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Abstract: After 18 years and the administration of billions of doses, there is little doubt about biosimilars’ safety and efficacy. Yet, 
only 14 molecules in the EU and 9 in the US are available as biosimilars, among the 200+ targets, due mainly to the high development 
cost attributed to clinical efficacy testing after extensive analytical assessment, nonclinical testing, and clinical pharmacology 
comparisons. So far, none of the hundreds of clinical efficacy testing has failed because it cannot fail due to its lack of sensitivity 
for multiple reasons, as argued in this paper. This analysis is unique since biosimilars are the first category of products that are put to 
comparative testing as if these were new biological drugs. Clinical efficacy testing used to overcome differences in the analytical, 
nonclinical, and clinical pharmacology comparisons can lead to the approval of unsafe products. Only recently the regulatory agencies 
have begun to talk about this risk and shown their willingness to waive these studies. However, a clear change in the regulatory 
guidelines is required to change the mindset of all biosimilar stakeholders to bring a pivotal change in the availability of affordable 
biosimilars. 
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Introduction
So far, 84 biosimilars have been approved in Europe,1 including hormones, interferons, colony-stimulating, antibodies, 
and necrosis factor inhibitors. In addition, the FDA has approved 38 products2 containing nine molecules with the same 
product classes except for parathyroid hormone and FSH; 98 products are approved in India,2,3 in Latin America, 4 40 in 
Australia, 5 and 26 in Canada.6

The European Public Assessment Report (EPAR) program of the EMA7 and the FDA Approved Drugs Database8 

provide access to regulatory filings along with the details of the Agency’s communications with the developers to enable 
an understanding of the mindset of both the developers and the agencies. The reporting of safety and efficacy of 
biosimilars approved in the US are available in the FDA’s “Adverse Event Reporting System Database”9 and the 
European EudraVigilance: “The European Database of Suspected Drug Reaction Reports”10 provides current information 
by the product name and the type of adverse event and the history. While the safety and efficacy of new drugs are 
established in smaller clinical trials, the real-time market data confirms these attributes when millions of patients are 
exposed to the drug. The biosimilars with billions of doses administered have shown an impeccable record of safety and 
efficacy.

This review is based on the analysis of reported clinical trials conducted to support the registration of biosimilars in 
the US and EU, the changes in the regulatory guidance over the past 18 years, and recommendations to the regulatory 
agencies on how to improve the approval process. The developers are presented with scientific arguments to request 
clinical efficacy testing waivers.

Testing drugs in patients is the gold standard for developing new drugs. But for drugs whose efficacy and safety have 
already well-established, such testing is redundant as long as the products are similar at the molecular level. It works well 
for chemical drugs as there is no dispute about their chemical structure; for biological drugs, the structure is a variable 
requiring side-by-side comparisons with the reference product to ensure that the variability is comparable. Given the 
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complexity of the structure, subtle differences may not be identified. Unlike chemical drugs, such subtle differences may 
result in safety issues, requiring additional testing of disposition kinetic, pharmacodynamic, and immunogenicity 
comparisons with the reference product. Animal testing is useless as most species do not have the receptors pivotal to 
the action of biological drugs, even though regulatory agencies continue to suggest this testing. However, it is certain that 
if a developer asks for animal testing waivers, these will be granted.

Biosimilars are put to clinical efficacy testing after meeting all other merits described above to assure that there are 
“no clinically meaningful differences” compared with the designated reference product.11 Many biosimilars have been 
approved with efficacy testing, but only if reliable pharmacodynamic parameters can be compared in clinical pharma-
cology studies in healthy subjects or patients.

