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Foreword

Biosimilars are biological medicines that are highly similar to an already approved reference product, with no clinically meaningful differences in terms of safety efficacy, or quality. These innovative therapies present a valuable opportunity to expand patient access to advanced treatments, reduce healthcare costs and increase competition in the pharmaceutical market. However, the development and regulatory approval of biosimilars present unique challenges and demonstrating the safety, efficacy and similarity of biosimilars to their reference products requires sophisticated analytical techniques and rigorous clinical studies.

As biosimilars continue to expand into new therapeutic areas and global markets, their role in improving patient care and contributing to healthcare sustainability will only increase. Their success not only relies on scientific innovation but also on close collaboration between regulatory authorities, healthcare providers and the pharmaceutical industry to ensure that these treatments are both affordable and effective for patients worldwide.

This eBook explores the critical importance of high-quality analytical methods and comparability assessments in securing regulatory approval for new biosimilar products. This is particularly relevant as we approach 2030, a period during which several 'blockbuster' biologics will lose patent protection, creating a prime opportunity for biosimilars to further transform the healthcare landscape.

We hope you enjoy this eBook!
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Can you explain the significance of biosimilars in modern healthcare and how they create competition within the pharmaceutical industry?

Biosimilars and interchangeable biosimilars are high-quality equivalents of brand-name biologic drugs. Biosimilars have the potential to significantly reduce treatment costs and enhance patient access to life-saving or life-changing biologics; as such, biosimilars play a pivotal and increasingly important role in modern healthcare. Like their small molecule pharmaceutical counterparts, freshly approved, brand-name biologics enjoy periods of patent protection and market exclusivity [1]. These periods of protection and exclusivity shelter the reference product (original biologic) from competition and dictate the timing of biosimilar approval and market availability. However, after these periods of protection expire. regulatory agencies, like the Food and Drug Administration (FDA) and European Medicines Agency (EMA), actively encourage competition from generic and biosimilar drugs. These organizations have 1) established robust frameworks and guidelines to ensure the safety, efficacy and quality of biosimilars, 2) provided scientific and regulatory advice and 3) prioritized the review of new generic and biosimilar drug submissions. These actions stoke competition, help to expedite market entry of biosimilars, reduce healthcare costs and increase patient access to critical therapies. For instance, in February 2024, the EMA proposed to waive comparative efficacy studies for biosimilars with a straightforward mechanism of action, such as monoclonal antibodies and recombinant proteins, to reduce the need for human studies in comparing a biosimilar medicine under development with the reference product

At present, generics and biosimilars represent a whopping 90% of all U.S. prescriptions. In tandem, these therapeutic alternatives have a net positive impact on public health, with biosimilars accounting for nearly 700 million days of therapy. By providing lower-cost alternatives, generics and biosimilars improve patient access to medications and drive drug price reductions [2, 3 and 4]. For perspective, without biosimilar competition, the FDA and Association of Accessible Medicines (AAM; NJ, USA) estimate that patients may not have received 344 million days of therapy [2].



Given most global drug sales come from small molecules, why should we focus on biosimilars?

The AAM and IQVIA (NC, USA) reported biosimilar savings in the U.S. surpassed $2.2 billion in 2019 and exceeded $4.5 billion for the period spanning 2010 to 2019 [2,5,6]. This saving reached $9.4 billion in 2022. In 2023, the global biosimilar market size grew up to $21.2 billion, leading the IMARC Group (Noida, India) to estimate that the biosimilars market would grow to $164.5 billion by 2032; with that, the compound annual growth rate for biosimilars is estimated to exceed 25% from 2024 to 2032 [7].

Four major factors are driving this dramatic growth. The first is the increasing number of patent expirations for major biologics. Second is the ongoing advancement in manufacturing techniques for biologics and biosimilars, e.g., techniques that reduce the difficulty associated with production while improving biosimilar quality and equivalence. Third is the continued demand for affordable drugs, especially drugs intended for the treatment of chronic diseases, such as cancer, diabetes and autoimmune disorders. Stated another way, escalating healthcare costs, growing inflation and increased cost of living can make brand-name medications cost-prohibitive for many patients suffering from chronic disease - biosimilars offer cost-effective alternatives for patients that might not otherwise be able to afford treatment. And fourth, as previously mentioned, regulatory agencies have taken steps to support biosimilar adoption.

In total, we are seeing increased R&D investments and enhanced pipelines for biosimilar development, as well as strategic partnerships by pharmaceutical companies aimed at this emerging market.



How do biologics fit into this landscape?

When compared with small molecules, biologics have stricter regulatory requirements, higher development costs and more challenging manufacturing processes. Despite these challenges, biologics are beginning to dominate the pharmaceutical marketplace. Of the top 10 most sold drugs in 2022, 60% of sales came from biologics. In 2022, global drug sales from biologics reached $461.74 billion - this is expected to grow at 10.3% annually from 2023 to 2030.

Government policies are also driving investment focus toward biologics. The Inflation Reduction Act of 2022 (IRA) becomes effective on January 1, 2026. The IRA will allow Medicare (MD, USA) to negotiate prices of small molecule drugs 9 years after FDA approval; conversely, biologics will be protected from Medicare negotiations for 13 years.



Roughly 70% of top-selling drugs are biologics. How many are expected to come off patent protection soon and what effects will this have?

Between 04 2024 and 2026, there will be 16 biologics coming off patent protection [8].


	Perjeta from Genentech (CA, USA) for treating HER2-positive breast cancer

	Benlysta from GSK (Brentford, UK) for treating systemic lupus erythematosus

	Cyramza from ImClone Systems Inc. (NY, USA) for solid tumors

	Elelyso from ImClone Systems Inc., for solid tumors

	Elelyso from Protalix (Karmiel, Israel) and Pfizer (NY, USA) for type 1 Gaucher disease

	Jetrea from ThromboGenics (Leuven, Belgium) for symptomatic vitreomacular adhesion

	Kadcyla from Genentech for HER2-positive breast cancer

	Myalept from Amryt Pharmaceutical (London, UK) for dyslipidemia

	Tanzeum from GSK for type 2 Diabetes

	Darzalex from Genmab (Copenhagen, Denmark) for multiple myeloma

	Blincyto from Micromet (acquired by Amgen; CA, USA) for acute lymphoblastic leukemia

	Trulicity from Eli Lilly and Company (IN, USA) for type 2 Diabetes

	Zaltrap from Regeneron Pharmaceuticals (NY, USA) for wet macular degeneration and metastatic colorectal cancer

	Portrazza from Eli Lilly and Company, for metastatic squamous non-small cell lung cancer

	Eylea from Regeneron Pharmaceuticals, for wet macular degeneration and metastatic colorectal cancer

	Arzerra from Genmab for multiple sclerosis



These patent expirations open the door for biosimilars and will drive significant changes to the current market. Biosimilars, like their generic counterparts, foster competition, drive down prices and compel innovation in the pharmaceutical industry. Cost savings associated with biosimilars can be reinvested into healthcare, fund new treatment development and improve patient access, thereby ensuring the sustainability and long-term availability of high-quality care. As biosimilar competitors arise, we expect the relationship between drug cost and the number of competitors to follow similar trends experienced by brand-name small molecules when generic competitors enter the market; that is, drug prices decrease after initial generic entry and continue to decline with each additional competitor. Specifically. we expect significant consumer cost reductions for the treatment of diseases like HER2-positive breast cancer, solid tumors and type 2 diabetes.

It stands to reason that companies owning the original biologic patents will experience some losses in revenue. However, pharmaceutical companies have been preparing for this inevitability and are employing strategies to offset these potential losses, e.g., actively working on new products, improving their pipelines and developing combination therapies.



How do you anticipate biosimilars will be important in the future?

We anticipate that biosimilars will play an increasingly crucial role in the future of healthcare. The growing prevalence of chronic diseases and an aging global population will drive the demand for biologic therapies, making cost-effective alternatives like biosimilars essential. By reducing treatment costs, biosimilars will alleviate financial pressures on healthcare systems, enabling broader patient access to life-saving and life-changing medications. In comparison with small molecule drug generics, biosimilars are still in the very early stages; that is, it has been roughly 18 years since the first biosimilar, somatotropin, was approved by the EMA. Biosimilars have become more well-known and more widely used since the first monoclonal antibody biosimilar, infliximab, was approved by the EMA in 2013. From March 2015 to Sept 2024, the FDA approved 59 biosimilars, with around 24% of them being approved this year.

However, according to a report by Biopharma Trend (Brentford, UK), -45% of all drug discovery start-ups that use or develop specialized Al tools are focused on small molecules, while only -24% are working to develop biologic drugs. The figures are similar for the funds being invested in these firms by venture capitalists [1,9]. Therefore, we would not assert that biologics and biosimilars will dominate the global pharmaceutical market soon. Al-assisted drug development is still in its infancy and we should continue to monitor these trends and evaluate in the coming years.
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ABSTRACT

Introduction: Biosimilars hold the potential to be an integral healthcare component that can significantly improve affordability and thereby accessibility of the otherwise expensive biotherapeutic products. Regulators, payors, and policymakers, each have a major role to play in successful adoption of biosimilars. One of the issues that has been a point of frequent discussion is that of interchangeability of biosimilars.

Areas covered: This article aims to review the position that the major regulatory bodies have taken on interchangeability of biosimilars. Key issues that remain are also discussed. Adalimumab and etanercept have been chosen as real-world case studies to demonstrate interchangeability considerations. The need for gaining global harmonization on interchangeability is highlighted.

Expert Opinion: A global harmonization on the interchangeability can likely accelerate biosimilar adoption and result in better accessibility to biologics. Experience gained with real-world studies supports switching to biosimilars from originators however post-marketing pharmacovigilance should be in place to assess the risk-benefit profile of biosimilars in the long run.
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1. Introduction

In the past few decades, biotherapeutics have dominated the pharmaceutical industry by offering effective solutions to many life-threatening and challenging diseases including oncology and rheumatology. However, they are often associated with very high healthcare costs which can limit patient access [1]. With the patents on most of the top-selling biologics either already expired or soon expiring, development and commercialization of biosimilars have been gradually gaining momentum. Moreover, efforts are being made to facilitate approval of biosimilars by streamlining regulatory policies for registration of these drugs. Major regulatory agencies like the European Medicines Agency (EMA) and the United States Food and Drug Administration (FDA) have already established regulatory guidelines to facilitate approval of biosimilars. The typical approach involves a stepwise comparability exercise and demonstration of similarity between the reference biologic and the proposed biosimilar product. However, a concern associated with adoption of biosimilars has been the issue of interchangeability of the biosimilar with the reference product and of one biosimilar with another especially for products which require repeated administration.

This article aims to review the stance of the major regulatory agencies on the topic of interchangeability of biosimilars. Realworld case studies of approved biosimilars for adalimumab and etanercept have been used to highlight the key points.
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2. Comparability of biosimilars

Biosimilars are biotherapeutic products that are highly similar to the originator products, notwithstanding the minor differences in clinically inactive components and have no clinically meaningful difference in terms of purity, safety, and potency [2]. Biotherapeutics differ from traditional small molecule products (pharmaceuticals) in complexity associated with the structure of the molecule as well as the manufacturing processes used to make them. In the case of small molecule pharmaceuticals, being much simpler products, generic versions are required to only demonstrate identity, purity, and bioequivalence with respect to the reference product. In the case of biosimilars, it is widely accepted that it is impossible to create an identical copy of a biotherapeutic drug, due to the complexity of the molecule, differences in the cell line that the biosimilar manufacturer would be using vs. the innovator, as well as the proprietary manufacturing process [3]. This realization serves as the basis for the extensive characterization and comparability exercises that a biosimilar product has to undergo prior to receiving regulatory approval.

As illustrated in Figure 1, a comparability exercise involves extensive characterization of physicochemical and functional characteristics of molecules with tools that include in vitro analytical testing, nonclinical and clinical comparative pharmacology, toxicology, immunogenicity, and pharmacokinetics (PK) and pharmacodynamics (PD) testing to demonstrate that the quality, efficacy, and safety of the proposed biosimilar is comparable to the reference product [4,5].


Article highlights


	Perspectives of different regulatory bodies on biosimilar interchangeability have been reviewed.

	The effect of switching to biosimilars on safety and immunogenicity profile has been discussed.

	Two case studies, adalimumab and etanercept, have been presented to demonstrate interchangeability considerations.



This box summarizes key points contained in the article.
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Figure 1. Flow chart showing biosimilar comparability exercise train for regulatory approval.

