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ABSTRACT 
 

Comparative efficacy trials have historically served as visible clinical confirmation within biosimilar 

development, but their incremental scientific value has become increasingly contested as analytical 

characterization, functional testing, pharmacokinetic comparison, pharmacodynamic biomarkers, and 

immunogenicity assessment have become more sensitive. This critical evidence review evaluates whether 

comparative efficacy trials still resolve uncertainties that materially affect biosimilar development or regulatory 

decision-making. A transparent, question-led search and appraisal approach was used to prioritize literature 

addressing the totality of evidence, analytical similarity, reference-product variability, endpoint sensitivity, 

pharmacokinetic and immunogenicity uncertainty, and the consequences of retaining or waiving comparative 

efficacy testing. The central tension is that patient-level efficacy endpoints appear clinically direct but may be 

less capable than upstream methods of detecting or attributing small product-related differences. Disease 

heterogeneity, background treatment, saturated dose-response relationships, broad equivalence margins, 

endpoint measurement error, and reference-product variability can further reduce discrimination. Nevertheless, 

manufacturing-related immune risk, inadequately characterized functional differences, or uncertainty that cannot 

be resolved through analytical or clinical-pharmacology evidence may still justify targeted comparative clinical 

testing. The reviewed evidence supports neither automatic retention nor universal elimination of comparative 

efficacy trials. Their value depends on whether a clinically plausible and product-related uncertainty remains, 

whether the selected clinical model can detect its expected consequence, and whether the result could alter a 

development or regulatory conclusion. Comparative efficacy testing should therefore be treated as a conditional 

uncertainty-resolution tool rather than a routine final step. This judgement remains product-, mechanism-, assay-

, population-, and regulatory-context dependent.  
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INTRODUCTION 

Biosimilar development differs fundamentally from development of a new biological medicine. The objective is 

not to independently re-establish the reference product’s benefit–risk profile but to demonstrate that the proposed 
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product is highly similar and has no clinically meaningful differences from an already characterized comparator. 

The European framework initially incorporated substantial comparative clinical testing because analytical 

methods, structure–function understanding, and regulatory experience were less mature. As these capabilities 

developed, the evidentiary emphasis shifted progressively toward analytical and functional characterization 

supported by targeted clinical pharmacology and immunogenicity assessment [1]. 

This evolution has intensified debate over the continuing role of comparative efficacy trials. Such studies are 

costly, lengthy, frequently conducted in patients receiving effective treatment, and often designed around 

equivalence rather than superiority. Their apparent clinical directness can obscure a more important question: 

whether the selected endpoint can sensitively detect a small product-related difference and attribute that difference 

to the biosimilar rather than to disease variability, background therapy, assay performance, or comparator 

fluctuation. Retrospective examination of development programs suggests that most comparative efficacy studies 

confirmed conclusions already supported by preceding evidence, whereas clinically consequential concerns were 

uncommon and often connected to product or process quality and immunogenicity [2]. 

A streamlined alternative does not imply that human evidence is unimportant. Rather, it proposes that each clinical 

component should answer a defined residual question. Comparative pharmacokinetic studies may identify 

exposure differences; pharmacodynamic measures may provide a proximal and sensitive comparison of biological 

activity; and targeted immunogenicity assessment may address specific immune risks. Under this model, a 

comparative efficacy trial is justified only when the preceding evidence leaves a clinically meaningful uncertainty 

that a sufficiently sensitive patient study can resolve [3]. Routine performance of a trial without such an 

uncertainty target risks generating confirmation without discrimination. 

Regulatory decision analyses have further challenged the assumption that efficacy outcomes independently 

determine biosimilar acceptability. Publicly available application evidence indicates that major concerns tend to 

arise from quality, manufacturing, analytical, or pharmacokinetic findings rather than from an isolated failure to 

reproduce a reference product’s efficacy estimate. Conversely, an apparently successful efficacy trial cannot 

compensate for unexplained analytical or functional differences. This review therefore critically examines when 

comparative efficacy trials change conclusions, when they add little incremental information, and how their value 

should be judged within an integrated totality of evidence [4]. 

Review question and decision context 

The central review question is whether a comparative efficacy trial resolves meaningful uncertainty after 

analytical similarity, functional comparability, pharmacokinetic evidence, pharmacodynamic information where 

available, and immunogenicity risk have been considered. Meaningful uncertainty is defined here as uncertainty 

that is clinically plausible, remains unresolved by more direct evidence, is observable in the proposed clinical 

model, and could change a development or regulatory decision. This four-part definition is an original critical 

synthesis rather than a validated regulatory algorithm. 