The clinical efficacy trials constitute more than 70% of the cost of developing biosimilars, estimated to be around 
USD 150–300 million.12 If these studies could add any value to the assessment of safety and efficacy, these costs would 
be justified. However, being the least sensitive testing, such studies raise ethical concerns codified in the US 21 CFR 
320.25(a)(13), the universal belief that “No unnecessary human testing should be performed.”13

Why do the regulatory agencies require or suggest clinical efficacy testing if these studies do not add value to the 
safety or efficacy evaluation? Until the era of generic chemical drugs, there were just branded drugs that had undergone 
extensive testing; the generic medicines that were chemically equivalent required a reduction in testing. In most cases, 
the efficacy testing was considered redundant. Yet, all generic drugs were required to demonstrate bioequivalence in 
healthy subjects until a few years later, it was realized that drugs with high solubility and high permeability do not need 
to be tested for bioequivalence leading to the allowance of waivers of bioequivalence testing. There is still a need for 
these guidelines to change, but that is a different topic. So, when the biosimilars arrived, the history was repeated. 
However, this time the issue was less on bioequivalence and more on efficacy since the molecular structure was not 
identical. Regulatory agencies are known to require testing often for an abundance of caution. However, we have clearly 
understood that clinical efficacy testing of biosimilars is useless because we are trying to find a needle in the haystack 
when there is no haystack or haystack. The main issue is the mindset of the stakeholders, particularly the prescribers, 
who are used to seeing such trials to gain confidence in a new product. It is difficult for many to visualize that 
comparative testing when the two products are supposed to be the same cannot fail because of study size constraints, 
arbitrary equivalence requirements, and the well-known dose-response variabilities. Since this is the first time we have 
faced this type of equivalence testing, it is taking longer to act. These walls of resistance are falling slowly, but they need 
to come down quickly to enable biosimilars to find their place in assuring the affordability of lifesaving drugs.

Background
If a product is chemically and biologically equivalent, it is correct to assume it will be clinically equivalent.14 Biosimilars 
have an analytically similar structure, the same dose, the same concentration (or strength), the same mode of action, and 
the same route of administration. However, they may have a different formulation, as described in 2019, the Biological 
Price Competition and Innovation Act.15 The regulatory plan to approve biosimilars assures it has “no clinically 
meaningful differences”11 with its designated reference product.

US
There are over 100 biosimilar programs enrolled with the FDA.16 To expedite the approval process, the FDA has taken 
several significant steps. The FDA has created two new guidelines, the extension of the Q&A presentations17 and the 
third revised draft guidance18 titled “New and Revised Draft Q&As on Biosimilar Development and the BPCI Act.” The 
FDA also updated The Purple Book FAQ section.18

The BPCIA states15 that the

Secretary may determine, in the Secretary’s discretion, that an element described in clause (i) (I) [the biosimilar testing] is 
unnecessary in an application submitted under this subsection. 

The FDA has subtly implemented this change in its new biosimilar guidance. However, unlike the EMA, MHRA, or 
WHO, the FDA is bound by the BPCIA legislation that further states that
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an application submitted under this subsection shall include information demonstrating that the biological product is biosimilar 
to a reference product based upon data derived from analytical studies, animal studies, and clinical studies. 

The new education material includes the phrase “in addition to analytical studies, other studies that may be needed”, 
not shall be, as stated in the BPCIA.

Biosimilars “may be approved based on PK and PD biomarker data without a comparative clinical study with efficacy 
endpoint(s)”, said the FDA.19,20 These studies are more sensitive than the clinical efficacy testing, as demonstrated in the 
comparison of testing of clinical efficacy with endpoint(s) for GCSF;21 the FDA has approved filgrastim-aafi, filgrastim- 
sndz, filgrastim-ayow (author’s), pegfilgrastim-jmdb, pegfilgrastim-cbqv, pegfilgrastim-pbbk (author’s) and epoetin alfa- 
epbx without any efficacy testing. The FDA now fully acknowledges the role of PD markers in establishing 
biosimilarity.22–24

Comparison of biomarkers is more objective and more sensitive, and the FDA guidance and the “Biosimilars Action 
Plan” includes a selection of strategies to identify PD biomarkers.20 We can use multiple biomarkers from broader 
epigenome, transcriptome, and proteome choices. How should we test the drugs that do not offer pharmacodynamic 
markers? Suggestions are made on using a clinical efficacy study with reliable markers instead of efficacy, but these, too, 
are highly variable and do not reduce the testing burden. Remember, the FDA allowed waivers of bioequivalence testing 
after research papers were published to question the wisdom of such testing. The FDA should come up with a clear 
explanation for why such studies are redundant and unacceptable to demonstrate biosimilarity. Though developers can 
challenge such study requirements but inquire if the FDA finds any “residual uncertainty”, and if so, it would be resolved 
by conducting a single efficacy testing. The latter part is the weakest FDA position point.