In most regulatory processes, the comparability exercise follows three basic hierarchical steps. Analytical and functional comparability involves assessment of physicochemical and structural attributes as well as biological activity of the biotherapeutic. This serves as the foundation for the overall comparability exercise. It is followed by examination of non-clinical comparability involving use of cell-based assays and other in vitro and pre-clinical studies. The final step involves demonstrating clinical comparability via assessment of efficacy, safety profile (including immunogenicity) and PK/PD characteristics. After demonstrating the comprehensive similarity of the biosimilar with the reference product, its extrapolation to different indications can also be considered upon proper scientific justification to regulatory bodies, if the reference product is being approved for multiple indications [6,7]. Extrapolation is approval of the biosimilar product for an indication that is not studied in a comparative comparability exercise, however, the reference product is being used for it.

The EMA has been at the forefront with respect to development of regulatory pathways for approval of biosimilars, releasing its initial guidance in early 2005 [8,]. The first biosimilar was introduced in the European Union (EU) in 2006 and today the EU has the highest number of approved biosimilars. As of January 2020, there were 64 authorized products in the EU [9]. The US released its regulatory guidance much later in 2015 [10] and the FDA gave its first biosimilar approval to filgrastim-sndz (ZarxioTM) a biosimilar version of filgrastim for the treatment of neutropenia. As of January 2020, there were 26 approved biosimilars on the US market [11].



3. Interchangeability of biosimilars

The term interchangeability is used for medical treatments or medications that are equivalent therapeutically and thus can be safely exchanged in clinical practice. It may imply that a reference product can be replaced with a biosimilar. Switching and substitution have also been used in similar contexts. Switching is referred to when a physician decides to exchange one medicine with another recognized to be therapeutically equivalent. However, substitution implies replacing one drug for another at the pharmacy without requiring consultation with the prescriber or the patient. Generic substitution of small molecule drugs is commonly used today and has been a significant contributor to the fact that around 90% of the prescriptions dispensed today in the US are generics [12]. Implementation of policies such as automatic substitution is likely to significantly drive the uptake of biosimilars and contribute to gradual enhancement in confidence of health care professionals as well as patients in biosimilars. So as not to compromise patient safety, the scientific community has been pondering the following questions:


	Who has the right to interchange biosimilars – prescriber, pharmacist, or patient, and under what conditions?

	Whether there are risks associated with switching back and forth between a biosimilar and its reference product or between two biosimilar products?




3.1. Regulatory guidelines on interchangeability

As mentioned above, the topic of interchangeability has received much attention from the major regulatory agencies across the world [13]. Table 1 summarizes the views of major regulatory bodies on interchangeability and switching.


3.1.1. EMA approach toward interchangeability

EMA considers that biosimilars gain regulatory approval only after a rigorous comparability exercise involving assessment of physicochemical, structural, functional, pharmacokinetic, and pharmacodynamics, efficacy, and safety attributes of the product. It is unlikely that there would be an immunogenic reaction when switching to a biosimilar from a reference product. With this view, EMA treats biosimilars as viable alternatives to reference products. In fact, the EMA has stated that ‘Over the last 10 years, the EU monitoring system for safety concerns has not identified any relevant difference in the nature, severity or frequency of adverse effects between biosimilar medicines and their reference medicines’ [14]. However, the decision on interchangeability falls on the national governments of the individual European Union (EU) countries [14] and EMA does not provide any specific official guidance on interchangeability. Most EU member states do not allow automatic substitution at this time, but do permit prescriber-based switching [15,16].


Table 1. Global perspective on interchangeability and substitution of biosimilars.


	Region
	Guidelines on Biosimilar and Interchangeability
	Approach on switching and substitution





	Europe
	EMA has guidance on biosimilar but does not provide any guidance on interchangeability and switching
	Many EU countries like Germany, UK, Italy allow only prescriber led switching Countries like Norway, France permit automatic substitution in specific circumstances



	North America
	US FDA-Biosimilar and interchangeability guideline in place
Canada-Biosimilar guidelines in place

	Many states in US passed bill for pharmacy led substitution of interchangeable product but with communicating to patient and prescriber Canada promote physician led switching



	Australia
	Biosimilar guidelines in place No guideline on interchangeability
	Physician led switching is promoted Automatic substitution for a flagged biosimilars is permitted



	Asia
	Many Asian countries have biosimilar guidelines in place
No guideline on interchangeability

	Japan and South Korea do not permit automatic substitution at pharmacy level China, Russia, Thailand-No clear policy
India-with no clear policy, automatic substitution is possible




	South America
	Biosimilar guidelines in place in many countries including Brazil, Peru, Argentina, Uruguay No guideline on interchangeability
	Brazil, Venezuela-Automatic substitution not permitted Peru-unrestricted substitution



	Africa & Middle East
	Biosimilar guidelines in place in many countries No guideline on interchangeability
	Saudi Arabia, Egypt, Lebanon, Israel, South Africa- no automatic substitution allowed





In the United Kingdom, the British Biosimilar Association recommends switching to less expensive biosimilar medicine at the prescriber level in light of the scientific evidence, but not for substitution at the pharmacy level [17]. The German Federal agency (Paul Ehrlich Institute) also promotes switching between biosimilars and reference products with proper clinical monitoring, leaving the decision to the physician [18]. Similar regulations on biosimilar switching are recommended in Norway (The Norwegian Medicines Agency, NoMA), and Finland (The Finnish Medicines Agency) but none allows automatic substitution. However, in 2017 NoMA proposed an amendment in its Pharmacy Act to include automatic substitution [19].

The Medicine Evaluation Board of Netherlands encourages biosimilar prescriptions for new patients but switching between reference biologicals and biosimilars or between biosimilars of the same reference biologic has to be decided by physicians along with the involvement of pharmacist and the patient, and adequate clinical monitoring is required. To foster use of biosimilars, France is the first European country to explicitly permit substitution of biosimilars [20]. Pharmacists in France are allowed to substitute a biosimilar for the prescribed reference biologics under certain conditions such as the beginning of a treatment course and only when it is not marked as ‘non-substitutable’ by the prescriber.



3.1.2. FDA approach toward interchangeability

In the US, the Biologics Price Competition and Innovation (BPCI) Act established the approval pathway for biological products including biosimilars [21]. The federal law differentiates the approval of biological products in two categories, firstly the evidence of similarity with reference biologics to be called ‘biosimilars’, and secondly a category of ‘interchangeable biosimilars’ which requires studies having multiple switches between the proposed biosimilar and the reference molecule. Unlike the EMA, the FDA has a more conservative approach toward interchangeability, with US being the only country in the world to recognize biosimilars and interchangeable products as two different registration categories. Although FDA unveiled its biosimilar guidance in 2012 and approved its first biosimilar Zarxio™ (filgrastim-sndz) in 2015, it was not until May 2019 that the interchangeable biosimilar guidance was finalized – ‘Considerations in demonstrating interchangeability with a reference product’ [22]. The Purple Book, released by FDA, is a resource listing innovator biological products, biosimilars, and interchangeable biological products, as per the Public Health Service Act (the PHS Act) 351(k) [23].

For a product to be considered an interchangeable biosimilar, the FDA requires the sponsor to perform a clinical study or studies involving multiple switches to demonstrate that the risk in terms of side effects or that of diminished efficacy is not greater than the risk of using the reference product without such switching. A switching study or studies should evaluate changes in treatment that result from two or more alternating exposures (switch intervals) to the proposed interchangeable product and to the reference product [22]. The product designated as interchangeable by the FDA can be substituted with its reference product at the pharmacy level without any intervention of prescribing medical practitioner subject to state law.

The key points recommended by the FDA for such a switching study are as follows:


	For designing a switching study, a study should have
two-arms, with one arm incorporating switching
between the proposed interchangeable product and
the reference product (switching arm) and the other
receiving only the reference product (non-switching
arm).

	The switching arm should incorporate at least three
switches and the final switch should be from the reference
product to the proposed interchangeable product.

	The study should include a PK or a PK/PD study.



In the switching study, it is recommended to use patients that mimic the usage of the interchangeable product in a realworld scenario. With proper technical justification, however, sponsors may conduct switching studies in a patient population that is different from that used to support licensure of the reference product, or in healthy subjects. FDA requires proper scientific justification if sponsor thinks that data from the switching study are not necessary for their proposed product. The guidance also states that biologic products that are administered only once to patients do not require switching study. It should be noted that currently there are no biosimilar products in the US for which the interchangeable biosimilar approval has been pursued. In view of this, a number of states in the US have passed bills to address substitution of interchangeable products. Forty five states in the US have made laws that authorize pharmacists to dispense interchangeable products but not without communicating to patients and prescribers. Moreover pharmacists cannot provide biosimilar products if the prescriber has prohibited switching in the prescription. States including Alabama, Arkansas, Maine, Mississippi, Oklahoma, and the District of Columbia have not passed any bill on biosimilar substitution[24,25].



3.1.3. Views of other major regulatory and advisory bodies on interchangeability

In 2009, the World Health Organization (WHO) developed a set of global or non-country specific guidelines for similar biotherapeutic products (SBPs) or biosimilars to assist and ensure that local regulatory bodies adhere to international standards [26]. These guidelines capture the basic principles that should be considered mandatory to assure safety, efficacy, and the quality of biosimilars. Interchangeability and substitution of reference biologics with similar biologics was a topic that was left for the national regulatory authority to decide.

The Australian government policy also follows the path of European countries and endorses the usage of biosimilars for first-time or treatment-naïve patients and established patients, with the switching rights allotted to physicians. The Australian Pharmaceutical Benefits Advisory Committee (PBAC) determines the interchangeability for biosimilars on a case-by-case basis, and only the ‘a-flagged’ biosimilars are permitted automatic substitution at the pharmacy level [27]. As of March 2020, some biosimilars for filgrastim, rituximab, insulin glargine, infliximab, and etanercept are a-flagged and can be substituted.

In Canada, the Canadian Agency for Drugs and Technologies in Health (CADTH) is implementing policies for increasing uptake of biosimilars (such as reimbursement policies). In British Columbia, patients taking reference biologics for rheumatology indications or diabetes must be switched to a biosimilar in the publicly funded Pharma Care program [28]. Similar programs to switch patients to biosimilars have been approved in Alberta and Ontario [29]. However, the Canadian law supports an individualized, patient-based approach, and physicians need to have consent from patients for switching [30].

,While the Japanese Pharmaceuticals and Medical Devices Agency (PMDA) does not provide any specific guidelines on interchangeability, the naming policy prohibits substitution at the pharmacy level [31]. The Japan Biologics Committee allows for physician-led biosimilar switching, taking into consideration the patient’s individual need and ongoing treatment status [32].

Countries like China, Korea, and India have also established their respective biosimilar regulatory guidelines. The guideline for evaluation of biosimilars in the Republic of Korea (South Korea) was established in 2009 by the Ministry of Food and Drug Safety [33]. The Central Drugs Standard Control Organization in India released its guideline on similar biologics in 2012 [34]. Finally, the Center for Drug Evaluation in China released the guidance for biosimilars in 2015. However, none of the three guidelines addresses the topics of interchangeability or switching.

Different professional societies in USA and Europe advocate prescriber-led switching. Position statement on biosimilar substitution by number of societies has been summarized in Table 2 [35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47 and 48]. Most professional organizations support that the decision to substitute medications should only be made by the prescribing provider as the treating provider has the clinical experience, knowledge of disease, and access to relevant patient-specific data to make informed decisions.




3.2. Other considerations for interchangeability of biosimilars


3.2.1. Clinician perspective- safety-related concerns

A key stakeholder for fostering the uptake of biosimilars is the physician. A survey of oncologists reported that in general the physicians do not have adequate knowledge about the various aspects of biosimilars such as their definition, approval process, indication extrapolation, and interchangeability [49,50]. The major concern among physicians is the immunogenicity risk associated with biosimilar switching [51,52]. Because biologic drugs are mainly protein or glycoprotein moieties, a subtle difference in their structure could induce an immune response, thereby compromising the safety or efficacy of the drug. Further, the formation of anti-drug antibodies in patients due to previous exposure to the reference molecule is also an important factor to be considered.