A comparative efficacy trial is a controlled clinical study intended to determine whether the biosimilar and 

reference product produce sufficiently similar efficacy outcomes within prespecified statistical margins. Its 

scientific value should not be inferred merely from the clinical importance of the endpoint. An endpoint can be 

clinically important yet insensitive for biosimilarity because it lies far downstream from the product attribute 

being compared. Disease heterogeneity, spontaneous variation, concomitant treatment, subjective assessment, 

delayed responses, and therapeutic dose saturation may dilute a small product-related difference that analytical or 

pharmacodynamic methods could detect more directly [3]. 

The decision context also requires separation of concepts that are often conflated. Analytical similarity concerns 

comparative structural, physicochemical, and functional attributes. Clinical comparability concerns whether any 

remaining difference has a relevant effect in humans. Indication extrapolation applies the totality of evidence and 

scientific justification across licensed uses rather than requiring independent efficacy trials in every population. 

Interchangeability concerns substitution or switching under a particular legal and regulatory framework. A 

comparative efficacy result may contribute to one element of this reasoning, but it does not independently establish 

all four. 

Scientific uncertainty must also be distinguished from implementation uncertainty. Prescribers, patients, payers, 

and health systems may desire a familiar phase III trial because it appears reassuring. That preference may be 

understandable, but it does not demonstrate that the study is sensitive to the remaining product-related question. 

Regulatory analyses indicate that clinical findings require interpretation alongside the quality package and cannot 
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be treated as an independent evidentiary override [4]. A trial performed principally to communicate confidence 

should therefore not be misclassified as necessary uncertainty resolution. 

Evidence-identification and critical-appraisal approach 

This article uses a transparent, question-led critical-review design. The evidence-identification process focused 

on literature addressing comparative biosimilar efficacy trials, totality-of-evidence development, analytical and 

functional similarity, reference-product variability, critical quality attributes, pharmacokinetic and 

pharmacodynamic comparison, immunogenicity, switching, extrapolation, interchangeability, and tailored 

regulatory pathways. Searches were conducted across biomedical databases, publisher platforms, DOI-linked 

bibliographic records, and forward and backward citation pathways. The approach was designed to identify 

decision-relevant evidence and does not claim exhaustive systematic coverage. 

Eligible sources were peer-reviewed journal articles with verifiable bibliographic records and direct relevance to 

at least one review question. Priority was given to primary analytical studies, randomized comparative trials, 

pharmacokinetic or pharmacodynamic investigations, immunogenicity analyses, regulatory dossier evaluations, 

and multicountry regulatory assessments. Reviews and perspectives were retained when they clarified field-level 

assumptions, historical rationale, methodological controversy, or stakeholder and policy boundaries. Sources were 

excluded when they provided only general biosimilar commentary, lacked an extractable connection to the 

decision question, or would require interpretation beyond the product, population, method, or regulatory context 

examined. 

The appraisal compared each source according to the uncertainty addressed, proximity of the measured endpoint 

to the suspected product difference, analytical or clinical sensitivity, capacity for causal attribution, internal 

validity, external validity, and relevance to an actual decision. Particular attention was given to contradictions 

between analytical findings and clinical outcomes, differences caused by reference-product drift or non-product 

variability, and cases in which a trial was statistically inconclusive without demonstrating clinically meaningful 

dissimilarity. The synthesis is qualitative and interpretive; it does not pool treatment effects, assign numerical 

quality scores, or estimate the probability that a future efficacy trial will change a regulatory conclusion. 

Historical rationale for comparative efficacy trials 

The historical rationale for comparative efficacy trials emerged from the need to support an abbreviated but 

credible development pathway. Because a biosimilar relies on the established clinical knowledge of its reference 

product, the development program is comparative and inferential. Early regulators nevertheless required 

substantial clinical confirmation because small structural differences in complex proteins could not always be 

fully characterized, and the relationship between measured quality attributes and clinical outcomes was 

incompletely understood. Comparative trials therefore functioned as a precautionary final layer rather than as 

independent demonstrations of therapeutic efficacy [5]. 