Changes in the FDA guidelines based on approved legislation are impossible until the rules are changed, and that 
requires a lot of political work.

EU
In 2001, much of the EU’s directive-based legislation concerning the regulation of medicines was codified as Directive 
2001/83/EC. The EMA has issued concept papers, draft guidance, and public scientific workshops. The EMA’s 
Committee for Medicinal Products for Human Use (CHMP) has also issued product class-specific guidance for 
recombinant erythropoietin, granulocyte-colony stimulating factor, recombinant human soluble insulin, low-molecular- 
weight heparins, somatropin, and recombinant interferon alfa.25 However, EMA has announced that they intend not to 
issue more specific biosimilar guidelines but instead prefer to give tailored advice on a case-by-case basis.25 This 
change in the EMA policy came from the FDA statements that such guidelines can misdirect the development of 
biosimilars.

The EMA has brought several changes to its guidelines; a decade ago, EMA would require efficacy testing even when 
there were reliable pharmacodynamic markers available; now, there is some harmony with the FDA, allowing waivers of 
some clinical efficacy testing of cytokines. Unlike the FDA, where a legislative change is required, it is relatively easier 
for the EMA to make such changes, though they still have to go through various committee discussions.

WHO
The World Health Organization (WHO) is not a regulatory authority, but it is mandated to support regulatory authorities 
in its 194 Member States. The WHO guidelines on evaluating biosimilars26 suggest to the National Regulatory Agencies 
(NRAs) the principles for approving biosimilars.

In 2019, the WHO Expert Committee on Biological Standardization (ECBS) considered that a more tailored and 
potentially reduced clinical data package might be acceptable in cases where the available scientific evidence supported 
this. In addition, the committee endorsed the review of current scientific evidence to consider updating the Guidelines to 
provide more flexibility and clarity. Thus, the WHO reviewed scientific evidence and experience to identify issues/cases 
for further reducing non-clinical and clinical data. The progress was reported to the committee in 2020 (72nd and 73rd).27 

It has resulted in additional suggestions on evaluating biosimilar monoclonal antibodies (mAbs) and an expanded Q&A 
document.
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In April 2022, the WHO published28 a revised guideline based on the 22 comments received. While the newest 
guideline and suggestions made by the WHO represent the views of global regulatory agencies, it still falls short of 
adding clarity to the need for clinical efficacy testing. Many misconceptions like using non-inferiority testing, not 
allowing entry of biosimilars until after the safety of the reference product are established in market analysis, using 
diverse sources of the reference product, and possibly using clinical efficacy testing to justify analytical differences.

The WHO statement,

It may also be prudent not to waive the efficacy and safety study when the reference product has common or unpredictable 
serious adverse effects that cannot be merely explained by exaggerated pharmacological action 

is a classic example of the misconceptions. Unfortunately, it is not likely that the 194 NRAs will agree on a significant 
change because of their mindset about the value of such testing, not realizing the uniqueness of this testing and why it 
does not serve any purpose.

UK
The MHRA, which broke off from EMA after Brexit, took several years to finalize its biosimilar guideline on 
14 May 2022: “although each biosimilar development needs to be evaluated on a case-by-case basis, it is considered 
that, in most cases, a comparative efficacy trial may not be necessary if sound scientific rationale supports this approach. 
Therefore, a well-argued justification for the absence of an efficacy trial should be appended to CTD Module 1 of the 
submitted application.29 This guideline has taken a clearer and more definite approach to the issues of animal testing and 
clinical efficacy evaluation. The UK made this decision since there are no multiple vested interests in the EMA or WHO, 
nor the legislative hurdles as in the US. It is indeed a remarkable advance in the regulatory plan that should be adopted by 
all agencies.

ROW
Most countries follow the guidelines discussed above; however, the WHO members are more inclined to follow them 
unless they are more affluent, like Saudi Arabia, where the FDA/EMA guidelines apply. Many countries treat biosimilars 
like generic chemical products, with no clinical testing. In most cases, clinical testing is suggested for a fixed number of 
patients. Recently, the concept of biological API (active pharmaceutical ingredient) has risen, where companies import 
the drug substance and finish it locally.