3.2.2. Patient perspective-Nocebo effect

One factor that may lead to problems with acceptance of biosimilars by patients is the Nocebo effect. The Nocebo effect is the development of adverse effects or worsening of the patient’s condition that occurs in response to treatment but is unrelated to the specific pharmacological action of the drug. The Nocebo effect occurs if patients believe that there may be side effects, and this leads to them actually experiencing them [53]. An online survey conducted by the European Federation of Crohn’s and Ulcerative Colitis Association (EFCCA) reported that only 38% of patients were aware of biosimilars and twothird of the respondents were concerned about safety and efficacy of biosimilars [54]. The Nocebo effect can impair the quality of treatment and reduce the patients’ adherence to the treatment. A study measured safety and effectiveness of infliximab biosimilar implementation with emphasis on nocebo response and patient acceptance. A 12.8% nocebo response was observed after switching to biosimilar from originator infliximab in six month duration [55]. Thus, successful adoption of biosimilars hinges on ensuring that the patients have access to clear and impartial information about interchangeability so that they can make a fully informed decision [56]. The regulatory process for registration of biosimilars should preclude there being any actual clinical differences in efficacy and safety between the reference product and the biosimilar. Thus, patient education on the process and experience with biosimilars should help to circumvent this obstacle to adoption [57,58].


Table 2. Position statement of different professional societies on biosimilar substitution.


	Society
	Position statement





	ACR
	Decision to substitute a biosimilar product for reference should be made only by the prescribing provider



	AAD
	Prescribing physician need to provide explicit permission to the pharmacist that a biosimilar may be used as a substitute to the original therapeutic or biologic medication



	ASCO
	Physician choice should not be restricted for choosing biologic products in the best interest of patients.



	ESMO
	Switching is permitted if physician is well versed with product and patients are being informed about switching



	EULAR
	Switching should be shared decision between prescriber and patient. Switching should not be done against patient’s decision just to reduce cost.



	ECCO
	Switching should be performed after discussion between physicians, nurses, pharmacists, and patients, and as per national recommendation.



	ESPGAN
	Multiple switches (>1 switch) between biosimilars and reference drug are not recommended in children Physicians should keep records of all biological medicines administered.



	IDF Europe
	Patients well managed on an existing insulin should not be changed to another insulin formulation, including biosimilars, without good clinical reason and evidence of interchangeability. Person’s preference should be considered in the choice of biosimilar insulins



	BSG
	Prescriber should discuss with patients before switching with explaining reason and benefits of switching



	SEPD
	Physician should clearly interact with patient before using biosimilar



	Portuguese Psoriasis
	Decision for substitution to a biosimilar product should only be made by the prescribing physician and automatic substitution is strongly objected



	SER
	Substitution is a medical decision that should be made by the prescribing physician and with patient consent



	SIR, SIDeMaS, & IGIBD
	Switching should be clinician’s responsibility to choose whether to switch from an originator to a biosimilar, based on patients’ characteristics





Abbreviations: ACR- American College of Rheumatology, AAD- American Academy of Dermatology, ASCO- American Society of Oncology, ESMO- European Society for Medical Oncology, EULAR- European League Against Rheumatism, ECCO- European Crohn’s and Colitis Organization, ESPGHAN- European Society for Pediatric Gastroenterology Hepatology and Nutrition, IDF- International Diabetes Federation, BSG- British Society of Gastroenterology, NRAS- National Rheumatoid Arthritis Society, SEPD- Spanish Society of Gastroentrology, SER- Sociedad Espanole de Reumatologia, SIR- Italian Society of Rheumatology, SIDeMaST- Italian Society of Dermatology, IG-IBD- Italian Group of Inflammatory Bowel Disease





4. Real-world clinical evidence from switching: adalimumab and etanercept as case studies

Clinical studies can create value in understanding the effect of switching to a biosimilar from a reference product. Here, we assess the available switching data in literature for the TNF biologics etanercept and adalimumab with their respective biosimilars. Five TNF-targeting drugs are currently approved including infliximab, etanercept, adalimumab, golimumab, and certolizumab pegol, for autoimmune inflammatory diseases indications. A number of biosimilars have been approved for the products infliximab, etanercept, and adalimumab [59,60] and are under development for golimumab and certolizumab. Infliximab is one of the first few biotherapeutic products for which biosimilars were approved by EMA and FDA (Figure 2). Ample data available on infliximab and a number of systematic reviews already have assessed the effect of infliximab switching to its biosimilar [61, 62, 63, 64 and 65]. In this section we summarize experiences with etanercept and adalimumab with respect to interchangeability. To achieve this, a search was conducted on PubMed with the search terms: adalimumab, etanercept, biosimilar, switching, and clinical study to identify relevant articles. Only full published articles were considered and opinion, notes, and abstracts were excluded. Studies were mainly classified into randomized controlled trials and observational studies.


4.1. Adalimumab
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Figure 2. Timeline showing approved biosimilars of Infliximab by EMA and FDA.

Humira, the originator adalimumab product, was approved by the FDA and EMA in 2002 and 2003, respectively. Since then, it has been commonly used for treatment of inflammatory diseases such as rheumatoid arthritis, juvenile idiopathic and psoriatic arthritis, ankylosing spondylitis, psoriasis, Crohn’s disease, and ulcerative colitis. With the expiration of its core patent, several biosimilars were approved for adalimumab by the EMA and the FDA (Figure 3).
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Figure 3. Timeline showing approved biosimilars of Adalimumab by EMA and FDA.

Upon assessment of regulatory dossier of these biosimilars for EMA [66, 67, 68, 69, 70 and 71] and FDA [72, 73, 74, 75, 76 and 77] approval, most of these had randomized, double-blind, parallel arm, or cross over arm clinical study designs to prove their equivalence with the originator. Clinical studies were mostly conducted on subjects with rheumatoid arthritis or psoriasis. However, market launch of these biosimilars is delayed in USA until 2023 due to patent thicket and pay for delay deals. AbbVie has secured around 136 patents on Humira to sheath it from launch of biosimilars and 49% of patents were filed after its expiry of its core patent. Further, AbbVie made settlement deals with biosimilar manufacturers to stay away from the market for a specific period of time [78].

In the literature search for adalimumab, fifteen studies were identified with a switch from the originator adalimumab to its one of its biosimilars (Supplementary Figure 1a). Table 3 presents an overview and results of these studies. Many of the studies were phase III clinical trials and were part of the biosimilar development program.

Clinical studies reported with biosimilars including ABP 501, SB5 and BI695501, MSB11022 had either a parallel arm design or included only a single switch from the reference product [79, 80, 81, 82, 83, 84, 85, 86 and 87]. Blauvelt et al. carried out a multiple switch study with biosimilar GP2017 to assess efficacy and safety [88]. In this 51- week phase 3 trial, patients received either GP2017 or adalimumab for 17 weeks, then patients were randomized again to either continue the same drug or alternate between reference product and biosimilar every six weeks until week 35. The primary efficacy measure, PASI, improved with time and was similar between switched and continued groups from weeks 17–51. No clinically relevant safety or immunogenicity differences were observed between GP2017 and the reference biologic at week 16, or between the switched or continued groups from weeks 17 to 51.

An open-label, single-arm extension study with the ABP501 biosimilar was conducted to further assess its safety and efficacy in patients with RA over a 72 week period [89]. Patients from the parent study were randomized in a 1:1 ratio to receive either ABP 501 or adalimumab reference product. No significant differences were observed in efficacy measures assessed with ACR20 and the change in DAS28- CRP in either group. The percentage of patients who reported the occurrence of an adverse event was similar in both groups, either continued on ABP 501 (62.4%) or switched from the reference product to ABP 501 (65%). Since adalimumab biosimilars were only launched in Europe in 2018, three real-world studies have been reported on switching to adalimumab biosimilars, two of which were with the SB5 biosimilar and one with ABP 501 [90, 91 and 92]. All three observational studies reported similar efficacy and safety profiles with switching. However, these studies were done with small numbers of patients and with only 6 month follow-up.



4.2. Etanercept

Etanercept is a biological drug widely used for indications like rheumatoid, juvenile rheumatoid and psoriatic arthritis, plaque psoriasis, and ankylosing spondylitis. Enbrel®, the originator product of etanercept, was approved by the FDA in 1998 and by EMA in 2000. Figure 4 shows the timeline for the various biosimilars approved for etanercept by the EMA and FDA. Clinical studies of Benepali and Erlezi submitted to EMA had randomized, double-blind, parallel arm, or cross over arm study designs to prove their equivalence with the originator [93,94]. Same clinical studies were also submitted to FDA for approval in US along with PK and safety data to prove comparability in biosimilar and US-approved Enbrel and EUapproved Enbrel [95,96].

A total of 18 publications were identified in a literature search of etanercept switching to its biosimilar (Supplementary Figure 1b). Table 4 summarizes the results of these studies. Five were randomized controlled trials, with the remainder being either open-label extension or observational studies. The randomized control study reported with biosimilars SB4, LBEC0101, and YLB113 having single switch did not demonstrate any safety and efficacy issues in patients with rheumatoid arthritis [97, 98 and 99]. Two studies were reported with GP-2015 for indications of psoriasis and rheumatoid arthritis with single and multiple switches, respectively [100,101]. Single switch study did not demonstrate any significant impact on efficacy and safety upto 48 week study period [100]. In the EGALITY study, researchers assessed the effect of multiple switching between etanercept reference biologic and the biosimilar in a multicentre study [101]. The study evaluated the effect of three treatment switches at 6-week intervals on efficacy, safety, and immunogenicity, and found no significant impact from switching measured by psoriasis area and severity index (PASI) scores. Adverse events like injection site reaction were observed but were comparable between groups.


Table 3. Summary of switching studies with Adalimumab reference and biosimilar.


	Study
	Biosimilar
	Indication
	Study design & Patients
	Efficacy
	Adverse event





	Controlled Trial Papp K et al 2017 [79]
	ABP 501
	PsO
	Randomized, doubleblind, phase III trial 350 patients Single switch
	-Percent improvements in PASI from baseline were similar across groups from week 16 to week 50

-No significant differences across groups in percentages of PASI 50, 75, 90 and 100 responders.

-Changes from baseline in percent BSA were similar across groups

	-Percentage of patients who experienced AEs or developed ADAs and neutralizing antibodies were similar across groups over entire 52 weeks of treatment



	Cohen S et al 2017 [80]
	ABP 501
	RA
	Randomized, doubleblind, phase III equivalence study 526 patients
	-ACR20 response at week 24 was 74.6%) and 72.4% in ABP 501and adalimumab group respectively.

-Changes from baseline in DAS28-CRP, ACR50 and ACR70 were similar between groups.

	-AEs were similar in the ABP 501 and adalimumab groups (50.0% and 54.6%, respectively).

-38.3% (ABP 501) and 38.2% (adalimumab) of patients tested positive for binding antidrug antibodies




	Weinblatt M E et al 2018 [81]
	SBS
	RA
	Randomized, doubleblind, parallel-group 542 patients Single switch
	-ACR response rate, DAS28, SDAI, and CDAI demonstrated comparable trends across all treatment groups.

-Radiographic results were comparable across all treatment groups.

	-Patients having any treatment-emergent AEs were comparable among the SB5/SB5 (32.3%), ADA/SB5 (37.6%), and ADA/ADA (33.1%) groups.

-Incidence of ADAs were also comparable across groups after transition at week 24, 15.7% in the SB5/SB5 group, 16.8% in the ADA/SB5 group, 18.3% in the ADA/ADA group




	Cohen et al 2018 [82]
	BI 695,501
	RA
	Double-blind, parallelgroup, equivalence study 645 patients Single switch
	-From baseline to week 48, DAS 28-ESR and ACR20/ACR50/ACR70 response rates were similar across the switched, continuous BI and continuous Humira groups.
	-Percent of patients reporting ADAs and AEs were similar across groups.



	Hercogova J et al 2017 [83]
	MSB11022
	PsO
	Randomized, doubleblind, phase III equivalence study 443 patients Single switch
	equivalent efficacy between treatment arms
	No notable difference in treatment-emergent AEs and no new safety signals were observed



	Wiland P et al 2020 [84]
	SDZ-ADL (GP- 2017)
	RA
	Phase III, randomized double-blind study 353 patients Single switch
	-Mean DAS28-CRP score were similar between the SDZ-ADL and ‘ref-ADL /switched SDZ-ADL’ group
	-Incidence of AEs and injection-site reactions were low and similar between groups



	Edward C et al 2019 [85]
	MSB11022
	RA
	Phase 3, randomized, double-blind, parallel group 288 patients
	- No clinically significant differences in efficacy, quality of life, or immunogenicity were seen between treatment arms up to week 52
	- No notable difference in the incidence of treatment-emergent adverse events



	Genovese MC et al 2019 [86]
	FKB327
	RA
	Randomized, doubleblind, Phase III, parallel-arm 730 patients
	- ACR20 response was comparable between the treatment groups from week 2 to week 24

- Comparable ACR response and mean DAS28-CRP were observed in extension study

	- Patients with samples positive for neutralizing ADAs were comparable at week 24

- No consistent difference in ADA were seen between continuous and switched treatments




	Su J et al 2020 [87]
	HS016
	AS
	Randomized, doubleblind, Phase III, parallel-arm 648 patients
	- No significant difference in the ASAS20 response rates at 24 weeks between two groups
	-Rate of TEAEs were not significantly different between the two groups



	Blauvelt A et al 2018 [88]
	GP2017
	PsO
	Double-blinded, phase III 465 patients Multiple switch
	-PASI absolute and percent changes from baseline improved over time and were similar between treatment groups.
	-No relevant differences between the switched and continued treatment groups with respect to the AEs and immunogenicity during Week 17–51.

