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Abstract:  
Biosimilars play a crucial role in improving patient 

access to biologic therapies while reducing 

healthcare costs. Regulatory expectations governing 

biosimilar approval have evolved alongside advances 

in analytical science and accumulated regulatory 

experience. Historically, comparative efficacy 

studies (CES) were commonly included in biosimilar 

development programs to address residual 

uncertainty regarding clinically meaningful 

differences between a proposed biosimilar and its 

reference product. However, increasing evidence has 

demonstrated that comparative efficacy studies are 

generally less sensitive than comparative analytical 

assessments and human pharmacokinetic studies in 

detecting clinically meaningful differences between 

products 

In October 2025, the U.S. Food and Drug 

Administration (FDA) issued a draft guidance 

updating its recommendations on assessing the need 

for CES in biosimilar development. The guidance 

emphasizes a totality-of-the-evidence approach, 

highlighting the enhanced role of comparative 

analytical assessments, human pharmacokinetic 

similarity studies, and immunogenicity evaluations in 

demonstrating biosimilarity, rather than relying on 

routine comparative efficacy studies. This review 

critically analyzes the evolution of FDA regulatory 

thinking from the 2015 Scientific Considerations 

guidance to the October 2025 draft guidance, with 

practical illustrations of how biosimilar approval 

pathways have shifted over time. The regulatory, 

scientific, and industry implications of this evolution 

are discussed. 
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1. Purpose and Scope of the Review: 

This review critically explains how the U.S. Food and 

Drug Administration's (FDA) expectations regarding 

Comparative Efficacy Studies (CES) in biosimilar 

development have evolved, with a clear and 

structured comparison between the 2015 FDA 

Scientific Considerations guidance and the October 

2025 draft guidance. The manuscript is written in a 

narrative, explanatory style and illustrates regulatory 

thinking through practical approval scenarios, 

showing how biosimilars were evaluated earlier and 

how they may be evaluated under the current 

framework. 

2. Background: Role of Comparative 

Efficacy Studies in Biosimilar Development 

Comparative Efficacy Studies are clinical 

investigations designed to compare therapeutic 

outcomes between a proposed biosimilar and its 

reference product using efficacy endpoints. When the 

U.S. biosimilar pathway was introduced, regulatory 

experience was limited and analytical technologies 

had not yet reached their current level of sensitivity. 

In this context, CES were considered an important 

confirmation step to ensure that minor analytical 

differences did not translate into clinically 

meaningful differences in patients. 

Over time, however, it became evident that many 

CES were conducted in settings where endpoints 

lacked sufficient sensitivity to detect subtle 

differences, particularly for products administered at 

doses that achieved pharmacologic saturation. These 

limitations prompted regulators to reassess the true 

scientific value of CES within the biosimilar 

paradigm. 

3. FDA Regulatory Approach in 2015: 

Earlier Expectations: 

• The FDA's 2015 Scientific Considerations 

guidance established the foundational approach for 

biosimilar development in the United States. Under 

this framework, sponsors were expected to generate 
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comparative analytical data, conduct human 

pharmacokinetic (PK) studies, assess 

immunogenicity, and, in most cases, perform a 

Comparative Efficacy Study. The underlying 

regulatory assumption was that residual uncertainty 

would frequently remain after analytical and PK 

comparisons, necessitating confirmation through 

clinical efficacy data. 

• In practical terms, this approach resulted in 

many biosimilar programs incorporating large Phase 

III efficacy trials.  

For example, systemically acting monoclonal 

antibody biosimilars were often required to enroll 

large patient populations and evaluate established 

clinical endpoints, even when analytical similarity 

was already convincingly demonstrated. Although 

these studies consistently showed comparable 

efficacy, they rarely altered regulatory conclusions 

that had already been suggested by analytical data. 