Action Plan
In the early days of biosimilar registrations, it was taken for granted by the developers that proof of clinical efficacy was 
required, regardless of the nature of the product. However, the text of the BPCIA:15

If there is residual uncertainty about biosimilarity after conducting structural analyses, functional assays, animal testing, human 
PK and PD trials, 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 

had provided hints for alternate possibilities that were ignored. The term “additional clinical data” need not come from an 
efficacy trial, as clarified by the FDA in its “Biosimilar Action Plan.”15 This could well be another PK/PD study. Thus, 
after completing an analytical assessment, nonclinical testing, and clinical pharmacology trials, developers should inquire 
with the FDA or EMA if any “residual uncertainty” will call for additional clinical data submission. Instead, the 
developers were ready to conduct these studies to market their products as new biological drugs.30

EMA also states,

generally, clinical data aim to address slight differences shown at previous steps and to confirm the comparable clinical 
performance of the biosimilar and the reference product. 

This statement creates confusion about how to define “slight difference.” An immunogenic response can trigger with 
slight modifications, leading to ADAs that might reduce the product’s effectiveness. Therefore, using clinical efficacy 
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data to support differences in “slight differences” or “residual uncertainty” is inappropriate because there is no basis for 
this justification.31

Clinical Pharmacology Trials
Clinical testing at the pharmacology stage is pivotal to demonstrating biosimilarity. These trials are like bioequivalence 
testing. Even though biological drugs are administered mainly by intravenous and other parenteral routes, bioequiva-
lence testing is needed to extend the analytical assessment. In this testing, we learn how the body views the molecule and 
how the molecules interact with the body. There can be differences in the disposition kinetics profile in many cases 
where these drugs are administered subcutaneously. This confirms that the best tool to establish biosimilarity is through 
PK/PD trials. The developers have often conducted multiple clinical pharmacology trials to establish immunogenicity 
profiles. The data reported in clinicaltrials.gov for Phase 1 and 2 studies list 370 studies32 as developers have reported 
numerous trials in the regulatory filings. In some instances, these trials were conducted in patients to avoid the risk of 
inducing immunogenicity in the healthy population, where the pharmacokinetic or pharmacodynamic responses are 
disease-dependent or where the ADA is a serious concern, as in the case of adalimumab33 or idarucizumab.34 Antidrug 
antibodies (ADAs), and more particularly, neutralizing antibodies (NAbs), can impact efficacy because capturing 
antibodies reduces the available dose. The immune complexes, size, and structure depend on ratio, concentration, and 
the epitope.35

The FDA has recognized the role of ADAs in assessing the immunogenicity of insulins and now allows waiver since 
immunogenicity does not alter the pharmacokinetic profile of insulins. The FDA36 guidance on Clinical 
Immunogenicity Considerations for Biosimilar and Interchangeable Insulin waives immunogenicity testing if it does 
not change the PK profile; the guidance associated with insulins should apply to other products is no PK dependence on 
immunogenicity. But this will require filing a petition to the FDA to secure waivers. Additionally, in vitro immuno-
genicity testing plans are under development, leading to the possibility that no immunogenicity testing will be required 
at the clinical level.

While the PK/PD studies represent a smaller cost of clinical trials, these can also be reduced significantly37 in 
a parallel design to assess all parameters. Novel PK modeling methods apply best to biological drugs because of their 
receptor binding properties and tissue distribution relevance. PK modeling using the distribution volume as a function of 
time is a novel approach that can bring relevance to receptor binding profile comparisons.37–40 The Biosimilars Action 
Plan of the FDA also suggests in silico modeling.

Clinical Efficacy Trials
The “Biologics Price Competition and Innovation Act” (BPCIA) of 200915 describes when clinical trials are required:

(cc) a clinical study or trials (including the assessment of immunogenicity and pharmacokinetics or pharmacodynamics) that are 
sufficient to demonstrate safety, purity, and potency in one or more appropriate conditions of use for which the reference product 
is licensed and intended to be used and for which licensure is sought for the biological product. 