-Upon switching, hypersensitivity toward adalimumab was not reported




	Observational study Cohen S et al 2019 [89]
	ABP 501
	RA
	Single-arm, open-label extension 466 patients
	-Percentages of ACR20 responders were comparable in both groups either transitioned from adalimumab to ABP 501 and the group that continued on ABP 501.

-DAS28-CRP was maintained throughout the period and was similar among both groups.

	-Percentages of patients reported AEs were similar in the group 65% in transitioned from adalimumab RP to ABP 501 and 62.4% in group that continued on ABP 501.

-Overall, 18.2% of subjects developed binding ADAs and 6.9% developed neutralizing ADAs in the OLE study.




	Ribaldone DG et al 2020 [90]
	ABP 501
	CD
	Observational study 87 Patients
	−95.2% of patients switched to ABP 501 were still in therapy at 6 month without significant increase of clinical activity and inflammatory biomarkers.
	-No unexpected adverse events occurred during the study.



	Lukas M et al 2020 [91]
	SBS
	CD
	Observational study
	-No difference in disease activity in switch and originator group at week 10.
	-No new safety signal. Adalimumab serum level remain stable



	Bruni C et al 2020 [92]
	SBS
	RA, axSpA, PsA and JIA
	Observational study 82 patients
	-Significant increase in PtGA, VAS and TJC pain at 3 months were observed, while at 6 month scores were not statistically different from baseline.
	−33.7% patients at 3 months and 16.6% patients at 6 months reported adverse events mostly related to disease flares and infectious events.





Abbreviations: PsO psoriasis, RA rheumatoid arthritis, AS ankylosing spondylitis, AxSpA axial spondyloarthritis, CD Crohn’s disease, JIA juvenile idiopathic arthritis, PASI Psoriasis Area and Severity Index, ACR American college of Rheumatology, DAS disease activity score, ESR erythrocyte sedimentation rate, TJC tender joint count, PtGA VAS visual analog scale patient global assessments, AE adverse events, ADA antidrug antibody

An open-label extension study of a phase III multicentre, randomized clinical trial conducted in Korean patients reported on the long-term efficacy and immunogenicity of switching to LBEC0101 (biosimilar) from the etanercept reference drug [102]. The study had two groups- the maintenance group comprised patients who had received LBEC0101 in the preceding clinical study and continued to receive LBEC0101, and the switch group comprised patients who had received the reference etanercept in the preceding double-blind study and switched to the biosimilar LBEC0101. The 28-joint disease activity scores, erythrocyte sedimentation rate, and American College of Rheumatology response rates were well sustained throughout the extension phase from week 52 to week 100. Similarly safety and immunogenicity profiles were observed in the extension study period, with no new concerns.

Since SB-4 was approved in 2016, twelve real-world studies were identified (three were open label and eight were observational studies) [103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113 and 114]. Studies demonstrated comparable efficacy and safety profile of SB-4 and etanercept. However, some studies reported discontinuation of therapy and adverse events but were mainly nonspecific to disease such as injection site reaction, headache, etc. A study conducted in Denmark included experience with a large number of patients [106]. Denmark issued a national guideline for switching to SB-4 from etanercept, as the price of the biosimilar was 49% less. DANIBO, a nationwide registry of biological therapies in Denmark, identified 2061 patients, out of which 79% of patients switched to SB-4. Switching did not cause any negative impact on the safety and efficacy of the drug. Further, 7% of patients were reverse-switched to the reference etanercept because of subjective reasons. One out of five patients did not switch to biosimilar despite mandatory guidelines, highlighting the importance of patientcentric factors rather than drug effects on switching decisions.

A systematic review of the etanercept biosimilar SB-4 demonstrated the efficacy of the biosimilar without loss of safety and tolerability upon switching. The authors did highlight the importance of patient education for fostering acceptance of biosimilars [115].

In addition to these studies, there have been reviews of the efficacy and safety of switching with biosimilars to reference products. The first was a systematic review of publications that included a switch from a reference product to a biosimilar. Of 90 studies including over 14,000 patients and the use of seven different molecular entities used to treat 14 diseases, the cumulative results did not show significant differences in immunogenicity, safety, or efficacy [116]. A more recent analysis of 178 studies on switching from a reference product to its biosimilar or vice versa failed to demonstrate that switching is associated with any major efficacy, safety, or immunogenicity issues. However, in some open-label observational studies, there was an increased discontinuation rate, which was attributed to the Nocebo effect [117]. With the growing number of biosimilars, a study assessed evidence specifically on switching multiple times from reference product to biosimilar or from biosimilar to another biosimilar. The authors concluded that there was no significant concern over safety and efficacy. However, available evidence is too limited to rule out the possibility of any safety and immunogenicity concerns [118].
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Figure 4. Timeline showing approved biosimilars of Etanercept by EMA and FDA.




5. Conclusions

With the introduction of biosimilars, improvement in afford-ability and accessibility is anticipated compared to reference biologics due to the cost differential between the originator biologic and the biosimilar. However, one of the barriers to the adoption of biosimilars is the concern regarding switching from the reference biologic. Regulatory bodies in different countries have different perceptions toward interchangeability and substitution of biosimilars. Controlled and real-world studies of the safety and efficacy of biosimilars have not demonstrated any significant negative impact upon switching to biosimilars from reference molecules. Given the limitations associated with studies conducted so far, physician-led switching should be allowed and promoted with appropriate phar-macovigilance measures in place. Physicians and patients should be educated to increase their confidence in biosimilars, as that will drive biosimilar adoption and the promise of cost effectiveness will be achieved.



6. Expert opinion

The primary motivation behind development and commercialization of biosimilars is to improve access to costlier biological therapies by offering more affordable alternatives. Biosimilars are large complex biomolecules that are derived from living organisms and this makes it difficult for companies to manufacture them as well for regulators to assess them with respect to safety, efficacy, and product quality. Regulatory bodies around the world have established legal frameworks and processes for approval of biosimilars that require head to head comparability studies to demonstrate similarity between the biosimilar and the reference biologic with respect to structural and physicochemical attributes, functional activity, pharmaco-kinetics, and pharmacodynamics. Although specific regulatory pathways for biosimilars may vary across jurisdictions, they are quite aligned in terms of the proposed approach.

However, a key question to ponder is if the data from the comparability exercise are enough to demonstrate interchan-geability between a biosimilar and its reference product. Unlike with generic drugs, where substitution at the pharmacy level is allowed, the approach toward permitting interchange-ability for biosimilars varies widely across the globe. Figure 5 illustrates the stance of the various countries toward inter-changeability or substitution.

At one end, for approval as an interchangeable product, the FDA requires dedicated clinical studies that have multiple switches between the reference product and biosimilar [23]. Biotherapeutic companies argue that such dedicated switching studies with a control arm would require a large number of patients and will incur high cost, thereby calling into question the economic justification for such studies. Contrarily, EMA supports interchangeability based on the outcome of the comparability study, and thus deems approved biosimilar to be interchangeable with reference biologic under supervision of a healthcare provider. EMA identifies interchange-ability as a scientific or medical term and not a legal term and it has given the authority to the national authorities to decide on interchangeability [13].

In most EU countries, physician-led switching is allowed, and in some countries like Germany, Norway, France, and Australia, they also encourage use of biosimilars for treatment-naive or new patients as well as allow switching in established patients undergoing treatment with a reference biologic with the consent of the patient. In the US, many states permit automatic substitution for biosimilars that are approved as interchangeable by the FDA, except in those cases where the physician prohibits such substitution. Few countries in the Asia Pacific, Sub-Saharan African, and the Middle East and North Africa regions have developed guidelines for biosimilars and hence, they do not yet have a position on interchange-ability. While regulation and practices currently vary by country and region, global harmonization on the interchangeability of biosimilars could allow all stakeholders to benefit from a common approach and therefore increased evidence to support the safety of this practice. This would likely accelerate the adoption of biosimilars and result in improved access to therapy and lower costs.

Several clinical studies are being conducted to assess the efficacy of switching to biosimilars from reference drug in a real-world cohort. The accumulated comprehensive systemic clinical studies on biosimilar switching on adalimumab and etanercept have demonstrated therapeutic equivalency of these biosimilars as compared to their originator biologic. Two large systematic reviews of studies with switching arms between reference products and biosimilars involving multiple molecular entities have failed to find any significant negative impact [116,117].


Table 4. Summary of switching studies with Etanercept reference and biosimilar.


	Study
	Biosimilar
	Indication
	Study design & Patients
	Efficacy
	Adverse events





	Controlled Trial
	
	
	
	
	



	Emery P et al 2017 [97]
	SB4
	RA
	Phase III, randomized, double-blind parallel group 596 patients
	-ACR20, 50 and 70 response rate at week 24 were comparable between SB4 and ETN groups
	-Incidence of AEs was comparable between groups. -Incidence of ADAs development up to week 24 was lower in SB4 compared with ETN (0.7% vs 13.1%)



	Matsuno H et al 2017 [98]
	LBEC0101
	RA
	Phase III, randomized, double-blind, parallel-group 374 patients
	-Mean changes from baseline in DAS28-ESR at week 24 were within the pre-specified equivalence margin-Similar ACR20 response rates at week 24 between the groups (LBEC0101 93.3% vs ETN-RP 86.7%)

	-Incidence of AEs up to week 54 were comparable between the groups (LBEC0101 92.0% vs ETN-RP 92.5%) -Most of the AEs were mild in severity -Fewer patients in the LBEC0101 group (1.6%) than the ETN-RP group (9.6%) developed ADAs



	Yamanaka H et al 2019 [99]
	YLB113
	RA
	Phase III, randomized, double-blind, parallel-group 528 patients
	- ACR20/50/70 response rates were also comparable between the two groups-No significant differences in the DAS28-CRP or DAS28-ESR score reduction were observed between treatment groups

	- Incidence of AEs leading to discontinuation was comparable between arms (YLB113, 1.7%; RP, 1.7%) - Incidence of antidrug antibody development to week 24 favored YLB113



	Jaworski J et al 2019 [100]
	GP 2015
	RA
	Phase III, randomized, double-blind 376 patients Single switch
	-Change in DAS28-CRP from baseline up to week 48 was comparable between continued SDZ ETN and switched to SDZ ETN groups. -DAS28-ESR and ACR20/50/70 response rates were also comparable between the two groups.
	Percentage of patients reporting adverse event was 42.9% in the continued SDZ ETN and 38.0% in the switched to SDZ ETN groups.



	Griffiths CEM et al 2017 [101]
	GP 2015
	Plaque-PsO
	Randomized, double-blind 531 patients Multiple switches
	-The difference in PASI 75 response rates at week 12 between GP2015 and ETN within predefined margin range.-Percentage changes from baseline in PASI score at all time points were comparable between the groups up to week 52.