 

4.  FDA Regulatory Approach in October 

2025: Updated Perspective 

• By October 2025, the FDA had accumulated 

extensive experience reviewing biosimilar 

applications and assessing the relative contribution of 

different data elements. The updated draft guidance 

reflects a clear shift toward a science-driven 

regulatory philosophy. The FDA now explicitly 

acknowledges that modern comparative analytical 

assessments are generally more sensitive than CES in 

identifying differences between a proposed 

biosimilar and its reference product. 

• The 2025 guidance emphasizes a totality-of-

the-evidence approach, wherein analytical similarity, 

human PK data, and immunogenicity assessments 

collectively form the primary basis for regulatory 

decision-making. Under this framework, CES are no 

longer considered a default requirement. Instead, 

their necessity is evaluated on a case-by-case basis, 

depending on whether meaningful residual 

uncertainty remains after reviewing more sensitive 

evidence 

 

5. Clear Comparison of FDA Expectations: 2015 Versus 2025 

 

Table 01. Comparison of FDA Regulatory Approaches on CES in 2015 and 2025 

Aspect 

 

FDA Perspective Around 2015 

 

FDA Perspective Around 2025 

Regulatory maturity 

 

Early phase of biosimilar 

regulation with limited approval 

experience 

 

Advanced stage with extensive 

review and approval experience 

 

Importance of CES 

 

Considered an essential 

confirmation step 

 

Considered optional and context-

dependent 

 

Regulatory mindset 

 

Preference for conservative 

clinical confirmation 

 

Preference for science-led, risk-

based evaluation 

 

Primary decision drivers 

 

Clinical efficacy outcomes played 

a major role 

 

Analytical similarity and PK 

comparability drive decisions 

 

Use of PK studies 

 

Mainly supportive in nature 

 

Central to establishing clinical 

comparability 

 

Sensitivity of analytical 

tools 

 

Viewed as insufficient alone 

 

Recognized as highly sensitive and 

reliable 

 

Clinical trial burden 

 

Larger and more frequent efficacy 

trials 

 

Reduced and targeted clinical 

requirements 

 

Flexibility in 

development 

 

Limited flexibility for sponsors 

 

Increased flexibility based on 

totality of evidence 
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During the earlier phase of biosimilar regulation, the 

FDA relied more heavily on comparative efficacy 

trials due to limited regulatory experience and 

evolving analytical capabilities. As a result, sponsors 

were often expected to include CES to provide 

additional assurance of biosimilarity. With 

advancements in analytical methodologies and 

increased familiarity with biosimilar development 

outcomes, the FDA’s current approach reflects 

greater confidence in non-clinical and clinical 

pharmacology data. This shift allows regulators to 

assess whether CES meaningfully contribute to 

decision-making rather than treating them as a 

routine requirement. 

 

6. Real-World FDA Approval Experience 

Supporting the Evolving Regulatory Approach: 

Experience gained from FDA-approved biosimilars 

clearly demonstrates how the regulatory role of 

comparative efficacy studies (CES) has evolved over 

time. Under the 2015 FDA Scientific Considerations 

guidance, CES were commonly included in 

biosimilar development programs as a conservative 

measure to address residual uncertainty[12]. 

However, retrospective evaluation of approved 

products indicates that these studies rarely influenced 

final regulatory decisions when strong analytical and 

pharmacokinetic evidence was already available. 

A representative case study which  is the infliximab 

biosimilar CT-P13 (Inflectra®), approved by the 

FDA in 2016. In line with the regulatory expectations 

prevailing at that time, the development program 

included extensive comparative analytical 

characterization, pharmacokinetic studies, 

immunogenicity assessment, and large Phase III 

comparative efficacy trials in sensitive clinical 

indications. Although these trials consistently 

demonstrated comparable efficacy and safety 

between the biosimilar and the reference product, 

their outcomes did not materially alter the FDA’s 

regulatory conclusion, which was already supported 

by robust analytical and pharmacokinetic similarity 

data. From the perspective of the October 2025 FDA 

draft guidance, such comparative efficacy studies 

would be unlikely to meaningfully reduce residual 

uncertainty and may therefore be considered 

unnecessary when the totality of evidence is 

sufficiently strong.  