Advances in risk-based characterization changed this evidentiary balance. Critical quality attributes can be 

selected according to their potential influence on biological activity, pharmacokinetics, safety, and 

immunogenicity, and analytical methods can be prioritized according to sensitivity and uncertainty. This tiered 

approach does not eliminate judgement: attribute criticality, acceptable variability, and clinical relevance remain 

context dependent. It does, however, allow the development program to investigate product differences directly 

rather than waiting for a downstream patient endpoint to reveal an unexplained consequence [6]. 

The limitations of the historical model are particularly visible in oncology. Comparative studies may use 

pathological response, progression-related measures, or other accepted outcomes in patients receiving 

combination regimens. Such endpoints can be clinically meaningful but may be influenced by tumour 

heterogeneity, diagnostic assessment, concomitant agents, treatment timing, and high-dose regimens operating 

near the plateau of the exposure–response curve. These features can reduce assay sensitivity and make it difficult 

to determine whether an observed difference is attributable to the biological product itself [7]. 

The increasing sensitivity of analytical and clinical-pharmacology methods therefore prompted calls to end routine 

phase III biosimilar trials. That position captured a genuine methodological concern: a large patient study should 

not be assumed to add value merely because it is clinically familiar. Yet the categorical removal of efficacy testing 

would also be difficult to defend when a clinically plausible uncertainty remains unresolved or when no sensitive 

pharmacodynamic alternative exists. The historical debate is best reframed not as “clinical trials versus no clinical 

trials,” but as a requirement that every comparative trial identify the specific uncertainty it is expected to resolve 

and demonstrate that its design can detect the corresponding difference [8]. 
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Analytical and functional evidence preceding clinical trials 

Modern similarity assessment begins with the premise that clinically relevant effects originate from product 

attributes and biological functions. Longitudinal analyses of trastuzumab reference lots identified shifts in Fc-

related attributes and antibody-dependent cellular cytotoxicity, demonstrating that the comparator itself may 

change within its approved lifecycle [9]. A clinical trial conducted against a limited set of contemporary lots may 

therefore compare products without revealing how the reference-product target evolved. 

Characterization of the trastuzumab biosimilar SB3 further showed the importance of integrating structural, 

binding, and functional evidence with reference-lot history. Differences observed across comparator lots could be 

distinguished from candidate-specific deviations only because the analytical program examined the relevant 

quality attributes directly [10]. Without this context, a downstream efficacy difference might be incorrectly 

attributed to the biosimilar or dismissed as clinical noise. 

Orthogonal analytical methods can interrogate molecular structure, receptor binding, Fc-mediated activity, purity, 

aggregation, and other attributes through independent measurement principles. The HLX02 program illustrated 

how sensitive FcγRIIIa affinity and functional assays can localize differences that broad patient outcomes may 

dilute [11]. Such methods do not prove that every detected difference has a clinical consequence, but they clarify 

its mechanism and potential relevance. 

Recent approval experience indicates that successful monoclonal-antibody programs commonly rely on 

convergent structural and functional methods rather than a single similarity test [12]. Across trastuzumab case 

studies, orthogonal analytical and functional methods exposed reference-product drift and structure–function 

differences that aggregate clinical efficacy endpoints were poorly positioned to localize [9-11]. Analytical 

evidence is therefore strongest for detection and attribution; clinical relevance must still be evaluated through 

mechanism, exposure, immunogenicity, and residual-risk reasoning. 

Table 1 organizes the evidence, constructs, relationships, uncertainties, and boundary conditions required for 

contested claims, hidden assumptions, and evidence standards in do comparative efficacy trials still resolve 

meaningful uncertainty in biosimilar. 

Table 1. Contested claims, hidden assumptions, and evidence standards in Do Comparative Efficacy Trials Still 

Resolve Meaningful Uncertainty in Biosimilar. 

Evidence 

domain or 

review construct 

Review 

question 

Eligible evidence 

type 

Key 

extraction 

fields 

Appraisal or 

relevance 

criterion 

Synthesis 

role 

Main 

limitation 

Interpretation 

boundary 

Reference-

product 

variability 

Is the 

comparator a 

stable 

analytical 

target? 

Longitudinal lot 

characterization 

Attribute drift, 

functional 

change, lot 

period 

Ability to 

distinguish 

comparator 

evolution 

from 

candidate 

deviation 

Tests a 

hidden 

assumption 

underlying 

clinical 

comparison 

Product-

specific 

evidence 

Analytical drift 

does not alone 

establish patient 

harm [9]. 