The EMA presents its position on testing immunogenicity using alternate methods as follows:41

… ongoing consideration should be given to the use of emerging technologies (novel in silico, in vitro, and in vivo models), 
which might be used as tools during development or for the first estimation of risk for clinical immunogenicity. For example, 
in vitro assays based on innate and adaptive immune cells could help reveal cell-mediated responses. 

Most of these guidelines make a mistake, suggesting that the nature and extent of clinical evidence required should 
depend on the similarity shown by physicochemical assays and PK/PD profiles. The fact is that there is no degree of 
similarity since all testing is done under an acceptance protocol–a study either meets or does not meet the requirement. 
Next, no data are available to correlate the differences observed with the clinical response. For example, it is impossible 
to extrapolate an immune response to differences in physicochemical properties, and so is the efficacy since the 
biological drugs have a wide dose-response relationship. Conducting more extensive clinical testing does little to add 
to the value of a smaller clinical trial.
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Indications
Biosimilars are allowed extrapolation of all indications of the reference product. However, if clinical efficacy testing is 
suggested to overcome a residual uncertainty, can a single study for one indication resolve the uncertainty, even if the 
mode of action is the same? Regulatory agencies have no answer. For example, TNF-alfa blockers can be tested in 
a smaller psoriasis study while receiving approval for rheumatoid arthritis indication. Should a biosimilar be tested in all 
indications? This is where the logic of evaluating biosimilars fails.

Interchangeability
Only the US has two classes of biosimilars; standard biosimilars that have “no clinically meaningful difference” with its 
reference product; and an upgraded version, interchangeable biosimilars when the standard biosimilars are further tested 
in a three-cycle switching and interchanging with the reference product to assure that there is no reduced efficacy and no 
enhanced immunogenicity, to allow the pharmacist to substitute them at the dispensing level if the State laws allow. The 
first interchangeable products approved by the FDA are adalimumab, ranibizumab, and insulin glargine,42, which will 
have a 12-month exclusivity before another product is given the interchangeable status.

There is no scientific argument to support this biosimilar classification, presenting one of the weakest points in the 
FDA guideline. However, removing this category of a biosimilar will require a legislative change as advised by the 
author to the US Congress.43

Statistical Model
There are two types of clinical trials; equivalence and non-inferiority. Both FDA and EMA discourage non-inferiority 
trials because of the likelihood of approving a more effective biosimilar that assumingly has higher side effects since the 
two are proportional to most biological drugs.44 However, it is not uncommon for large pharma to conduct non-inferiority 
testing, planning to convince the prescribers that their product is superior, as reported for Abasaglar and Lusduna (insulin 
glargine) and Truxima, Rituzena, and Blitzima.45 This observation shows how biosimilar developers are trying to prove 
the superiority of their products when it is a sign of inferiority. This should be discouraged and disallowed if these data 
are submitted for the approval of a product. Unfortunately, not much can be done if these studies are conducted aside 
from the regulatory submission.

The statistical analysis should be prespecified, as with other clinical research protocols. Equivalence margins are 
essential for the test decision and must be predetermined because biosimilar trials are equivalence (or non-inferiority). 
Since there are many different examined indications in effectiveness studies and the permissible difference must indicate 
a difference that is not clinically significant and is disease-specific, it is impossible to utilize a uniform margin as is the 
case in bioequivalence trials. Equivalence margins in effectiveness trials typically vary from 0.3% to 15%, and in certain 
trials, up to 45% with no justification. In specific EPAR files, no margins were disclosed because there are no rules or 
guidelines. In non-inferiority trials, it is noteworthy that the margin structure is frequently created to maintain at least 
50% of the treatment benefit.50

Bayes Probability
What is the probability of a product being clinically equivalent if the efficacy testing meets the acceptance criteria? The 
Bayes hypothesis46 allows this calculation based on three factors: 1-β = probability of a “true positive”, ie, correctly 
rejecting the null hypothesis, also known as the study power that is set at 80%; α = probability of a Type I error, known as 
a “false positive”, that is set at 5%.; and, the probability of biosimilars being equivalent. Figure 1 shows the calculated 
Bayesian probability vs equivalence expected of a biosimilar. Even if the biosimilars are equivalent only 10% of the time, 
the likelihood that a clinical efficacy will report as meeting equivalence is 64% of the time. At the probability of 90%, the 
study will conclude a product is a biosimilar when it is not.