	-Incidence of AEs up to week 52 was comparable between continued GP2015 (59.8%) and ETN (57.3%)



	Observational study
	
	
	
	
	



	Park MC et al 2019 [102]
	LBEC0101
	RA
	Open label extension 148 patients
	-DAS28-ESR were maintained in both groups from week 52 to week 100. -ACR response rate at week 100 for the maintenance vs. switch groups were 79.7% vs. 83.3%
	-Incidence of adverse events in maintenance and switch groups 70.0% and 70.5% and ADAs were 1.4% and 1.3%, respectively



	Bonifati C et al 2019 [103]
	SB4
	PsA
	Open label 87 patients
	-At 1 year, 87.3% patients maintained a cDAPSA≤ 13 after switching from reference
	-10 (11.5%) patients discontinued treatment with biosimilar, 7 withdrew due to lack of effectiveness and 3 due to side effects



	Tweehuysen L et al [104]
	SB4
	RA, AS, PsA
	Open label 625 Patients transition cohort 600 patients historic cohort
	-Treatment persistence rate at 6 months for biosimilar SB4 in the transition cohort and originator ETN in the historical cohort were 90% and 92% respectively -No clinical relevant difference in disease activity
	-Patients in the transition cohort, compared to the historical cohort, had a statistically significantly higher relative risk of treatment discontinuation



	Emery P et al [105]
	SB4
	RA
	Open label extension 245 patients
	-ACR20 response rates at week 100 were 77.9% and 79.1% in SB4/SB4 and ETN/SB4 respectively
	-At week 52, rates of treatment-emergent adverse events were 47.6% (SB4/SB4) and 48.7% (ETN/SB4)



	Glintborg B et al 2019 [106]
	SB4
	RA, AS, PsA
	Observational cohort study 2061 patients
	-Disease activity and flare rates were comparable at 3 months pre-switch versus post-switch-During follow-up, 18% of switchers and 33% non-switchers withdrew from treatment with SB4 and ETA, respectively. Lack of effect was the most common reason for withdrawal.

	-No major safety signals in switchers and AEs reported mainly nonspecific



	Codreanu C et al 2019 [107]
	SB4
	RA
	Real life National cohort 242 patients
	-Mean improvement in DAS28-ESR from baseline was 2.6 and 2.5 at week 24 in SB4 and ETN group respectively
	-AE - 11 & 12 adverse events reported in the ETN and SB4 subgroup respectively.



	Madenidou AV et al 2019 [108]
	SB4
	Arthritis
	Retrospective Observational 104 patients
	-26.4% of patients with SB4 switched back to Enbrel® within 6 months. Reasons of withdrawal were lack of efficacy (58%), adverse events (32%), infection (5%) and difficulty using the pen device (5%)
	-AE were headache, dyspnea, weight gain, hair loss, rash and fatigue



	Pescitelli L et al 2019 [109]
	SB4
	PsO, PsA
	Observational 44 patients
	-In switching group, No significant difference in terms of DAS 28 before and after switch, and PASI improved significantly
	-Injection site-reaction to SB4 was observed in 4 patients in switching group.



	Felis-Giemza A et al 2019 [110]
	SB4
	RA, PsA, AS
	Observational 168 patients
	-85.2% of patients well tolerated etanercept biosimilar, whereas 14.8% switched back to the originator due to the occurrence of AEs or LoE
	-AEs or LoE after switching from the etanercept originator to the biosimilar were more common in women than in men (75%, 18/ 24 vs. 50.7%, 70/138), and were more common in patients with RA than in other indications



	Sigurdardottir V et al 2019 [111]
	SB4
	RA
	Cohort 143 Patients
	-Retention rate of the biosimilar at 6, 12, 18 months was 90%, 78% and 69% respectively.
	-Patients' preference were for reference product, as 19 of 143 patients re-switched without any objective signs of disease worsening



	Ditto MC et al 2020 [112]
	SB4
	RA, PsA, AS
	Cohort 87 patients
	-No significant differences in efficacy parameters after the switch from originator drugs to biosimilars
	-12.6% of patients stopped the treatment after switch to biosimilar drugs due to LOE, subjective features and adverse event



	Scherlinger M et al 2018 [113]
	SB4
	RA Spondyloarthritis
	Real life
	-Primary switch acceptance rate was 92% and real SB4 switch rate was 85%
	-Patients primary refusing the switch were more likely to report a bad opinion on generics



	Bruni C et al 2020 [114]
	SB4
	RA, PsA, AS
	Real life 220 patients
	- Cumulative SB4 treatment persistence was 99.1%, 88.6% and 64.6% at 6, 12 and 18 months respectively
	- 22.7% patients exhibited at least one adverse event, with 16.4% disease flares and 13.6%: safety and loss of efficacy





Abbreviations: PsO psoriasis, RA rheumatoid arthritis, AS ankylosing spondylitis, AxSpA axial spondyloarthritis, CD Crohn's disease, PsA psoriatic arthritis, PASI Psoriasis Area and Severity Index, ACR American college of Rheumatology, DAS disease activity score, ESR erythrocyte sedimentation rate, cDAPSA clinical disease activity index for psoriatic arthritis, AE adverse events, ADA antidrug antibody, LoE lack of efficacy
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Figure 5. The global landscape for interchangeability and substitution of biosimilars. (1) Restricted interchangeability or substitution [green], (2) Unrestricted substitution [blue], (3) No substitution [red], and (4) No clear law for either interchangeability or substitution known for biosimilars [yellow]. Countries that are yet to develop regulatory guidelines for approval of biosimilars are shown in gray color.

However, these studies do not rule out the possibility of any adverse events or increase in treatment discontinuation. Some of the studies where these have been observed have attributed this to the nocebo phenomenon. Nevertheless, limitations exist in the clinical studies that have been performed thus far:


	Most studies do not have a control arm with patients taking the reference product.

	Larger studies are required to exclude and identify rare adverse events.

	Longer term follow-up is required to conclusively determine the impact of switching.

	Very few studies have investigated the effect of multiple switching between biosimilar and originator and switching between two biosimilars. Safety, efficacy, and immu-nogenicity concerns can be potentially greater with switching multiple times or multiple products.



Immunogenicity has been a major concern associated with switching to biosimilars and could be influenced by many factors such as route of administration, patient’s genetic map, quality of the drug, percentage of aggregates present in the drug, and post-translational modifications. Since biosi-milars are very sensitive to manufacturing and environmental factors, there exists some degree of variability in product quality which may not be detected by comparability exercises and small or short-term switching studies. Long-term clinical studies with a large number of patients and with proper control arms can alleviate the limitations associated with the existing interchangeability studies. Execution of these large studies will require an investment of resources and time, and these may limit the potential benefits associated with biosimilars.

Hence, it is imperative that we have protocols in place for post-marketing pharmacovigilance to recognize and report adverse events and assess the risk: benefit profile of biosimi-lars. Data collected on a large scale will enhance the confidence and trust of physicians and patients toward biosimilars and should accelerate their uptake.
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It has been over two decades since the European Union (EU) issued the first Commission Directive (2001/83/EC) regarding biosimilar drugs (referred to as similar biological medicinal products). Five years later, the small biologic Somatotropin was approved (2006).1, 2 It was still two years until the United States (U.S.) entered the biosimilar market, triggered by (U.S.) Congress approval of the Biosimilar Price Competition and Innovation Act (BCPIA). BCPIA was enacted as a provision of the Affordable Care Act the following year (2010) creating a regulatory approval pathway for biosimilars for Americans. The U.S. Food and Drug Administration (FDA) issued an abbreviated licensure pathway with submission under 351(k) (2012) for approval of biosimilar drugs. This licensure pathway permits a biosimilar biological product to be licensed under the Public Health Service Act (PHS Act) based on less than a full complement of product-specific preclinical and clinical data. The first biosimilar (Zarxio, Filgrastim-sndz) was approved by the FDA three years later.3, 4 As in the EU, the first approved biosimilar in the U.S. was a small biologic (18.8 kDa). Incrementally, the biologics approved as biosimilars increased in complexity/size. The first monoclonal biosimilar drug product approved was for reference product Remicade (infliximab) and was approved by the EU in 2013 and the U.S. in 2016.

In the U.S., guidance for establishing interchangeability was finalized in 2019. Per this guidance, approved biosimilars are not automatically considered Interchangeable. Instead, the interchangeable designation is applied after biosimilarity is confirmed and following the review of additional data needed to support a demonstration of interchangeability. Products that will be administered multiple times are recommended to be assessed using switching studies that cycle patients between the reference product and the biosimilar.5, 6 In late 2023, adalimumab-adbm was the first biosimilar approved with the Interchangeable designation in the U.S., which allows for pharmacy-level substitutions between the reference product and an approved biosimilar.7

Prior to 2022, the European Medical Agency (EMA) did not provide biosimilars with an interchangeable designation, allowing each country to establish individual recommendations. However, to harmonize recommendations within the EU, the EMA and the Heads of Medicines Agencies (HMA) issued a joint statement on July 22, 2022 that confirmed that all biosimilar drugs were interchangeable. The level of approval required for substitution is still decided by each country.8


Overall, the EU is the clear leader in biosimilar adoption with 86 approvals, compared to 46 in the U.S. (as of March 2024).
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Method development and validation to support biosimilar programs pharmacokinetic assays

Bioanalytical assays that measure the concentration of reference and biosimilar drug products in patient samples ensure that the pharmacokinetic (PK) characteristics of both drug products are comparable by evaluating the pharmacokinetics/potency of targeted epitopes. Differences in the drug products at this level are not observed in chemistry and manufacturing controls (CMC) comparability testing but may be observed during PK method development. PK assays also allow for comparisons of drug clearance and biodistribution of the reference product versus the biosimilar.

Marini et al. discussed the one-assay-approach in 2014.9 The goal of method development and validation is to establish bioanalytical comparability using a single assay designed to detect each drug product equally. This approach eliminates the biases that may result from methodology differences and allows the bioanalytical scientist and clinical pharmacologist to remain blinded to dosing. Concentration-response curve comparison was also recommended by Marini et al.9 To support the one-assay approach, this assessment must occur very early in development. Current recommendations now suggest that curve overlay experiments must also be conducted during validation.10



Immunogenicity assays

Anti-drug-antibodies (ADAs) may change the rate of drug clearance or potentially cause severe reactions or adverse events including anaphylaxis and cytokine release syndrome. As a result, similar immunogenicity profiles for the reference standard and biosimilar are critical when establishing biosimilarity. Two drug products may have differential immunoreactivity in patients due to glycosylation or post translational modifications. Evaluating immunogenicity ensures that the magnitude (incidence and severity) of immune response is the same in patients dosed with the reference product versus biosimilar. Immunogenicity is also key when establishing interchangeability in the U.S. Switching studies are recommended to evaluate the immunogenicity impact as patients switch between a reference product and biosimilar over an extended treatment time.

Regulatory agencies only require that the biosimilar product is no more immunogenic than the reference product when evaluated head-to-head. Due to the evolution of assay methodologies, ADA incidence in patients assigned to the reference product may be higher than reported during historical trials. This is expected, as advances in methodologies over the last decade have improved assay sensitivity. Consequently, comparative immunogenicity assessments during the biosimilar clinical trial provides the most meaningful data. In circumstances when ADA incidence is lower than previously reported for the reference product, it may suggest that the bioanalytical method used for biosimilar assessment is not fit-for-purpose.

The bioanalytical industry extensively debated using one versus two assays for biosimilar immunogenicity assessments.11 In 2019, the one-assay approach was determined to be most ppropriate.12 In addition to providing rationale for using a single assay for comparative assessments, evaluations such as drug tolerance and confirmatory evaluations were also recommended to provide evidence for antigenic equivalence. As a final step, during validation, confirmatory cut points were established with both drugs, and similarity is assessed using a statistical approach; ANOVA and LEVENES test were suggested.



Method development and validation to support a biosimilar program at a CRO

When contracting bioanalytical method development with a contract research organization (CRO), it is important that a sponsor has identified the target markets for biosimilar approval. As discussed above, the U.S. and EU have different requirements, as do many of the other regulatory agencies world-wide. Early market identification will enable the CRO to better scope and frame expectations. Each market has specific regulations that must be followed, and additional drug products will also extend development time and complexity of the validation. It is also important to know that even if a CRO has an in-house assay for reference product analysis, this should be considered a starting place and pre-validation runs will be necessary to confirm comparability of the biosimilar and the reference product. And full validation will be necessary for the required head-to-head comparisons.

In addition, final certificate of analysis (CoA) for the biosimilar is essential; changes in concentration will trigger full scale recalculations during the validation phase. Finally, as with all bioanalytical assays, good capture and detection reagents are essential to a quality method. As noted in Thway et al., reagents for reference products off-patent are often commercially available and are used in 80% of cases that were evaluated.10 However, caution should be used; these reagents may not detect the reference product and biosimilar in an identical manner, as commercially available reagents are not specific to the biosimilar structure and may result in under recovery due to post translational modifications present on the biosimilar.



Sample analysis to support biosimilar programs

Bioanalysis for a biosimilar program’s patient samples can be daunting; however, if planned correctly keeping regulatory requirements, shipment logistics and analysis strategies top of mind, these large quickly – enrolling studies can go very smoothly. Published reference product results permit method development to be tailored appropriately, ensuring the assay range, sensitivity, drug tolerance and throughput of each assay are optimal for method performance and clean, high quality data submissions.

