninferiority) are generally based on the effect 

size. They should be justified on clinical and statistical grounds and use robust statistical rationale 

and clinical criteria to determine a margin value.30 To demonstrate biosimilarity, the margin is the 

largest difference between the potential biosimilar and originator that is judged as clinically 

acceptable but should be smaller than the minimum difference reported between the originator and 

placebo for clinically relevant results.31 While this consideration applies to a new entity trial against 

a placebo, the comparison of a biosimilar candidate with its reference product is akin to comparing 

the same product in two groups of subjects. In this case, the actual mean difference between treatment 

and reference will be zero. The variability of an acceptable effect size of the reference in placebo-

controlled trials is used to calculate margins.  

Determining the equivalence margin, δ is the most critical step in equivalence/noninferiority 

testing. A small value of δ determines a narrower equivalence region, making it more difficult to 

establish equivalence/noninferiority. The equivalence margin determines the test result and gives 

scientific credibility to a study. The value and impact of a study depend on how well the equivalence 

margin can be justified in terms of relevant evidence and sound clinical considerations. Frequently, 

regulatory issues also must be considered5. 
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Power is the probability of correctly establishing the research hypothesis. Power analysis, also 

called sample size determination, calculates the number of observations needed to achieve a desired 

power. Table 2 shows the sample size calculated for testing equivalence between a biosimilar 

candidate and its reference product, assuming that the true efficacies are 33% and 28% for the 

reference product and the biosimilar candidate, respectively.  

Table 2. Sample Size to Achieve 0.80 Power to Test Equivalency at the α = 0.05 Significance Level for 

True Proportions of 0.28 and 0.33.32. 

Equivalence margin Sample size (per group) 

0.06 26,185 

0.07 6,547 

0.08 2,910 

0.09 1,637 

0.10 1,048 

0.11 728 

0.12 535 

Since a small difference in the equivalence margin significantly changes the sample size, the 

arbitrary selection of equivalence margins makes a comparison of clinical efficacy in patients for 

biosimilars highly unreliable. 

Non-inferiority trials show that a biosimilar is no worse than the reference product and are 

justified only on the grounds of lower cost of treatment. Like the equivalence studies, investigators 

must set the maximum acceptable difference between the treatments.33 The treatment effect in these 

trials must be confidently above this margin. Still, unlike the equivalence design, it is unnecessary to 

be confident that the treatment effect is below some acceptable superiority margin. With non-

inferiority designs, one-sided hypothesis testing is used. Such studies should not be used for 

biosimilar products since it is the response that leads to toxicity.  

A recent report examined the published studies wherein the 38 efficacy testing in patients 

showed only two clinical safety failures, one for somatropin immunogenicity attributed to higher 

amounts of host cell protein (HCP) impurities in the biosimilar that were missed out in testing; the 

second example was erythropoietin where two patients developed neutralizing antibodies that were 

associated with the residual tungsten in the syringe that catalyzed the formation of insoluble 

aggregates; a repeat study with a tungsten-free syringe was successful. Based on current guidelines, 

these differences will not be identified as failed studies; thus, all 38 studies showed no clinical efficacy 

differences.34  

Another statistical challenge comes in establishing the probability of concluding that a failed 

study is a study failure. The Bayesian probability that a failure is a failed study is based on the alpha 

value of 0.05, meaning that 95% of the time, if a study fails, it will be determined as a failure [thus, 

the probability is 95%] and beta value of 0.2 [that a study that was not a failed study shows up failed 

study], and a prior probability (Figure 1). 

P(A) = P(A|B) * P(B) + P(A|¬B) * (1 - P(B)) 

P(A) = posterior probability that a failed study is a failed; P(A|B) = 0.95 (probability of a failed 

study given that it is a failed study); P(A|¬B) = 0.20 (probability of a failed study not being a failed 

study); P(B) = 0.01 to 0.10 (prior probability of a study failing), which is almost zero, but for a practical 

calculation Figure 1 shows a range of 1 to 10%. 
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This calculation is more convincing since it is based on real-world data; if a study has never 

failed, then future studies are also not likely to fail, and if it does, then the confidence that the study 

is failed is very low. 

 

Figure 1. The Bayesian probability of a failed trial is an actual failure. 