Further insight into the FDA’s evolving thinking can 

be drawn from the approval of filgrastim biosimilar 

(Zarxio®) in 2015, the first biosimilar approved in 

the United States. In this case, the FDA placed 

significant emphasis on sensitive pharmacokinetic 

and pharmacodynamic markers, such as absolute 

neutrophil count, which were considered more 

informative than traditional clinical efficacy 

endpoints. This approval pathway demonstrated early 

regulatory confidence in clinical pharmacology data 

and foreshadowed the science-driven approach that 

has now been formally articulated in the 2025 draft 

guidance[13]. 

Similar observations have been made across multiple 

adalimumab biosimilar approvals, where large 

comparative efficacy trials were routinely conducted 

during early development programs. While these 

studies consistently confirmed equivalence, 

published regulatory analyses indicate that their 

outcomes were largely predictable and provided 

limited incremental value beyond that already 

established through analytical similarity and 

pharmacokinetic comparability. 

Collectively, these real-world regulatory experiences 

support the FDA’s current position that comparative 

efficacy studies should not be treated as routine 

requirements. Instead, their inclusion should be 

scientifically justified and based on whether 

meaningful residual uncertainty remains after 

comprehensive analytical, pharmacokinetic, and 

immunogenicity assessments, in accordance with the 

totality-of-the-evidence framework outlined in the 

October 2025 draft guidance. 

 

                                  2015 FDA Regulatory Framework: 

Comparative Analytical Similarity 

 

 

Pharmacokinetic Studies 

 

 

Immunogenicity Assessment 
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Comparative Efficacy Study (Routine) 

 

 

 

Regulatory Decision (Conservative, confirmation-based) 

 

2025 FDA Draft Guidance Framework: 

 

Advanced Analytical Similarity 

 

 

Human PK Similarity 

 

 

 

Immunogenicity Assessment 

             

 

Assessment of Residual Uncertainty 

 

                               

No meaningful risk → CES not required → Approval 

 

                                    

Specific uncertainty→ Targeted CES (case-by-case) 

(Science-led, risk-based, totality-of-evidence) 
 

Case study-2:  

Zarxio (filgrastim-sndz) is a biosimilar of 

Neupogen 

Reference (originator) biologic: Neupogen 

(Filgrastim) 

Company: Sandoz 

FDA approval: 2015 (first FDA-approved biosimilar 

in the US) 

Zarxio (filgrastim-sndz), approved by the FDA in 

2015 as a biosimilar to Neupogen, demonstrated 

comparable safety, purity, and potency, establishing a 

regulatory benchmark for biosimilar approvals in the 

United States. 

Regulatory Documents Required in 2015 but No 

Longer Mandatory Under FDA October 2025 

Biosimilar Guidance 

During the approval of Zarxio in 2015, biosimilar 

sponsors were required—or strongly encouraged—to 

submit several documents and studies due to 

regulatory uncertainty and limited prior experience. 

However, the October 2025 FDA biosimilar guidance 

has eliminated or reduced the need for many of these 

submissions[17]. 

 

• Comparative Clinical Efficacy Trial 

Reports: 

2015 requirement: 

Zarxio sponsors conducted comparative Phase III 

clinical efficacy trials primarily to address FDA 

uncertainty and stakeholder confidence, despite 

strong analytical similarity. 

2025 status:  Not mandatory in many cases 

The updated guidance states that comparative 

efficacy studies are no longer required when 

analytical, functional, and PK/PD data sufficiently 

demonstrate biosimilarity. 

Document no longer essential: Phase III comparative 

efficacy clinical study report (CSR) 

• Multiple Indication-Specific Clinical 

Study Submissions 

2015 requirement: 

Sponsors prepared justification dossiers and 

sometimes additional data packages to support 

extrapolation across all reference product indications. 

2025 status: Simplified / reduced 

Indication extrapolation is now well-established, 

requiring a focused scientific rationale rather than 

extensive clinical documentation. 