Strategic planning for each study ensures that requirements are met for each regulatory authority that will review the data and can reduce variability between the reference product and reference product dose groups. The assay acceptance controls, drug products and statistical evaluations are just some of the aspects affecting comparability assessments that are required to ensure submissions schedules are met in the highly competitive biosimilar segment.



Controls

Per EMA guidance all controls included on sample analysis assays must have criteria applied to pass or fail a run.

The sponsor will have access to characterization data for the proposed biosimilar drug product and has the ability to extend product stability over the life of the program. Therefore, when using a single assay approach, after comparability of the two drug products is proven in method development and validation, all controls used to monitor PK assay performance should be prepared with the biosimilar. For immunogenicity assays, the biosimilar should be used in the inhibition solution for all samples, regardless of dosing product.

In addition, setting upper bounds for the assays negative control (NC) and lower bounds on the low positive control (LPC) for immunogenicity methods is important to ensure the LPC/NC signal to noise ratio remains within the bounds established during validation.

Qualifying a new lot or preparation of critical reagents is important to ensure the bioanalytical methods consistent performance. A target interference control (TIC) can be used to monitor the performance of new lots of reagents used to reduce target interference. A TIC can be used to qualify new lots of the reagent which is used to limit the formation of drug-target complexes which may lead to false positives for immunoreactivity. New lots of reagents should be bridged into the method prior to use to ensure the TIC meets acceptance criteria and the TIC can be included in each sample analysis assay (but is not required).



PK considerations

Reference products are packaged with a nominal concentration for dosing; however, the actual concentration of each lot is within an allowable range. Whereas the biosimilar is dosed at a known concentration for the individual lots. This may contribute to a perceived comparability issue in the PK data.

This actual versus the package concentration difference for reference product drugs is also a reason to use the biosimilar to prepare calibrators, quality controls and inhibition solution once comparability is proven in method development and validation.



Immunogenicity considerations

Immunogenicity data is generated to determine if the immune response is the same in patients dosed with the reference product versus the biosimilar. The data is considered qualitative so ensuring the assay performance is consistent with validation data and that assay variability is low is important for accurate and high-quality analysis.

The patient population should be evaluated to determine if it is consistent with the commercially purchased individuals used to generate the cutpoints during validation. The two populations are considered equivalent if the study predose sample screening and confirmatory results generates a false-positive rate of 2%-11%.

An in-study cutpoint may be required if the patient population differs from commercially available individuals used to determine the cutpoints during validation. If an in-study cutpoint is needed, samples collected during patient screening may be used instead of the day 0 predose samples if available. This reduces the handling and volume stress of analyzing predose samples in multiple panels for cutpoint statistical evaluations.

It is also important to ensure the ADA drug tolerance is sufficient to cover sample Cmax to minimize risk of false-negative immunogenicity results, potentially impacting comparability between dose groups.

Analysis Strategies to Limit Artificial Variance Between Biosimilar and Reference Product Patient Results.
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“The observed bioanalytical bias differences exceeded 10% in nine out of 18 comparisons between biosimilar product and US-reference product and in seven out of 15 comparisons between biosimilar product and non-US comparator product. These data demonstrate that understanding the potential bias difference that may exist between products may be important and suggest that minimizing the absolute bioanalytical bias difference among products to less than 10% could be beneficial.”10



One strategy to reduce bioanalytical bias is to batch samples by patient into a single assay from dosing to washout timepoints to reduce assay-to-assay variability.

This allows for the most accurate area under the curve calculations for PK assays. This reduction in variability also allows for a meaningful comparison of ADA results, particularly titer results, across timepoints for a patient. This does increase the amount of long-term stability needed to cover PK samples and the complexity of selecting samples for analysis by subject ID as full profiles become available at the BioA lab for testing.

Employing automation, especially for the PK analysis, is another way to decrease assay-to-assay variability it results in an electronic audit trail of sample volumes used in sample dilutions and plating which can be reviewed to find assignable cause for any results questioned by the PK scientists.

Neutralizing antibody (NAb) analysis may be optional depending on how many patients generate an ADA response. Very low immunogenicity rates may not be balanced between dosing groups and the data may not be meaningful for comparability between drugs. The NAb method should be validated so the data can be obtained quickly if needed.

Reanalyzing samples after generating an initial reportable result is highly discouraged by guidance. If reanalysis is required, the assignable cause must be well documented and very transparent in the final bioanalytical report. The lab should also ensure samples and controls are within long-term, freeze thaw and thawed matrix stability parameters established during validation. Method performance trending can also be very important for ADA and NAb analysis to ensure critical reagents are maintaining validation performance and any deteriorating critical reagents are replaced promptly.



Looking to The Future

Over the next several years many of the biggest drugs that will come off market are biologics and therefore candidates for biosimilar products. Biologics coming off patent leading up to 2030 include but are not limited to Keytruda®, Revlimid®, Eliquis®, Eylea®, Stelara®, Opdivo®, Trulicity®, Prolia®, Cosentyx® and Entyvio®. More than 15 large pharma companies are major players in the Biosimilar business and will be targeting development and testing of biosimilar products to align with patent expirations.

Market research estimates growth from $35.47 billion to $82.27 billion over the 5-year period from 2024 to 2029. Asia Pacific is expected to be the fastest growing biosimilar market with North America being the largest market. , As biosimilar companies compete to grab a share of the market the cooperation between pharma and CROs to create and execute analytical methods with highest quality comparability assessments will be key to gaining approval and licensure for new biosimilars products.
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Innovation in LC–MS and analytical instrumentation

What are some current technologies and/or strategies within the bioanalytical field that have emerged and how have they been beneficial?

In recent years, several technologies have emerged to address lingering challenges facing the field of LC-MS/MS bioanalysis.

High-resolution mass spectrometry (HRMS) is increasingly popular. When compared to traditional triple quadrupole mass spectrometers, HRMS can provide improved selectivity (accurate mass) and sensitivity (signal-to-noise). This technology can, due to accurate mass/resolution capabilities, better separate and identify multiple components simultaneously and has proven especially useful in the analysis of complex samples such as biological matrices.

Microflow LC-MS/MS uses smaller scale columns and lower flow rates than traditional LC-MS/MS. While challenges around throughput persist, this technology reduces ion suppression and increases sensitivity, which are particularly useful for the analysis of small molecules and peptides.

Ion mobility spectrometry offers a supplementary separation dimension. That is, separation of ions based on size and shape provides an additional level of selectivity in complex samples.

Data-independent acquisition (DIA) is a newer mass spectrometry capability that permits simultaneous measurement of all ions in a sample, without the need for prior selection of specific ions of interest. This technology provides a more complete picture of the analytes present and is particularly useful in the analysis of complex samples wherein the target analyte is unknown. As such, DIA stands to have a significant impact on bioanalytical discovery and biomarker space.

Could you list/describe the key factors that need to be considered when introducing new, emerging technology?

Introducing new or emerging bioanalytical technologies requires careful consideration of scientific and technical capabilities, validation and regulatory requirements, the cost-effectiveness of implementation, the availability of trained personnel and infrastructure and compatibility with existing workflows and processes. Other important factors include the potential impact on sample integrity, quality and data comparability, as well as the need for effective communication and collaboration between stakeholders. Ultimately, the successful introduction of new or emerging technologies in bioanalysis requires a thoughtful, collaborative approach with careful consideration of benefits and challenges.

Which instrument currently in your lab do you consider to be the most ‘cutting-edge’?

Cutting-edge LC-MS/MS bioanalytical technologies are those that meet the regulatory requirements of agencies such as the US FDA and EMA, while providing the highest level of sensitivity, specificity, accuracy and precision. HRMS instruments such as the Thermo Scientific™ Orbitrap Exploris™ 240 and Thermo Scientific™ Orbitrap Exploris™ 480 Mass Spectrometers can provide increased selectivity and sensitivity, due to their resolution capabilities compared to traditional triple quadrupole mass spectrometry, making them a valuable tool for the analysis of complex matrices and low-level analytes. HRMS systems such as Orbitrap or Time-of-Flight (TOF) are cutting-edge in regulated bioanalysis. Hybrid mass spectrometers, such as the triple quadrupole-linear ion trap (e.g., SCIEX Triple Quad™ 7500 LC-MS/MS System greater sensitivity to quantify more trace analytes at lower levels across a broad suite of sample types and workflows and can provide increased selectivity over traditional triple quadrupole instruments, making it valuable for the analysis of complex samples. Moreover, robotic liquid handling (e.g., Hamilton Microlab STARlet and Hamilton NIMBUS) with flexible configurations, streamlined and automated sample preparation, which in turn has significantly reduced the risk of errors, improved reproducibility and increased throughput.

What are some of the advantages of utilizing LC/MS for bioanalysis and how does its use augments traditional ligand-binding assays (LBAs)?

The hybridization of traditional LBAs with LC-MS/MS is becoming more commonplace within the bioanalytical community. These companion technologies offer complementary information, provide a more comprehensive understanding of the sample and allow for a more accurate assessment of drug safety and efficacy. To elaborate, LC-MS/MS and HRMS systems are more malleable than LBAs, in terms of sample types analyzed, and are especially useful in early drug development for emerging complex modalities where rapid and flexible assay modifications are crucial. LC-MS/MS and HRMS can simultaneously identify and quantify multiple analytes, metabolites, impurities and degradants; which can be particularly pertinent in situations where standalone LBAs suffer from matrix effects or cross- reactivity.

LC-MS has also found a niche in the analysis of multi-domain biotherapeutics. LC-MS provides information critical for understanding structure and function, optimizing performance and stability, assessing heterogeneity and impurities and monitoring of pharmacokinetics. Specifically, multi-domain biotherapeutics (e.g., such as fusion proteins and masked proteins (prodrugs)) are often subject to post- translational modifications – such as glycosylation, phosphorylation, or acetylation – which can affect their biological activity and pharmacokinetics. The multiplexing capabilities of LC-MS/MS allows for the concentration of each domain. Thus, LC-MS/MS permits the quantification of total and active concentrations of domain-specific modifications, which in turn provides insights into their impact on biotherapeutic performance. Moreover, LC-MS provides pharmacokinetic information related to biotherapeutic half-life, clearance and degradation pathways; this information is critical for optimizing dosing strategies and developing stable formulations.

What obstacles stand in the way of future LC–MS development?

Several major obstacles hamper the widespread use and implementation of HRMS technology for intact protein quantitation. First, the complexity of protein samples makes it difficult to obtain accurate and reproducible measurements of intact proteins. Second, the lack of standardized workflows for protein quantification can lead to variability in results and hinder the comparability of data between labs. Third, the development and implementation of user-friendly software that is also compatible with regulatory requirements is a must. Finally, the high cost of HRMS equipment and the need for specialized expertise are barriers for smaller labs or academic settings. Addressing these challenges will require continued innovation and collaboration across multiple disciplines.

How do you see LC/MS techniques growing within the field in the next 5 years?

Over the next 5 years, LC-MS technologies will continue to improve in terms of sensitivity, selectivity and throughput. In turn, these improvements and multiplexing capabilities will enable the detection and quantification of even lower analyte levels in complex matrices and will foster routine use in support of complex biological drug modalities and studies involving co-dosed biotherapeutics. The continued evolution of sample preparation techniques is expected, with a focus on improving reproducibility and throughput through enhanced workflow automation and technology miniaturization. Utilization of HRMS technology will continue to increase and will prove particularly useful for the quantification of large, complex molecules e.g., intact proteins. However, the development of standardized methods and protocols for protein quantification is needed. Implementation of big data and AI will become more commonplace and will enable more efficient data analysis, processing and interpretation.

Finally, as data sets continue to grow in size and complexity, new tools and techniques for data visualization are expected to emerge, enabling researchers to more easily extract meaningful insights from their data.
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ABSTRACT

In recent years, CAR-T cell therapy has emerged as a promising immunotherapeutic approach, demonstrating remarkable therapeutic efficacy in hematologic malignancies such as leukemia and lymphoma. However, its effectiveness in treating solid tumors remains limited, with challenges such as low response rates, poor therapeutic persistence, and high recurrence rates. The unique and complex immune microenvironment of solid tumors, characterized by a dense extracellular matrix, an abundance of immunosuppressive cells, and cytokines, is considered a major factor impeding CAR-T cell infiltration, antitumor activity, and persistence, significantly hindering the clinical potential of this therapy. To address these challenges, various strategies have been developed to optimize CAR-T cell functionality and adaptability. As a rare and highly complex solid tumor, chordoma presents with several challenges for CAR-T cell therapy, including the lack of tumor-specific antigens, rich extracellular matrix, and enrichment of immunosuppressive factors such as TGF-β. This review summarizes the key challenges and corresponding strategies to enhance CAR-T cell therapy in solid tumors, with a particular focus on underlying its therapeutic potential for the treatment of chordoma.
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1. Introduction

A recent report [1] from Mckinsey & Co. states that ‘the biosimilars industry needs to reduce its costs, particularly in drug development, to preserve its sustainability. A typical biosimilar today costs between $100 million and $300 million to develop, with clinical trials accounting for more than half of the budget.’ If biosimilars are to deliver the promise of making biological drugs accessible, these cost barriers must come down exponentially. This paper presents a scientific and rational plan that will reduce the development cost based on the author’s extensive experience developing biosimilars, a detailed analysis of all approved biosimilars, and interactions of the author with the regulatory agencies redesigning the biosimilar approval guidelines.