Critical quality 

attributes 

Which 

differences 

could plausibly 

affect clinical 

performance? 

Risk-based 

analytical 

methodology 

Attribute 

criticality, 

method 

sensitivity, 

mechanism 

Biological 

relevance and 

orthogonality 

of methods 

Connects 

analytical 

difference to 

residual 

uncertainty 

Criticality 

remains 

partly 

judgement 

based 

A measured 

difference is not 

automatically 

clinically 

meaningful [6]. 

Orthogonal 

analytical 

similarity 

Can upstream 

methods detect 

differences 

more 

sensitively? 

Structural, 

physicochemical, 

binding, and 

functional studies 

Assay 

principle, 

sensitivity, 

variability, 

reference-lot 

range 

Directness 

and ability to 

localize 

mechanism 

Establishes 

the primary 

evidence 

base 

Public 

packages may 

not disclose 

all methods 

Analytical 

similarity 

cannot predict 

every clinical 

consequence 

[11]. 

Clinical efficacy 

confirmation 

Does a patient 

endpoint add 

an independent 

discriminatory 

signal? 

Comparative 

efficacy trial 

Population, 

dose, 

endpoint, 

margin, 

background 

therapy 

Assay 

sensitivity and 

decision-

changing 

potential 

Tests 

incremental 

value 

Downstream 

variability 

may mask 

small 

differences 

Clinical 

importance does 

not guarantee 

discriminatory 

sensitivity [7]. 

Immunogenicity 

risk 

Could product 

or process 

Aggregate, 

impurity, ADA, 

Assay 

tolerance, 

Product 

attribution 

Identifies 

uncertainty 

Rare events 

are difficult 

Broad efficacy 

trials are not 
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differences 

provoke a 

clinically 

relevant 

immune 

response? 

neutralizing-

antibody, and 

mechanistic 

studies 

timing, titre, 

mechanism, 

exposure 

and clinical 

plausibility 

that may 

justify 

targeted 

human 

evidence 

to study 

prospectively 

automatically 

sensitive to 

immune risk 

[13]. 

Proposed 

meaningful-

uncertainty test 

Is the 

uncertainty 

plausible, 

unresolved, 

observable, and 

decision-

changing? 

Integrated review 

synthesis 

Source of 

uncertainty, 

expected 

consequence, 

sensitive 

model, 

decision 

effect 

All four 

conditions 

must be 

justified 

Proposed 

rule for trial 

justification 

Not 

externally 

validated 

This construct is 

an original 

review 

synthesis, not a 

regulator-

approved 

standard. 

Sensitivity and statistical limitations of efficacy endpoints 

A patient efficacy endpoint is often clinically recognizable but biologically distant from the quality attribute under 

comparison. Pharmacodynamic biomarkers may provide a more proximal measure when they reflect the product’s 

mechanism and respond across a suitable exposure range [14]. Their potential advantage is not convenience alone; 

it is the ability to compare biological activity before disease variability and background treatment obscure a 

modest difference. 

Regulatory data analyses support tailoring the clinical program according to what remains unresolved after quality 

and pharmacokinetic assessment [15]. If exposure is comparable and no functionally relevant difference remains, 

an additional efficacy study may have little independent capacity to change the conclusion. Conversely, 

unexplained exposure or functional findings should be investigated directly rather than averaged within a noisy 

patient endpoint. 

Replacing efficacy outcomes with pharmacodynamic evidence requires more than identifying a measurable 

biomarker. The marker must be mechanistically relevant, technically reproducible, sufficiently responsive, and 

interpretable across the selected dose and sampling interval [16]. A biomarker measured on a response plateau 

may be no more sensitive than the efficacy endpoint it replaces. 

A randomized PCSK9-inhibitor investigation demonstrated how careful dose selection and a responsive 

pharmacodynamic measure can magnify potential differences under controlled conditions [17]. Conventional 

efficacy trials may instead lose sensitivity through therapeutic-dose saturation, spontaneous disease variation, 

concomitant medication, endpoint misclassification, uncertain historical effects, or equivalence margins that 

tolerate differences larger than those detectable analytically. Statistical equivalence under such conditions 

establishes compatibility with the prespecified design, not complete biological identity. 