Document reduced: Separate indication-wise clinical 

justification reports 

• Extensive Immunogenicity Clinical Study 

Reports: 

2015 requirement: 
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Long-duration immunogenicity studies were often 

included to address concerns about anti-drug 

antibodies. 

2025 status: Not always required 

The FDA now accepts shorter, targeted 

immunogenicity assessments supported by analytical 

and PK data. 

Document reduced: Long-term standalone 

immunogenicity CSR 

 

• Redundant Pharmacodynamic Clinical 

Study Documentation 

2015 requirement: 

Sponsors submitted multiple PD studies even when a 

sensitive PD biomarker (e.g., ANC count for 

filgrastim) was already validated. 

2025 status: Waivable 

If a validated PD marker exists, a single robust 

PK/PD study is sufficient. 

Document no longer required: Multiple PD study 

reports 

• Additional “Confirmatory” Clinical 

Safety Studies: 

2015 requirement: 

Extra safety datasets were included beyond core trials 

to compensate for lack of U.S. post-marketing data. 

2025 status: Removed 

FDA now relies on global experience and real-world 

evidence. 

Document removed: Supplemental confirmatory 

safety study reports 

• Separate Interchangeability Planning 

Documents (Pre-Approval): 

2015 requirement: 

Interchangeability was unclear, so sponsors avoided 

submitting detailed interchangeability strategies. 

2025 status: Merged pathway 

Interchangeability can now be planned within the 

main biosimilar dossier. 

Document no longer separate: Standalone 

interchangeability strategy document 

• Excessive Justification for Naming and 

Traceability: 

2015 requirement: 

Sponsors submitted detailed naming and 

pharmacovigilance explanations due to uncertainty. 

2025 status: Standardized 

FDA guidance now clearly defines naming 

conventions. 

Document simplified: Expanded naming justification 

dossier[18]. 

 

Table 02: Regulatory Documents Required During Early Biosimilar Approvals (2015) Versus Current 

FDA Expectations (October 2025) 

Document Type Required in 2015 Required in 2025 

Phase III efficacy CSR Yes No 

Multiple indication dossiers Yes No 

Long-term immunogenicity 

studies 

Yes Reduced 

Multiple PD study reports Yes No 

Supplemental safety studies Yes No 

Separate interchangeability 

dossier 

Yes Integrated 

Naming justification dossier Yes Standardized 

 

Case study 3: Locally Acting Biosimilar as an 

Exception Case 

Not all biosimilars follow a streamlined pathway. For 

locally acting biologics, such as intravitreally 

administered products, systemic pharmacokinetic 

comparisons may not be feasible or clinically 

relevant. Under both earlier and current frameworks, 

some form of clinical evaluation may still be 

necessary[19]. However, the 2025 guidance clarifies 

that such requirements are based on scientific 

rationale rather than routine expectations, reinforcing 

a case-by-case regulatory approach. 

7. Rationale for the FDA's Evolving 

Position: 

The FDA's updated regulatory stance is driven by 

advances in analytical technologies, improved 

understanding of biologic structure-function 

relationships, and accumulated experience from 

biosimilar approvals. Collectively, these factors have 

demonstrated that CES often provide limited 

incremental value when robust analytical and PK data 

are available. 

 

8. Conclusion: 

The evolution of FDA regulatory guidance 

from the 2015 Scientific Considerations in 

Demonstrating Biosimilarity to the October 2025 

draft guidance reflects a deliberate shift toward a 
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science-driven, risk-based framework in biosimilar 

development. Comparative Efficacy Studies (CES), 

once considered a near-mandatory step to confirm 

biosimilarity, are now regarded as optional and 

context-dependent. This change is underpinned by 

the recognition that modern analytical and 

pharmacokinetic assessments are often more 

sensitive and informative than traditional clinical 

efficacy trials in detecting meaningful differences 

between a biosimilar and its reference product. 

The totality-of-the-evidence approach 

emphasizes the collective evaluation of analytical 

similarity, human PK data, and immunogenicity 

results as the primary determinants of biosimilarity. 