Biosimilars are therapeutic proteins that date back to more than 125 years when animal antisera were first used to treat diseases like tetanus and Diptheria that Behringwerke marketed in Europe and Lederle in the US. Von Behring got the first Nobel Prize for this work [2]. About 50 years later, Genentech produced the first recombinant somatostatin [3], starting the age of recombinant biotechnology with hundreds of such products now widely used to cure diseases ranging from arthritis to cancer. As the patents on these biological drugs expired, it became necessary to introduce their copies to reduce their cost to patients, leading to a new class of biologicals – biosimilars, products having ‘no clinically meaningful difference,’ despite minor differences a referenceproduct.

The Committee for Medical Products for Human Use (CHMP) of the EU was the first regulatory agency to draft guidance documents for biosimilars. The EMA guidelines [4] include three overarching guidelines, eight product-specific guidelines, and six cross-referenced and additional guidelines that address the immunogenicity testing in detail. Most of these guidelines have been revised repeatedly to reflect a better understanding of biosimilars, reducing the testing requirements.

The FDA regulatory guidelines currently include 11 documents, including three Q&A documents [5], that are the most useful in understanding the FDA’s current thinking, such as allowing non-US reference standards to define the legal meaning of ‘composition.’ In addition, unlike other regulatory agencies, the FDA updates Q&As bringing significant changes to regulatory filing requirements as the understanding about biosimilar improves or when new questions arise regarding the approval criteria [5,6].

The WHO, though not a regulatory agency, provides two detailed guidance for biosimilar development [7,8]; these guidelines are widely adopted in the developing countries; however, these guidelines are not as robust as the FDA or EMA guidance, as pointed out by the author [9]. About 12 months after the author criticized, the WHO has proposed significant changes [10], though these remain insufficient.

So far, the FDA has approved 31 biosimilar products comprising 11 molecules, and the EMA has supported over 70 biosimilars containing 18 molecules, primarily antibodies [11,12]. Both agencies have acknowledged the safety and efficacy history of marketed biosimilars. This conclusion is why the changes are coming fast in the approval guidelines.

Biosimilar approval is based on four key attributes: analytical assessment, nonclinical pharmacology, clinical pharmacology, and clinical efficacy testing. I will elaborate on these attributes as I see their role changing in the future. The developers should know that the regulatory guidelines are neither binding on the agency, nor the developer, so challenging the guideline is well within the purview of the developers, and to refuse these proposals, well within the right of the agencies. However, if developers present a rational scientific plan, it will not be rejected by the agencies – and this is the primary suggestion in this paper.


Article highlights


	Conclusions drawn from the analysis of the registration dossier of over 100 biosimilars demonstrate that exclusion of animal testing and clinical efficacy testing would not have changed the approval decision.

	Animal testing is now widely discouraged on humanitarian grounds since these studies cannot provide any helpful information for biological drugs.

	Clinical trials are inconclusive because of their modeling deficiencies and sensitivity to detect differences between products.

	Both essential elements of testing, analytical and clinical pharmacology, can be reduced by using better models and population selection criteria.

	While the agencies are ready to accept waivers or reduced submissions requests, the onus lies on the developers, who remain less informed and less prepared.






2. Analytical assessment

Analytical assessment comprises physicochemical and functional properties and forms the backbone for establishing biosimilarity. How much should a biosimilar candidate match the reference product shall remain a debate because a reference is approved based on whatever quality attributes it presents; a biosimilar must match these, even though the attributes of the reference product may not be the most ideal. Unfortunately, the FDA made a significant mistake in its guidance titled Statistical Approaches to Evaluate-Analytical Similarity. It was withdrawn and replaced with a new guideline after the author filed a citizen petition and pointed out the mistake [13,14].; the FDA then issued a new guideline, removing the tier 1 testing of attributes that would inevitably fail as it was based on an arbitrary equivalence criterion [15]. It is noteworthy that in the new guideline, the FDA changes the vocabulary from ‘analytical testing’ to ‘analytical assessment’ for a reason, to represent the purpose of testing – to assess, not just to test.

Analytical assessment begins with the developers using complex decision-making charts to select the critical quality attributes to establish similarity. This exercise is redundant since the quality attributes of protein drugs that determine safety and efficacy are well known. The quality attributes fall into two categories: structural and functional similarity and drug product release specification. Surprisingly, the FDA erred in recommending the protein content and potency as the most critical attribute subject to the most stringent statistical comparison. The first biosimilar EP2006 approved by the FDA with Amgen’s Neupogen required protein content to be one of the critical quality attributes; while the protein content was within the allowed variation of the release specification, it kept failing analytical assessment the Neupogen lots had almost no variation. It took unnecessary testing over 50 lots to meet the FDA statistical modeling guideline [16]. It essentially meant that a good product for the patient was not good enough for the FDA. The FDA has since revised the statistical modeling of analytical data, yet, many attributes that are part of the release specification continue to be tested to establish biosimilarity. Therefore, I am proposing the developers present both testing plans: structure and function; and release specifications.

The release specifications of biosimilars that can be derived from what is considered a legacy variation include:


	± 3% variation in protein content; higher variation must be justified based on reference product variation. Do not request the agency to accept an unjustified variation; fix the product.

	± 15% variation in potency; the same concept described above applies here also.

	NMT 3% impurities (where no single impurity is greater than 1%); higher levels must be justified based on but not more than found in the reference product.

	No unmatched impurity; there may be situations where reference product data may show such impurities in publications but do not try to offer to present safety of new impurities. Instead, fix your product; it is not difficult.

	Compendial standards of particles, residual DNA, fill volume, and sterility.



The non-legacy attribute variation is established by testing multiple lots of the reference product such as the posttranslation modification, aggregates, or other such attributes that are process-related. The acceptance range is generally the average ± 3SD of the reference product. Since biosimilars may have a different formulation, all those attributes, such as pH, osmolality, surfactant content, etc., are based on testing multiple lots of biosimilar candidates compared with the reference product.

Analytical similarity assessment can be limited to attributes that are not part of the release specification as these attributes are mostly product-related and include:


	Amino acid sequence, primary structure: Peptide mapping (LC-MS), Peptide mass fingerprint (MALDI-MS), MALDI TOF, MS amino acid sequencing.

	Higher-order structure, conformation: Thermodynamic Fluorescence, Far and near UV CD, DSC, NMR, SPR, ELISA.

	Binding: Cell-based assays, SPR, ELISA.

	Forced degradation profile shows the same impurities; it is a test of structural similarity.



The developers need to explore creative testing methods to compare the secondary and tertiary structures using UV and fluorescence spectroscopy to bring confidence to the regulatory agencies. The molecules are stressed reversibly [17]; the applied stress may include temperature surfactants, electrolytes, pH, etc. Of course, none of these testings are recommended by any agency. Still, a developer may find a stronger argument to secure a waiver of additional studies if the analytical similarity assessment is strengthened. Therefore, all agencies recommend developers present creative ideas to establish analytical similarity.

The misconception about orthogonal testing is evident in the testing reports submitted in the regulatory filing of the 100 biosimilar products; for example, 25 analytical tests were submitted for Pfizer’s adalimumab biosimilar Boehringer- Ingelheim adalimumab biosimilar submitted 71 test exercises [18]. The FDA accepted both. In the early stages of the development of biosimilars, orthogonal testing was widely used. With modern, highly sensitive, and specific assay characterization methods, much of the orthogonal testing can be avoided. You will not impress any agency by submitting redundant testing, as all current biosimilar developers have done; do not follow the testing plans of approved biosimilars.

One advice to developers is that it is always preferred to outsource the final analytical similarity assessment that should include the PPQ and clinical lots. This strategy overcomes the most common FDA audit findings ranging from data integrity and CFR 21 Part 11 compliance, suitability of the test method (suitable or validated), and blinding issues. This advice is based on the personal experience of the author. Considering the cost of establishing in-house testing methods only for analytical assessment, it works out more cost-effectively. In addition, it reduces the time to file the BLA.



3. Nonclinical pharmacology

Nonclinical pharmacology comprises, as the term implies, studies excluding humans. These studies often include animal pharmacodynamics, including toxicology and immunogenicity, animal pharmacology, animal toxicology, and animal toxicokinetics testing. Animal testing began with Early Greek physician-scientists, such as Aristotle (384–322 BC). However, in the aftermath of the sulfanilamide elixir tragedy, the US passed the 1938 Federal Food, Drug, and Cosmetic Act requiring the safety testing of drugs in animals before they could be tested in humans [19]. The premise for testing new drugs in animals came from the belief that the toxicity of a chemical is proportionally observed in animal species. While this may be true for chemical drugs, it proves wrong for biological drugs whose toxicity extends their pharmacodynamics that are not matched between animals and humans. Furthermore, the activity of biological entities depends on receptor binding, and animals generally do not have these receptors.

Additionally, the animal toxicology studies become redundant since the dosing used for toxicology testing is kept within the nonlinear range to induce toxic symptoms, thus removing any possibility of observing any difference. However, despite this knowledge and understanding, animal testing of biosimilars remains a routine that should soon disappear. For example, MVASI (bevacizumab) [20] reported five non-clinical studies, including mice and rats; and even though bevacizumab can cross-react with the animal VEGF, these data do not support the safety of the product. The same was the case of testing of trastuzumab in mice (Trazimera) to justify receptor binding differences even though trastuzumab does not identify the neu receptor [21]. Another trastuzumab biosimilar, Herzuma, conducted studies in rats [22]. None of these studies were evaluated by the FDA. Infliximab biosimilars (Renflexis and Inflectra) [23,24] conducted studies in mice and rats. Etanercept biosimilars Eticovo and Erlezi [25,26] conducted studies in mice, rats, and monkeys. Still, the FDA reviewed only the studies in monkeys since rodents do not have the receptors to respond to etanercept. The epoetin biosimilar Retacrit [27] reported 15 animal toxicology studies, most of which were considered irrelevant by the FDA, except the study in beagle dogs and one study in rats, as the developer presented to justify the high anti-drug antibodies found; the argument was not accepted. It was later discovered that the differences in the ADA were due to differences in the formulation and the route of administration. The non-clinical development of the two pegfilgrastim biosimilars, Udenyca and Fulphilia [28,29], is noteworthy for their diversity; Udenyca reported a toxicity study in Cynomolgus monkeys, while Fulphilia in rats.

Another issue in animal studies pertains to using nonhuman primates, the only species that could have relevant receptors; it is often recommended to conduct PK studies in a small number of animals, particularly for monoclonal antibodies as a measure of evaluation of molecular structure rather than toxicity. However, such testings are disfavored by the WHO and exclusively in India for religious reasons.

An interesting argument for ending animal testing of biosimilars comes from the recent suggestions by the regulatory agencies not to test even new biological drugs in animals as suggested by the FDA, even if an animal species can show a response, except if the carcinogenicity potential exists [30]. The FDA/CDER now also encourages exploring the use of NAMs (New Approach Methodologies) [31] to improve regulatory efficiency and potentially expedite new drug development in line with the European Union legislation on the protection of animals used for scientific purposes [32].

Alternative approaches to animal testing models are based on human and animal cells, organoids, organ-on-chips, and in silico modeling, providing opportunities to develop better and more predictive scientific tools to protect human and animal health and the environment. One trend of the last ten years has seen nonclinical in vivo testing replaced by in vitro assays to reflect changes in animal protection legislation [33]. These efforts support the reduction of animal use. In addition, they are in line with EMA’s Regulatory Science Strategy for 2025, aiming to build a more adaptive regulatory system that will encourage innovation in human and veterinary medicine [34].