3. Pharmacodynamic Biomarkers 

The limitations of efficacy testing in patients are well-recognized by regulatory agencies. To 

overcome these concerns, the FDA's Division of Applied Regulatory Science (DARS)35 has recently 

published its recommendations to remove this testing for biosimilars36 based on comparing 

pharmacodynamic (PD) properties between a biosimilar candidate and its reference product. It is 

now labeled as clinical efficacy testing in healthy subjects. A PD biomarker is not required to be a 

surrogate endpoint or have an established relationship with clinical efficacy outcomes.37 38 Examples 

include the absolute neutrophil count area under the effect time curve as a more reliable endpoint 

than the clinical efficacy endpoint of the duration of severe neutropenia.39 DARS made these 

conclusions based on its investigations40 and clinical studies it has conducted41 42 43 to define the best 

practices for characterizing the PD biomarkers for various drug classes. These studies evaluated the 

use of human plasma proteomic and transcriptomic analysis to find novel biomarkers for the 

approval of biosimilars.44 A joint FDA/Duke Margolis Workshop45 has covered the study findings 

that encourage a broader debate on using PD biomarkers to develop biosimilars.  

The FDA has also validated that PD biomarker identification can be made using large-scale 

proteomic approaches and other technologies46 where PD biomarkers are not readily available. The 

FDA has also confirmed that the PD biomarkers need not correlate with a clinical response to allow 

their use to support the claim of biosimilarity. A biosimilar development plan aims to demonstrate 

similarity to the reference product, not the focus of the reference product, where the safety and 

effectiveness are established independently. Therefore, the correlation between the PD biomarker 

and clinical outcomes, while beneficial, is not required.47 48   

Additionally, evaluating PK and PD similarity to detect differences between a proposed 

biosimilar and its reference product may be more sensitive than evaluating clinical efficacy endpoint 

(s), should differences exist. For example, quantitative analysis showed that the PD biomarker, the 

area under the effect-time curve of an absolute neutrophil count, is a more sensitive endpoint than 

the clinical efficacy endpoint of the duration of severe neutropenia.49  
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Although PK similarity has been evaluated for every FDA-approved biosimilar with systemic 

exposure to date, as of June 2022, only 11 of 36 approved biosimilars had included PD similarity data 

to support biosimilarity (specifically, 3 filgrastim biosimilars, 4 pegfilgrastim biosimilars, 2 insulin 

glargine biosimilars, and 1 epoetin biosimilar). Notably, these products all had well-characterized PD 

biomarkers (absolute neutrophil count for filgrastim products and pegfilgrastim products; 

CD34+ cells for filgrastim products; reticulocyte count and hemoglobin level for epoetin alfa products; 

and glucose infusion rate for insulin glargine products). 

The standards for surrogate biomarkers used to support the approval of novel drugs are 

fundamentally different from the standards for PD biomarkers meant to assist a demonstration of 

biosimilarity.50 This provides opportunities for biomarkers used as secondary and exploratory 

endpoints in new drug development programs to support biosimilar testing. In addition, many 

opportunities are available to identify new PD biomarkers or fill information gaps on existing 

biomarkers to facilitate using PD biomarker data in clinical pharmacology studies instead of 

comparative clinical efficacy studies.  

The FDA guidance describes five characteristics of PD biomarkers (Table 3) to assist sponsors 

planning to use PD biomarkers as components of a biosimilar development. PD similarity data to 

demonstrate no clinically meaningful differences in a biosimilar development program can be based 

on a single scientifically appropriate PD biomarker or more than one PD biomarker. Data to 

demonstrate biomarker suitability may be obtained from regulatory documents for the reference 

product and other approved biosimilar products (for example, product labels and review 

documents).51 Data to demonstrate PD biomarker suitability may also be obtained from peer-

reviewed publications, including systematic reviews, research articles, clinical case studies, and 

reports on real-world data, and could include data for products with similar mechanism(s) of action 

as the reference product.  

Modeling and simulation using dose- or exposure-response data may provide information on 

dose–response relationships, sensitive dose ranges, variability in PD biomarker responses, and 

sensitivity of study populations concerning PD biomarker responses.52 53 54 55 56 57 

Table 3. Potential evidence to address the five characteristics of a PD biomarker to be used in PD 

similarity studies. 

Characteristics  Evidence  

 The relation of the PD biomarker to 

the drug's mechanism of action (to 

the degree that the reference 

product's mechanism of action is 

known) 

Data demonstrating the relevance of a PD biomarker (and 

the pharmacological effect it illustrates) to all or some of a 

product's known mechanisms of action 

The period at which the PD 

biomarker first changed concerning 

dose and when it returned to 

baseline once dosing was stopped 

Data demonstrating the complete PD biomarker response 

profile includes the onset time, response duration, and 

return to baseline. 