Study Size
The study size is calculated based on the limitations described above for Bayesian testing and on the intersubjective 
variability in a comparator mode.47 The study sizes are much smaller in a placebo-controlled trials than in a comparator 
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trial, as evidenced by the analysis presented in Box 1, listing the number of subjects enrolled in biosimilar clinical 
efficacy trials of biosimilars. The number of enrollees for the reference product was chosen for one indication and for the 
smallest size to demonstrate that a placebo-controlled study need not be large enough to provide the required study 
power. In addition, studies not intended for US or EU submission are identified in Box 1. None of these studies failed; the 

Figure 1 Equivalence as Bayes probability based on the α=0.05 and β=0.2.

Box 1 Number of Subjects Enrolled in Clinical Efficacy Testing of 
Biosimilars (www.clinicaltrials.gov)

Humira (Adalimumab) Avastin (Bevacizumab)

Reference: 70 Reference: 307
Biosimilars: Biosimilars:
200 (05172817) 138 (01763645)

294 (02714322) 450 (02954172)

305 (03806136) 500 (03390686)
413 (03849404) 627 (03296163)

465 (0201605) 763 (02754882)

544 (02167139) Herceptin (trastuzumab)
567 (04453137) Reference: 233
860 (03259074) Biosimilars

Rituxan (rituximab) *108 (03425656)
Reference 161 225 (01764022)

Biosimilars: 226 (02187744)

*107 (02514772) 875 (02149524)
*174 (01759030) Eylea (aflibercept)
*181 (01759030) Reference 250–280
140 (04268771) Biosimilars:

(Continued)
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likelihood that the large sample size will reveal any clinical relevance between the biosimilar candidate and the reference 
product is minuscule.

The study size calculations are further complicated by unique disease situations. As an example, there were 222 
patients enrolled on H0649g48 (trastuzumab reference) with a goal of 200 patients. Of these 223 patients, 213 patients 
were treated with Herceptin. Ten patients did not receive Herceptin for multiple reasons. Of those patients treated with 
Herceptin, 117 missed 253 doses for various reasons, including 15 for death and 11 for refusing to take the drug.

Current listings on clinicaltrials.gov provide a broad view of the status of biosimilar clinical trials. There are 58 
completed clinical efficacy trials and 38 ongoing clinical efficacy trials. None of the completed trials failed to meet the 
acceptance criteria.

Insensitivity and Lack of Specificity
Since clinical efficacy testing does not have sufficient sensitivity, other alternate options to confirm the safety and 
efficacy include:

● Using established PD parameters such as hematocrit for erythropoietin or WBC for filgrastim products to compare 
the efficacy, and thus no comparative clinical efficacy testing is required. Similarly, PD parameters in any product 
can be presented as an alternative to efficacy testing. FDA suggests that “biosimilars may be approved based on PK 
and PD biomarker data without a comparative clinical study with efficacy endpoint(s)” to reduce the time cost 
significantly when tested in healthy subjects20 while providing a highly reliable evaluation. When testing filgrastim 
biosimilars, the area under the curve of the neutrophil profile is found to be more sensitive, as it is a more objective 
test.22 The FDA has approved filgrastim, pegfilgrastim, and erythropoietin biosimilars without requiring clinical 
efficacy data. The developers can now be confident that no efficacy studies will be necessary if suitable PD 
biomarkers are available for these and other products; using multiple biomarkers provides a stronger argument for 
establishing biosimilarity.49,50 PD markers are also a major topic in the FDA’s Biosimilars Action Plan.20

● The long half-life of the antibody is due to the Fc-FcRn interaction, which is essential for preventing antibody 
catabolism and enhancing antibody retention in the body. In addition, IgG antibodies can activate the host immune 
system by engaging with FcRs expressed on diverse effector cells. These molecular characteristics significantly 
impact therapeutic antibodies’ PK and PD characteristics, giving them several therapeutic benefits such as a long 

Box 1 (Continued). 