Cases in which trials changed development conclusions 

Clinically consequential product-related risk remains possible. Investigations of tungsten-induced erythropoietin 

aggregates connected a manufacturing-associated product feature with T-cell activation and pure red cell aplasia 

[13]. This case supports rigorous process control and targeted immune-risk investigation, but it does not establish 

that a routine efficacy-equivalence trial would be the most sensitive method for detecting such a problem. 

The opposite attribution error is also important. Two pharmacokinetic studies of GP2017 reported differences in 

antidrug-antibody findings that were associated with non-product factors, including variation between study 

settings [18]. An immunogenicity imbalance should therefore trigger investigation of assay performance, sample 

handling, population characteristics, exposure, and study conduct before it is interpreted as evidence of biosimilar 

dissimilarity. 

The SB3 comparative trial met its principal efficacy objective, but interpretation occurred within a program 

complicated by reference-product evolution and variability in pathological response assessment [19]. The trial 

supplied clinical confirmation, yet the analytical program was more capable of identifying the changing 

comparator characteristics that informed the biological explanation. 

In the LILAC study, conclusions appeared differently when treatment effects were expressed through risk-ratio 

and risk-difference frameworks [20]. This does not establish clinically meaningful inferiority of the biosimilar. It 

illustrates that endpoint scale, estimand, margin construction, and random variation can generate an apparently 

concerning result without identifying a product-related mechanism. Trials change development conclusions most 
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credibly when the finding is reproducible, mechanistically plausible, attributable to the candidate, and 

consequential for the integrated evidence package. 

Cases in which trials added little discriminatory information 

The NOR-SWITCH trial provided controlled evidence that switching from reference infliximab to CT-P13 was 

not inferior to continued reference treatment under the study design [21]. Its pooled indications and limited 

capacity for rare or indication-specific outcomes nevertheless restricted the conclusions that could be drawn about 

every switching context or product-quality risk. 

A randomized transition study involving SB2 similarly found no material efficacy, safety, or immunogenicity 

signal following transition from reference infliximab [22]. The study strengthened clinical reassurance, but 

absence of a detected difference did not independently explain why the products should perform similarly; that 

explanation remained grounded in the preceding comparability evidence. 

The broader early switching literature was generally reassuring, although study designs, populations, follow-up 

durations, switch patterns, and immunogenicity methods varied substantially [23]. Such evidence is relevant to 

implementation and interchangeability debates but should not be treated as proof that every comparative clinical 

study is sensitive to rare, delayed, or mechanism-specific differences. 

An updated synthesis likewise found no consistent loss of efficacy, safety, or immunogenicity after switching 

while preserving uncertainty concerning repeated switches and uncommon outcomes [24]. Controlled switching 

studies and the accumulated literature generally did not identify major losses of efficacy, safety, or 

immunogenicity after a single reference-to-biosimilar switch, although sensitivity to rare outcomes remained 

limited [21-23]. These studies supplied reassurance, but reassurance, discrimination, causal attribution, and rare-

event detection are distinct evidentiary functions. 

Table 2 organizes the evidence, constructs, relationships, uncertainties, and boundary conditions required for 

evidence supporting and challenging major claims, including methodological weaknesses. 

Table 2. Evidence supporting and challenging major claims, including methodological weaknesses. 

Method, platform, 

or evidence 

category 

Representative 

application 

Reported 

strength 

Validation 

context 

Generalization 

concern 

Contradictory 

evidence 

Evidence 

gap 

Review 

interpretation 

Longitudinal 

analytical 

characterization 

Reference 

trastuzumab lot 

drift 

Detects 

temporal 

attribute and 

functional 

changes [9] 

Product-

specific lot 

series 

Drift patterns 

may differ 

across products 

A clinical 

consequence 

was not 

directly 

measured 

Limited 

public 

longitudinal 

datasets 

Strong for 

detecting 

comparator 

evolution, not 

for quantifying 

patient risk. 

Orthogonal 

functional testing 

Fc-receptor 

binding and 

ADCC 

assessment 

Localizes 

mechanism-

related 

differences 

[11] 

Trastuzumab 

biosimilar 

program 

Not every 

clinical 

pathway has a 

sensitive assay 

Downstream 

effects may 

involve 

unmeasured 

biology 

External 

validation 

across 

modalities 

Usually more 

diagnostic than 

aggregate 

efficacy 

endpoints. 