The dynamic range of the PD 

biomarker over the exposure range 

of the biological product 

PD response data obtained from a range of doses that 

characterize the range of PD biomarker responses to 

demonstrate dynamic range, dose dependence, and 

magnitude of response. The PD responses associated with 

the range of concentrations in the observed PK profile are 

appropriately captured. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2023                   doi:10.20944/preprints202304.1141.v1

https://doi.org/10.20944/preprints202304.1141.v1


 8 

 

The PD biomarker's susceptibility to 

variations between the suggested 

biosimilar product and the reference 

product 

Dose-response relationship data to determine the 

sensitive dose range and estimate the variability in PD 

biomarker response 

The analytical validity of the PD 

biomarker assay 

Data demonstrating the accuracy, precision, specificity, 

sensitivity, and reproducibility of the PD biomarker assay 

4. Taking a Step Back from PD Markers 

For products that do not display PD biomarkers, such as monoclonal antibodies, other “omic” 

technologies like transcriptomics and metabolomics may offer a chance to find new, sensitive, and 

robust candidate biomarkers for further exploration as PD biomarkers.58 However, a more rational 

approach will be to take a step back in the testing cycle of biosimilars and examine if ex vivo testing 

can provide evidence of biosimilarity that is more sensitive and reliable in identifying any “clinically 

meaningful difference” in the language of the FDA guidelines.  

Since the pharmacodynamic response is triggered by receptor binding, cell-based bioassays, or 

potency assays, such as ELISA, binding assays, competitive assays, cell signaling, ligand binding, 

proliferation, and proliferation suppression, should provide a sufficient functional comparison of a 

biosimilar candidate with its reference product. Furthermore, functional tests for the mode of action 

(MOA), such as testing for apoptosis, complement-dependent cytotoxicity, antibody-dependent 

cellular phagocytosis, and antibody-dependent cellular cytotoxicity, are generally not required, can 

be added to provide a higher degree of confidence of safety and efficacy. 

Monoclonal antibodies (mAbs) bind to specific protein epitope targets on target cells resulting 

in a therapeutic response. Characterizing the mAb's affinity for binding include target antigen and 

affinity for binding to specific Fc receptors (Fc(RI, Ia, IIa, IIb, IIIa, IIIb; Fc(RN, Effector functions like 

ADCC and CDC, molecular properties like charge, pI, hydrophobicity, and glycosylation, and off-

target binding employing in-silico or in vitro techniques like baculovirus ELISA tools are all robust 

and objective to establish functional similarity.59 60 Additional tests can be added based on specific 

applications such as for TNFα blockers: C1q; CDC; Induction of regulatory macrophage; inhibition 

of T-Cell proliferation (MLR); LTα; MLR; mTNFα; Off-target cytokines; Reverse signaling; sTNFα; 

Suppression of cytokine secretion; tmTNF-α. The functional assays form more robust markers to 

establish efficacy comparisons than the testing in patients, without the necessity to demonstrate any 

PD response for mABs.61 62 However, the functional tests (ADCC, ADCP, and CDC) are of little value 

when the drug targets a soluble antigen. 63 64 

A collection of functional assays pertinent to a range of biological activities can be employed for 

a product having multiple biological activities. For instance, some proteins have a variety of 

functional domains that express enzymatic and receptor-binding functions. The metric for biological 

activity is potency. Analytical studies to evaluate these features are easily accessible when 

immunochemical properties are made part of the activity assigned to the product (for instance, 

antibodies or antibody-based products). The functional assays form more robust markers to establish 

efficacy comparisons than the testing in patients, without the necessity to demonstrate any PD 

response for mABs.65 66  

It is, therefore, a logical argument to utilize these more objective tests to establish proof of 

biosimilarity than clinical efficacy testing for a myriad of reasons, as presented above. 

5. In Silico Modeling 

DARS promotes evaluating safety issues, mostly what could be anticipated by accumulating 

molecular target information. Knowing a drug's molecular targets enables early detection of its effects 

and potential safety issues for new molecules. Still, the exact modeling can also be applied in a 

comparator mode to study biosimilar candidates. For instance, DARS has created several 

computational techniques comprising MLs to predict negative responses to drugs driven by contact 
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with biological receptors that target multiple drugs with similar structures,67 68 leading to many useful 

methods to predict adverse events. However, the criteria for surrogate biomarkers that support the 

approval of new drugs differ from the pharmacodynamic markers likely to support a claim of 

biosimilarity.69  

Furthermore, the DARS has also experimented with several advanced modeling plans to forecast 

a syndrome called cytokine release that is fatal for many biological products70 71 and showed that non-