Animal toxicology studies can be detrimental if used to justify differences in impurities and posttranslational modifications since no such model will justify these differences. In many applications, the developers presented animal data to support this variability, but the agencies have rejected such requests so far. Therefore, my advice to developers is not to conduct any study to justify such differences; instead, go back to the drawing table and fix them.

The EMA and FDA have approved more than 100 products, and none of the products failed in animal toxicology testing because they cannot. Finally, since no animal testing can prevent the validation of any structural differences, pharmacodynamic responses, immunogenicity, or pharmacology response – there is little that these studies could add to establish biosimilarity. Therefore, I strongly urge biosimilar developers not to conduct any animal study (excluding PK studies in a small number of lower primates) and present strong arguments for such waivers that will be granted if presented correctly.



4. Clinical pharmacology

Next to the analytical assessment, clinical pharmacology comparisons are most critical to establishing the safety and efficacy of the product. When a new drug is developed, the PK/ PD testing is conducted in a wide range of volunteers to understand the variability across gender, age, and genetic differences. Comparing a biosimilar candidate with a reference product is not a population characterization study, as invariably and wrongly assumed in the study designs. Using tight acceptance criteria for study subjects: age, weight, color, race, and gender will reduce the study size significantly without compromising the study power. Both FDA and EMA will allow such protocols to reduce inter-subject variability. Besides reducing the cost and time of development, the reduced testing goes well with the FDA guideline of not exposing humans unnecessarily [35].

Another central area of change in clinical pharmacology comparison comes from the PK modeling using novel approaches; one such approach is to consolidate all expected outcomes in a single study; using a parallel design with two consecutive doses enables the determination of anti-drug antibodies. The FDA reviewed this model, and it should be the choice to discuss in the first Type 2 advisory meeting [36]. However, keep in mind that holding multiple meetings with the FDA will push you back in your development plan as each meeting will slow you down by several months. Ironically, even the most advanced developers make this mistake; today, after so many biosimilars have already been approved, you should know what is acceptable to the agencies; you go to them to seek clarification of any novel approach your present I am advising in this article.

Therapeutic proteins become immunogenic by activating B cells (by generating T cells), which produce antibodies that bind to innate or administered proteins and reduce or eliminate their effects. Unfortunately, such antibodies can also cause complications that can be lifethreatening. It is now established that individual variations in developing anti-drug antibodies may also be based on genetic differences. Therefore, the FDA is developing novel measures to identify immunogenic potential. The differences in the three-dimensional structures of protein-drugs and natural proteins that trigger B-cells to produce antibodies against therapeutic proteins are compared. To obviate the high cost of predicting whether certain parts of such proteins will trigger antibody formation is challenging and expensive; the FDA uses tiny pieces of DNA-like molecules called aptamers to probe the proteins and determine their exact shapes. Developers may want to explore these new testing modalities while they should keep following the FDA efforts diligently.

The FDA Biosimilar Action Plan [37] further suggests using silico approaches to compare biosimilars, including the immunogenicity assessment. While several approaches like epitope modifications and humanization are proposed to reduce immunogenicity, none can be applied to biosimilars, as structural changes are not permitted. However, T-cell and B-cell epitope predictions allow developers to present a sound argument to reduce immunogenicity studies. A simple argument that should be acceptable to the regulatory agencies is that intrinsic immunogenicity strictly depends on the molecule’s structure established as the first step. The extrinsic immunogenicity is driven by impurities and aggregates, both of which are readily assessed and compared with the reference product as part of the analytical assessment.

For this reason, I do not recommend the developers push for the acceptance of a product with an unmatched impurity or excessive aggregates – both of which can be altered through process changes. Purity and formulations remain the key approaches to reduce immunogenicity risks. To be on the safe side, do not introduce any inactive component that has not been used in another biological product, and preferably keep the composition identical to the reference product. Unfortunately, the erythropoietin formulation-driven immune response leading to many deaths continues to be a significant alarm against modifying formulations without extensive safety testing [38].

Finally, if the immunogenicity profile is different but does not affect the disposition characteristics, such differences are irrelevant. The FDA has recognized this in its new guideline, partly based on the suggestions by the author [39,40] and waiving immunogenicity. However, keep in mind that if the variation is very large, such waivers may not apply, contrary to what the WHO says about the range of variability not being relevant.

On humanitarian grounds, biologicals that are highly immunogenic and capable of producing anti-drug antibodies present a significant risk to the testing population; this can also be used as an argument to request a waiver of immunogenicity testing.

In the early stages of the introduction of biosimilars, immunogenicity was touted as the most significant risk, almost to the point of being deadly, by companies with conflict of interest with biosimilars. Much of this misconception is now going away.

In line with the argument that humans should not be exposed to any testing if not necessary, there is a remaining issue to be resolved in accepting studies conducted using a non-US reference standard [6]. The FDA requires clinical pharmacology testing in a three-way protocol to satisfy the legal language of the BPCIA. One way to meet the FDA is to prove that the intended non-US product was approved using ‘essentially’ the same dossier. The dossier will essentially be the same except for any statutory differences like the label or packaging. The EMA is not restricted by these considerations and thus allows the use of US reference products if the analytical similarity can be bridged.



5. Clinical safety and efficacy

In the early days of biosimilars submissions, proof of clinical efficacy was always expected, regardless of the nature of the product. However, most developers missed out the language in the BPCIA: ‘If there is residual uncertainty about biosimilarity after conducting structural analyses, functional assays, animal testing, human PK and PD studies, and the clinical immunogenicity assessment, the sponsor should then consider what additional clinical data may be needed to address that uncertainty (section VII.D.3) adequately.’ The additional clinical study does not mean clinical efficacy study; it could well be additional in silico pharmacokinetic studies as suggested in the FDA’s Biosimilar Action Plan [37]. Therefore, developers should first inquire about the ‘residual uncertainty’ before offering any additional study. The best suggestion for this approach comes from Dr. Janet Woodcock, a recent acting commissioner of the FDA: ‘Why should we put patients through all these different trials just to check a box.’ Further, according to the FDA, the current model of testing clinical efficacy is ‘broken,’ [41] being archaic, requiring integration of new digital technologies with real-world evidence (RWE) are needed as spelled out in the 21st Century Cure Act [42]. Biosimilar efficacy testing requires entirely different Master Protocols to make clinical testing relevant.

The EMA has started working on a pilot clinical trials program to advise biosimilar how clinical testing can be reduced or avoided for biosimilars [43]. However, their first pilot exercise failed because of the erroneous data provided by the developers. EMA acknowledges the emergence of more precise technologies for determining bioequivalence, such as protein mass spectrometry 10-million-fold more sensitive than a decade ago. Comparative clinical trials are now viewed as imprecise tools for determining likeness between biological agents.

Biomarker

The FDA guidance documents further state that biosimilars ‘may be approved based on PK and PD biomarker data without a comparative clinical study with efficacy endpoint(s)’ [37]. Reliance on PK and PD biomarker data in healthy subjects or patients allows for shorter and less costly clinical studies [44] and provides more sensitive testing than the clinical efficacy with endpoint(s). For example, a quantitative analysis of clinical data from a comparison of filgrastim products showed that the PD biomarker, area under the effecttime curve of the absolute neutrophil count, was much more sensitive an endpoint than the clinical efficacy endpoint of the duration of severe neutropenia [45]. The FDA has recognized this and allowed licensing of several products on PD evaluation only: filgrastim-aafi, filgrastim-sndz, pegfilgrastimjmdb, pegfilgrastim-cbqv, and epoetin alfa-epbx. The FDA has described five characteristics for PD biomarkers in guidances to assist sponsors planning to use PD biomarkers as a component of a biosimilar development program [46,47]. PD markers are also a major topic in the FDA’s Biosimilars Action Plan [37].

The PD biomarker(s) used to measure PD response can be a single biomarker or a composite of more than one relevant PD biomarker that effectively demonstrates the characteristics of the product’s target effects. Using broader panels of PD biomarkers (e.g. by measuring features of the transcriptome, proteome, and epigenome), capturing multiple pharmacological effects of the product may be of additional value.

Modeling Issues

Clinical efficacy testing is conducted in two modes: equivalence or non-inferiority, based on clinical response or clinical endpoints. In the equivalence testing mode, first, we establish the M1 or totally efficacy value of the reference product – a highly variable parameter, but available; second, we choose an acceptable range of difference, the M2, that is based on the clinical judgment that is difficult to be definitive – at best it is an arbitrary choice. As a result, the equivalence studies are least likely to fail because both products are supposed to be equivalent. So far, no equivalence study for biosimilars has resulted in the rejection of biosimilarity. The fact is that a comparative study for two products that are anticipated to be identical is highly unlikely to be discriminatory because the dosing is inevitably at the plateau level, where a difference is unlikely to be recorded.

Comparative equivalence studies are required to have homogeneity of the study population, an unlikely possibility for many drugs, including anticancer drugs where the patients are inevitably exposed to several drugs and treatment modalities; additionally, the anticancer drugs have a very low efficacy rate that further reduces the statistical probability of identifying any difference. Efficacy studies for oncology or other terminal illness drugs present unique challenges, including recruiting a comparable population, such as naïve patients. The short lifetime of patients disrupting the study design further makes such studies of little value.

Non-inferiority studies are discouraged because of the likelihood of approving a more effective biosimilar with higher toxicity since the two are proportional for biological drugs.

A misconception that lesser clinical evidence is needed if the product shows higher similarity in biological and physicalchemical assays is ill-founded – every testing is conducted under protocols that either fail or pass. Since clinical efficacy testing cannot support the validity of biological and chemical assays, thus any concessions made in clinical efficacy testing are not valid.

Another reason the efficacy testing is irrational comes from the reality that extrapolation of indications are allowed even if a product is tested in just one indication; even if the mode of action is the same, just one study cannot preclude clinical efficacy issues in all indications, leaving the efficacy testing mostly as a checkmark item.

Clinical efficacy studies to determine an interchangeability status is primarily a US consideration; the FDA has approved only one interchangeable insulin product [48]; notwithstanding the legality of the BPCIA, interchangeability approvals are likely to become less arduous given the declaration that there is no clinically meaningful difference between a biosimilar and the reference product, as recently shared by the FDA [49].

There is a need to educate the developers that none of the 100+ biosimilar products failed clinical efficacy testing if they met the analytical similarity and clinical pharmacology testing. It means that the products tested for clinical efficacy were biosimilar, or the clinical efficacy testing was not sensitive enough to tell any difference; these testing were not necessary in both cases.



6. Conclusion

After 15 years of biosimilar approvals in the EU and US, the regulatory agencies have modified and relaxed many testing requirements to establish biosimilarity. While the agencies may be slower in changing their guidelines, the onus lies in the developers challenging the guidelines to restrict the testing to analytical similarity and clinical pharmacology. Even these testings can be reduced significantly without compromising their value to establish biosimilarity.

The views presented here are getting wider acceptance within the scientific and regulatory communities. Animal testing is of little value to support any variations in the analytical assessment. The clinical efficacy testing of products that have met the analytical assessment and clinical pharmacology constitutes unnecessary human exposure. Both of these testings will become obsolete, allowing faster approval of safe and effective biosimilars to live the promise made in creating this new class of biologicals.



7. Expert opinion

With 100+ biosimilars approved and better scientific understanding over the past 15 years, we can now enter into a philosophical argument: why are we testing if the test cannot provide helpful information? Given the mechanism of action of biological drugs as receptor binding, no animal model can simulate a human response. Since the toxicity of a biological product is an extension of its response, it cannot be emulated in another species. Therefore, the testing methods such as using a plateau dose level, multiple dosing, and dose-proportionality in animals are irrelevant. The agencies have begun to agree that there is no need to abuse animals for this testing.

The clinical efficacy testing to demonstrate equivalence between the two products that are supposed to be ‘identical’ is a statistical challenge and an exercise based on arbitrary assumptions. The golden rule of real-time clinical testing of a new drug in patients does not apply to demonstrate biosimilarity because of the poor sensitivity of clinical testing to identify any relevant differences.

Analytical assessment and clinical pharmacology profiling can be modified to make the two key testing platforms more relevant and less complex.

In my opinion, biosimilars will be approved in the future only based on analytical assessment and clinical pharmacology profiling.

The observations and recommendations made in this paper result from dozens of in-person meetings with the US FDA [50], resulting from the author’s scientific, ethical, and legal challenges to the FDA guidelines relating to the approval of biosimilars.

Now developers can challenge the testing requirements, and I am confident that we are about to enter a new era of faster, lower-cost approval of biosimilars without risking their safety and efficacy.
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