Comparative 

efficacy trial 

SB3 and ABP 

980 oncology 

studies 

Provides 

patient-level 

outcome 

comparison 

[19] 

Controlled 

phase III 

settings 

Combination 

therapy and 

endpoint 

variability may 

dilute 

differences 

Estimand-

dependent 

interpretation 

occurred in 

LILAC [20] 

Direct 

measures of 

incremental 

decision 

value 

Useful only 

when the 

clinical model 

is sufficiently 

sensitive. 

Switching trial 

NOR-SWITCH 

and SB2 

transition 

Provides 

controlled 

reassurance 

[21] 

Patients 

receiving 

established 

therapy 

Limited rare-

event and 

repeated-switch 

sensitivity 

No consistent 

major signal in 

later synthesis 

[24] 

Long-term 

and 

complex-

switch 

evidence 

Reassurance 

should not be 

equated with 

complete 

discrimination. 

Immunogenicity 

investigation 

EPO aggregate 

mechanism 

Links a 

process 

feature to 

clinically 

consequential 

Mechanistic 

and clinical 

immune 

context 

Extreme case 

may not 

transfer to other 

biologics 

ADA 

imbalances 

may be non-

product-related 

[18] 

Sensitive 

prospective 

methods for 

rare events 

Targeted 

mechanistic 

assessment 

may 

outperform 
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immunity 

[17] 

broad efficacy 

testing. 

Pharmacodynamic 

comparison 

Mechanism-

linked 

biomarker 

studies 

Can provide 

proximal, 

responsive 

evidence [16] 

Controlled 

clinical-

pharmacology 

design 

Suitable 

biomarkers are 

not universally 

available 

Variability or 

dose selection 

may 

undermine 

sensitivity 

Qualification 

across 

products and 

populations 

A strong 

replacement 

option when 

biological and 

technical 

criteria are 

met. 

Residual uncertainty in PK and immunogenicity evidence 

Pharmacokinetic comparison can be highly sensitive because exposure integrates absorption, distribution, 

clearance, target-mediated disposition, and immune effects. Regulatory experience with monoclonal antibodies 

and fusion proteins nevertheless shows that immunogenicity must be interpreted across the complete evidence 

package and product lifecycle [25]. A conventional efficacy trial may be too small, too short, or too indirect to 

identify a rare immune-mediated event. 

A case analysis of ustekinumab biosimilars concluded that analytical evidence and single-dose pharmacokinetic 

studies provided sufficient information to establish comparable immunogenicity in that product context [26]. The 

conclusion is informative but not universal. Its transferability depends on assay sensitivity, exposure, mechanism, 

observed ADA patterns, process knowledge, and the absence of an unresolved product-specific immune risk. 

Pharmacodynamic evidence also has limitations. A randomized study of IL-5 antagonists showed that biological 

relevance alone does not guarantee a sensitive biosimilarity endpoint; variability, dose selection, response range, 

and sampling strategy remain decisive [27]. Failure of a biomarker strategy should lead to redesign or alternative 

evidence, not automatic assumption that a large efficacy trial will be more informative. 

Interferon beta-1a provides a contrasting example in which responsive pharmacodynamic markers supported a 

controlled comparison [28]. Residual uncertainty therefore depends on the product and model. Drug tolerance of 

ADA assays, timing of sample collection, neutralizing activity, low event frequency, healthy-volunteer 

transportability, and delayed immune outcomes must be considered explicitly. PK and targeted immunogenicity 

evidence may be sufficient, but only when their sensitivity matches the uncertainty being addressed. 

Decision framework for retaining, replacing, or waiving trials 

Regulatory assessment packages already vary in the nature and scale of comparative clinical evidence submitted, 

indicating that no single clinical template is scientifically necessary for every biosimilar [29]. Variation alone 

does not prove that every reduced program is optimal, but it demonstrates that product characteristics and residual 

evidence gaps influence clinical-development expectations. 

A developer-oriented framework proposes that trial requirements should follow residual uncertainty rather than a 

fixed sequence of development phases [30]. This principle is scientifically coherent, although developer 

perspectives may also reflect incentives to reduce development cost and time. The argument must therefore be 

assessed against independent analytical, regulatory, and clinical-pharmacology evidence. 