Humira (Adalimumab) Avastin (Bevacizumab)

256 (02747043) *52 (04664800)

265 (02747043) 366 (05345236)

272 (02268045) 400 (04522167)
280 (04680962) 400 (05155293)

317 (03976102) 449 (04450329)

407 (02787239) 576 (04480463)
629 (01419665) Remicade (infliximab)
Lucentis (ranibizumab) Reference: 63
Reference: 37 Biosimilars
Biosimilars 302 (01571219)

312 (04857177) 482 (02148640)

582 (03805100) 584 (01936181)
600 (04690556) 683 (02990806)

705 (03150589) 199 (02762812)

712 (02611778) 426 (02762838)

Notes: *Not FDA or EMA submission; italicized refers to the number of subjects used 
in the reference product study. NCT is the number of study registered in clinicaltrals. 
gov in parenthesis. BOLD is the brand name and the drug name in parenthesis.
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half-life, high potency, and little off-target toxicity.51 Since the reaction is not always linear, and a comparative PK 
profile will serve as a more accurate indicator of efficacy than a real-time efficacy.

● ADA formation is a process influenced by the interaction of factors related to the antibody itself (eg, non-human 
sequence, glycosylation, impurities, aggregation), the patient (eg, genetic factors, immune status), or the drug’s 
route and frequency of administration, is a significant source of variability for antibody clearance.52 ADAs can have 
various impacts, such as neutralizing the drug, changing the PK/PD profiles of the antibodies, lowering the 
effectiveness of the treatment, or occasionally even precipitating severe adverse immunological reactions.52–55 

Despite their significant impact and incidence, ADA’s molecular mechanisms are only partially known. The human 
immune system’s recognition of the non-human antibody components as “non-self” was the leading cause of ADA 
development. Although most currently licensed antibodies are humanized or fully human with few to no non-human 
components, ADA occurrences were nevertheless often seen among antibodies and populations.56–58 Making 
accurate forecasts of ADA prevalence at the individual level remains difficult, creating ambiguity when forecasting 
antibody PK.59

● The in vitro models are more valuable for establishing equivalency than the PK/PD tests. Different mechanisms, 
such as neutralizing pathogenic antigens, blocking signaling pathways, or inducing effector functions, are used by 
antibodies to provide pharmacological effects.;60 In vitro techniques can compare most of these features. The 
extrapolation of the indications is further validated and supported by these tests.

Conclusion
The sensitive analytical methods to characterize the molecular structure, correlate binding properties with structure, and 
establish a robust similarity of the critical quality attributes are of greatest significance in evaluating the safety and 
efficacy of biosimilars. While analytical assessment plays a pivotal role, any deviations found are difficult to justify using 
any other study, including animal pharmacology/toxicology, PK/PD, and clinical efficacy testing. It is expected that 
developers will use newer new testing methodologies that are far more sensitive to finding differences between two 
products than possible in any number of clinical efficacy testing. For example, a 2019 meta-analysis61 showed that the 38 
biosimilars met the comparative clinical efficacy. However, two showed differences in immunogenicity that could have 
been identified if the analytical assessment had been conducted using the current methods; these two products were 
approved more than a decade ago.

In the early days of biosimilar submissions, proof of clinical efficacy was always required as if they were branded 
new medications. The language in the BPCIA states,

If there is residual uncertainty about biosimilarity after conducting structural analyses, functional assays, animal testing, human 
PK and PD trials, 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 

was overlooked by the majority of developers. It’s possible that the additional clinical study, as proposed in the FDA’s 
Biosimilar Action Plan, will be further in silico pharmacokinetic experiments rather than a clinical efficacy study. 
Therefore, developers should ask about the “residual uncertainty before proposing any extra study.” Dr. Janet Woodcock, 
a recent acting commissioner of the FDA, has the ideal recommendation for this strategy: “Why should we put people 
through all these different experiments only to check a box?” The FDA has recently questioned this idea of real-time 
testing, claiming that clinical efficacy testing is “broken.”62 Following the 21st Century Cure Act, new digital 
technologies and real-world evidence (RWE) are necessary.63

The EMA has begun working on a pilot clinical trials program to advise how clinical testing might be minimized or avoided 
for biosimilars.31 Their first pilot exercise, however, was a failure due to the erroneous data that the developers provided.