CES are reserved for situations where residual 

uncertainty remains after these assessments. This 

flexible approach allows for targeted, efficient 

clinical testing rather than routine large-scale efficacy 

trials, ultimately streamlining development timelines, 

reducing costs, and improving patient access to safe 

and effective biologic therapies without 

compromising regulatory rigor. 

In exceptional cases, such as locally acting 

biologics where systemic PK comparisons may be 

infeasible, CES or alternative clinical evaluations 

may still be warranted, but these requirements are 

justified scientifically rather than applied by default. 

Overall, the updated FDA guidance aligns regulatory 

practice with the latest scientific capabilities, 

accumulated experience, and the principle of 

proportionality in evidence generation. 

 

References: 
[1]. Shailaja Pashikanti,  Jyothi Sri Durga V, 

Sowmya A.N.V.L.”Regulatory overview of 

Biosimilars in Europe”, ISSN-2321-

6794,International Journal of Drug Regulatory 

Affairs,12th Sept.2018. 

[2]. U.S. Food and Drug Administration. Scientific 

Considerations in Demonstrating 

Biosimilarity to a Reference Product. 

Guidance for Industry. April 2015. 

[3]. U.S. Food and Drug Administration. Scientific 

Considerations in Demonstrating 

Biosimilarity to a Reference Product: Updated 

Recommendations for Assessing the Need for 

Comparative Efficacy Studies. Draft Guidance 

for Industry. October 2025. 

[4]. Public Health Service Act, 42 U.S.C. §262(k). 

[5]. Cavazzoni P, Yim S. The science of 

biosimilars-updating interchangeability. 

JAMA. 2024;332(15):1235-1236. 

[6]. Kirsch-Stefan N, Guillen E, Ekman N, Barry 

S, Knippel V, Killalea S, Weise M, Wolff-Holz 

E. Do the outcomes of clinical efficacy trials 

matter in regulatory decision-making for 

biosimilars? BioDrugs. 2023;37(6):855-871 

[7]. U.S. Food and Drug Administration. 

Development of Therapeutic Protein 

Biosimilars: Comparative Analytical 

Assessment and Other Quality-Related 

Considerations. Guidance for Industry. 

September 2025. 

[8]. U.S. Food and Drug Administration. 

Considerations in Demonstrating 

Interchangeability with a Reference Product: 

Update. Draft Guidance for Industry. June 

2024. 

[9]. U.S. Food and Drug Administration. 

Biosimilar Product Information. FDA; latest 

update. 

[10]. U.S. Food and Drug Administration. 

Biosimilars-Science and Research. FDA; 

latest update. 

[11]. World Health Organization. Guidelines on 

Evaluation of Biosimilars. WHO Technical 

Report Series; latest edition. 

[12]. Weise M, Bielsky MC, De Smet K, Ehmann F, 

Ekman N, Narayanan G, et al. Biosimilars: 

what clinicians should know. Blood. 

2012;120(26):5111-5117. 

[13]. U.S. Food and Drug Administration.FDA 

approves Inflectra, a biosimilar to 

Remicade.FDA News Release, April 5, 2016. 

[14]. U.S. Food and Drug Administration. Summary 

Basis for Regulatory Action (SBRA): Inflectra 

(infliximab-dyyb). Center for Drug Evaluation 

and Research (CDER), 2016. 

[15]. McCamish M, Woollett G. Worldwide 

experience with biosimilar development. 

MAbs.2011;3(2):209-217. 

[16]. Kirsch-Stefan N, et al. Bio Drugs. 

2023;37(6):855–871. 

[17]. Cavazzoni P, Yim S. JAMA. 

2024;332(15):1235–1236 

[18]. U.S. Food and Drug Administration. FDA 

approves first biosimilar product Zarxio. 2015. 

[19]. FDA. Scientific considerations in 

demonstrating biosimilarity to a reference 

product. 

[20]. Wolff-Holz E, Tiitso K, Vleminckx C, Weise 

M. Evolution of the EU biosimilar framework: 

past and future. BioDrugs. 2019;33(6):621-

634. 