Contemporary expectations for tailored development emphasize that waiver is not evidentiary relaxation. A 

reduced program requires convincing analytical similarity, functionally relevant methods, adequate 

pharmacokinetic evidence, appropriate immunogenicity assessment, and a transparent explanation of why 

remaining differences lack clinically meaningful consequences [31]. 

Scientific arguments for waiving routine efficacy testing are strongest when the proposed trial lacks assay 

sensitivity and cannot alter the integrated conclusion [32]. Waiver is weaker when an unexplained functional 

difference persists, a process-related immune risk is plausible, PK comparability is uncertain, or no alternative 

method can observe the expected clinical consequence. 

Recent assessment, developer, and regulator-facing syntheses converge on a tailored residual-uncertainty 

approach rather than an automatic comparative efficacy requirement [29-31]. The proposed review framework 

therefore asks four sequential questions: Does meaningful uncertainty remain? Is it plausibly product-related? 

Can a sensitive clinical model detect it? Could the result change a decision? Failure at any gate favors targeted 

analytical, manufacturing, PK, PD, immunogenicity, or lifecycle evidence rather than a broad efficacy trial. 

Figure 1 presents the original conceptual synthesis for decision framework for the value of comparative biosimilar 

efficacy trials, showing how the article’s principal components, evidence relationships, uncertainties, and decision 

boundaries are connected. 
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Figure 1. Decision Framework for the Value of Comparative Biosimilar Efficacy Trials 

 

Counterarguments, boundary conditions, and policy implications 

A prominent counterargument is that comparative efficacy trials support prescriber and patient confidence even 

when their scientific discrimination is limited. Prescriber discussions confirm that clinical familiarity, switching 

concerns, and uncertainty about regulatory reasoning can influence adoption [33]. These concerns deserve 

transparent communication, but stakeholder reassurance is not equivalent to unresolved product-related 

uncertainty. 

A second boundary concerns unequal regulatory capacity. Jurisdictions differ in analytical expertise, access to 

appropriate reference products, manufacturing oversight, pharmacovigilance, traceability, and reliance 

mechanisms [34]. A streamlined pathway that is credible in a mature regulatory system may be difficult to 

implement safely where these supporting functions are incomplete. 
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International guidance has moved toward greater flexibility while preserving the core requirement for robust 

comparability and lifecycle oversight [35]. Flexibility should therefore mean product-specific evidence selection, 

not reduced scrutiny. Waiving an insensitive efficacy trial may require stronger analytical review, clearer residual-

risk justification, and more reliable postapproval monitoring. 

Policy should separate three functions that are frequently combined: establishing biosimilarity, managing residual 

risk, and communicating confidence. Insensitive trials should not be used as communication substitutes when 

better explanation of analytical science, regulatory standards, traceability, and pharmacovigilance is available. 

Conversely, clinical evidence should be retained when a specific uncertainty cannot be addressed reliably through 

other methods. 

Review limitations 

This review used a transparent critical search but did not claim exhaustive systematic coverage. The selection 

prioritized decision-relevant literature, and additional product-specific studies may provide different examples 

without altering the central conceptual distinction between confirmation and uncertainty resolution. 

The evidence base is heterogeneous. Analytical studies, randomized efficacy trials, switching investigations, 

pharmacodynamic studies, regulatory analyses, reviews, and stakeholder perspectives answer different questions. 

Their findings cannot be combined as though they measured one common outcome. 

 

CONCLUSION  

 

Comparative efficacy trials still can resolve meaningful uncertainty, but only under restricted conditions. Their 

value does not arise automatically from measuring a patient outcome; it depends on whether an unresolved and 

clinically plausible product-related difference remains, whether the selected model can detect its consequence, 

and whether the result could change a decision. Modern analytical, functional, pharmacokinetic, and qualified 

pharmacodynamic methods often provide more sensitive and causally interpretable evidence than broad efficacy 

endpoints. A successful efficacy-equivalence result cannot rescue inadequate analytical similarity, unexplained 

manufacturing or functional differences, or failed pharmacokinetic comparison. Equally, universal waiver would 

be premature where process-related immune risk, uncertain mechanism, inadequate biomarkers, or an observable 

clinical consequence remains unresolved. The appropriate regulatory question is therefore not whether 

comparative efficacy trials are intrinsically necessary, but whether a particular trial has a defined uncertainty target 

and credible discriminatory capacity. Retaining, replacing, or waiving the trial should follow that product-specific 

judgement. 
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