The development of more precise technologies for assessing bioequivalence, such as protein mass spectrometry, 
which is 10 million times more sensitive than it was a decade ago, is acknowledged by the EMA (EMA). Therefore, it is 
widely believed that comparative clinical trials are unreliable tools for determining the similarity of biological agents. It 
means that the tests were too insensitive to detect any difference or the clinical efficacy studies for the items were 
unnecessary because they were biosimilar.64
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The arguments mentioned above are becoming entrenched inside regulatory organizations. Although, for example, the 
FDA claims that the present system for evaluating clinical efficacy is “broken”,65 The 21st Century Cure Act states that 
these outdated practices must be replaced with the incorporation of new digital technology and real-world evidence 
(RWE).63 Also, Biosimilar efficacy testing requires entirely different Master Protocols to make clinical testing relevant.

The FDA has started to doubt the logic of conventional clinical trial designs. “I feel the clinical trial system is 
flawed”, Janet Woodcock, head of FDA’s CDER, stated during a panel discussion for industry on November 14, 2018. It 
does not, in my opinion, serve patients’ best interests. In 2017, Woodcock published papers demonstrating why the 
current understanding of what clinical trials do is fallacious.66 Accordingly, she asks, “Why should we put patients 
through all these different trials just to check a box.”

The FDA’s Biosimilar Action Plan states,

Creating information resources and development tools for sponsors of biosimilar applications. This includes tools such as in 
silico models and simulations to correlate pharmacokinetic and pharmacodynamic responses with PD markers that are readily 
available for several biologic products 

that can replace the need for additional clinical trials.67 In addition, many cytokines could qualify for a waiver of 
comparative efficacy trials, and the FDA is now developing validation protocols for using PD markers to obviate 
additional clinical trials.68 Note: additional clinical trials mean trials beyond the PK/PD testing, generally efficacy testing, 
though these could be further PK/PD trials.

The EMA (EMA) has started work on a pilot clinical trial program to provide recommendations on how to reduce or 
do away with clinical testing in the development of biosimilars. The EMA has begun work on a prototype clinical trials 
program to guide biosimilars on how clinical testing can be minimized or eliminated.31 However, because of the 
inaccurate data that the developers provided, their first pilot exercise was unsuccessful. Furthermore, EMA recognizes 
the development of more accurate technology for evaluating bioequivalence, such as protein mass spectrometry, which is 
10 million times more sensitive now than it was a decade ago. Therefore, comparative clinical trials are now considered 
unreliable for establishing the similarity between biological agents.

The licensure of biosimilars incurs high costs and delays due to clinical safety and efficacy investigations. If these 
trials could bring substantial value, their use can be justified. However, as long as a product passes the other tests, no 
biosimilars get rejected based on clinical efficacy and safety assessment. This indicates that the products were biosimilar 
or that the tests were too insensitive to identify differences.64 This testing is no longer relevant in any scenario. Meta- 
analyses have repeatedly demonstrated that biosimilars have consistently demonstrated identical efficacy, especially in 
the case of oncology medications.69

More significant benefits of the change in the assessment of biosimilars will come to the developing world; most 
ROW agencies follow the FDA or EMA, at least in its spirit of regulatory compliance. They are always too conservative 
to make any changes and, for reasons well-understood, always like to have clinical proof of efficacy, even if the evidence 
is just a token. An excellent example of this comes from the CDSCO70 Indian guidance just states that efficacy studies 
must be conducted in 100 patients; there is no rationale, but this waste continues. I foresee a large wave of new 
biosimilars entering the market once the major agencies accept the recommendations. These have already been adopted 
by at least one major agency, the MHRA.
If a biosimilar product is well-characterized and demonstrates a highly similar clinical pharmacology profile, it should be safe 
and effective. Adding an efficacy study that is much less sensitive to identify is superfluous, and the risk that the developers 
might use these studies to justify critical differences. The regulatory agencies should take bold steps like the MHRA has done 
and remove efficacy testing as a requirement for approval. For the rest of the stakeholders, it will take a significant change in 
their mindset. But it will make biosimilars safer and more affordable. There is a dire need for the harmonization of 
biosimilars approval guidelines to remove many misconceptions, both at the regulatory agency and developer levels.71
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