clinical models could effectively demonstrate this adverse event, particularly for the checkpoint 

inhibitor cancer drugs where computational, in vitro, or conventional non-clinical methodologies are 

not most suitable.72 

The in silico models used to predict the activity and immunogenicity of new molecules can also 

be used to compare biosimilars with their reference products. For instance, the primary amino acid 

sequence determines how proteins are arranged in three dimensions. So, suppose the primary 

sequence of a biosimilar candidate is identical or does not have any known structural elements to 

interfere with the mode of action of the reference product. In that case, it will be reasonable to 

conclude that the biosimilar candidate will have the same 3D structure displaying the exact domains 

that lead to receptor binding and immunogenicity. These attributes are now studied using the 

modeling tools like the AI-based AlphaFold2 and ESM-fold; the thermodynamic instability of pre-

translation modifications is riskier for comparison is also readily concluded.73  

The key steps involved in protein receptor binding predictions using AI-based technology: 

• Data collection and preprocessing: Large datasets of protein-ligand complexes, including their 

structures, binding affinities, and functional annotations, are collected from various sources. The 

data may be preprocessed to remove redundant or noisy information and ensure consistency. 

• Feature extraction: Relevant features, such as protein and ligand descriptors, physicochemical 

properties, and structural motifs, are extracted from the protein-ligand complex data. These 

features are used to represent the complex in a machine-readable format. 

• Model training: Machine learning algorithms, such as deep learning methods like convolutional 

neural networks (CNNs) or recurrent neural networks (RNNs), or other techniques like support 

vector machines (SVMs) or random forests, are trained using the preprocessed data and 

extracted features. The models learn patterns and relationships from the data to make 

predictions. 

• Model validation: The performance and generalizability of the trained models are evaluated 

using a variety of assessment metrics, including accuracy, precision, recall, and F1 score, as well 

as cross-validation approaches. It is possible to tweak model parameters to raise prediction 

precision. 

• Prediction and interpretation: The trained models are then used to predict receptor binding for 

new, unseen protein-ligand complexes. These predictions may include identifying the binding 

sites, estimating binding affinities, and predicting the binding modes or conformations. The 

predictions may be further analyzed and interpreted to understand the key features or residues 

involved in the protein-ligand interactions and to gain insights into the underlying molecular 

mechanisms. 

• Validation and experimental verification: Predicted protein-ligand interactions may be 

validated experimentally using molecular docking, molecular dynamics simulations, or 

biochemical assays to confirm their accuracy and reliability. This step helps to refine and 

improve the predictive models. 

• Applications: Applications for the predicted protein receptor binding data include the search for 

new drugs. It can guide the design and optimization of novel drug candidates with improved 

binding affinities and selectivity. It can also be used in personalized medicine to understand the 

interactions between drugs and individual patients' proteins, leading to more targeted and 

effective treatments. 

Protein structure prediction techniques based on deep learning have attained previously 

unheard-of levels of accuracy. A modeling algorithm like Automated Pairwise Peptide-Receptor 

Analysis for Screening Engineered Proteins (APPRAISE) fills in the gaps between the ability to 

predict the structures of candidate proteins and the ability to determine which of those proteins are 
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most likely to bind to a target receptor. It works by first creating models of proteins competing for 

binding to a target using a well-known structure-prediction tool like AlphaFold2-multimer or 

ESMFold. Then, the APPRAISE performs a scoring analysis that considers biophysical and 

geometrical constraints.74 

In summary, using AI-based technology, protein receptor binding predictions can significantly 

accelerate the drug discovery process, improve personalized medicine, and deepen our 

understanding of protein-ligand interactions that can be valuable in establishing silico biosimilarity. 

7. Conclusion 

Given the higher sensitivity of analytical assessment, nonclinical functional testing, and clinical 

pharmacology evaluation compared with clinical efficacy testing in patients, it is now recognized by 

regulatory agencies that the studies with higher sensitivity should supersede the least sensitive 

studies since these studies can never fail, and a failed study cannot be confirmed as a failure for 

statistical reasons. Since clinical efficacy testing in patients is the last step, it can be readily waived 

since a biosimilar candidate has already demonstrated biosimilarity based on more robust and 

objective testing methods. The FDA has already agreed to waive this testing for drugs with 

pharmacodynamic biomarkers.75 This waiver should extend to all other biosimilar products based on 

their comparison of functional properties, such as receptor binding studies, proteomic comparisons, 

and applying AI-based and in silico approaches to establish biosimilarity. Returning to functional 

biosimilarity will be a giant scientific leap in making biosimilars affordable. 
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