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ABSTRACT: 

Literature suggests that biosimilars are similar biological products, i.e., comparable 

but not identical to the reference product, are not generic version of innovator 

product and do not ensure therapeutic equivalence. Biosimilars present more 

challenges than conventional generics and marketing approval is also more 

complicated. Other than that the analysis of the developed biosimilar is also a 

critical point, as it varies in each category.  Analysis of biosimilars acts a crucial 

point for marketing approval as the data received acts as a base for response of 

the developed biosimilars.  

KEY WORDS: Biosimilars, Chromatography, Spectroscopy, Analysis 

 

INTRODUCTION 

The USFDA defines biosimilars as: "The biological product 

that is highly similar to the reference product not 

withstanding minor differences in clinically inactive 

components, and “there are no clinically meaningful 

differences between the biological product and the 

reference product in terms of the safety, purity, and 

potency of the product”. Biosimilars are biologic drugs 

what generics are to chemical drugs. There is a unique 

prototype of manufacturing biosimilars which varies 

within all manufacturers and can be proceeded using 

unique cell line and proprietary process. According to a 

report by Morgan Stanley, nine drugs in the biologic’s 

category are going off patent or will do so by 2025. Their 

total revenue was $ 62 billion (around Rs 4.3 lakh crore) in 

2018. This creates a major opportunity for their respective 

biosimilars. It is assumed statistically that the revenue of 

these biosimilars will grow by 24 % annually for seven years 

to $13.3 billion in 2025 (around Rs 93,000 crore) in the US 

and Europe. That offers a big opportunity1-3. 

 

Table-1: Difference between Biosimilars and Generics4 

Characteristics Biosimilars Generic Chemical Drugs 

Chemical Structure Complex Heterogeneous, with differences in 

protein folding and glycosylation 

Simple, well defined, and chemically 

identical to a reference product 

Analytical 

Characterization 

Almost impossible to fully characterize similar 

but not identical to reference products 

Ensures that active drug of generic 

product and reference product is similar 

Manufacturing Process Very complex Relatively simple 

Impact of a Process 

Change 

Alteration in process can lead to change in end 

product 

Almost negligible 

Development Cost $ 100-200 million/molecule $3-7 million/molecule 

Immunogenicity Immunogenic Non immunogenic 

http://www.jpsbr.org/
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Nomenclature of biosimilars: In Jan 2017, FDA defined the 

guidance for the naming of biosimilar, that includes, proper 

name that has a core name hyphenated to a four-letter 

suffix representing the developer.  For example, 

Adalimumab-atto (Amjevita) is a biosimilar of AbbVie’s 

Humira drug.5 

Difficulties that are faced during manufacturing: As 

biosimilars are made up of a complex structure the 

pharmaceutical companies have to invest additional 

research to prove the efficacy of biosimilars with respect to 

reference biologic molecule. Biosimilars that are 

manufactured are not the exact copies of the reference but 

are identical copies. No two biosimilar can also be 

manufactured as the exact copies and hence batch to batch 

analysis is mandatory.1 

Clinical Development: For the acceptance of biosimilars, 

the efficacy of the biosimilar is compared with reference 

biologics by the PK/ PD study, immunogenicity, efficacy/ 

safety trials and phase 1-3 study or standalone phase-3 

studies. Risk benefit ratio varies case to case and hence it 

varies the clinical comparability.6 

Future of Biosimilars 

Opportunity Worldwide: Once the patent goes off, the 

biosimilar should be present in the market, that is 20-30% 

cheaper than the original reference product. This decrease 

in the rates leads to leading market share for 

pharmaceutical companies. The speculations come from 

the fact that a 30–40% price reduction already has been 

seen for epoetin and filgrastim (granulocyte colony-

stimulating factor).7 

Opportunity in India: A report by Associated Chambers of 

Commerce of India (Assocham), the global market for 

biosimilars will be $240 billion and the Indian market will 

be over $35 billion by 2030. There are many Indian 

pharmaceuticals that are actively focusing on biosimilars 

that includes, Biocon, Glenmark Pharmaceuticals and 

Zydus Wellness. Biocon earned revenue from FY19 

biosimilar of almost 28% or Rs 1,517 crore.1 

 

Table-2: Categories for workflow of Biosimilar analysis7 

Critical quality attribute Solution 

Primary amino acid sequence  Peptide mapping workflow that gives you 100% sequence coverage. 

Protein variation  

Peptide mapping is used to easily monitor protein deamidation and 
oxidation. 

Glycosylation post translational 
modifications 

Determine modifications to amino acids with sugar moieties 
(glycosylation) with workflows for intact glycoforms, released glycans, 
glycopeptides, monosaccharides, and sialic acids. 

Protein heterogeneity  Range of buffers, column chemistries, and UHPLC instrumentation. 

Process and product-related 
impurities  

Identity and quantity of host cell proteins with HCP analysis. 

Protein aggregation  

Size exclusion chromatography (SEC) for high-resolution separation of 
monoclonal antibodies (mAb) and their aggregates. 

Higher order structure  

Orbitrap-based mass spectrometry can enable insight into protein folding 
and protein-protein interactions. 

Intentional chemical modifications  Monitoring PEGylation sites and characteristics 

 

Figure 1 Demonstration of Biosimilarity8 

Analytical Method 

Mass Spectrometry 

For the characterization of primary structures of proteins 

and verifying the amino acid sequence mass spectroscopy 

serves as a best tool as it can provide the identity and 

relative abundance of any resolved isoforms of the protein. 

An example deconvoluted spectrum of the IgG1 

monoclonal antibody adalimumab is shown in Figure-3. 

The highly charged electrospray spectrum was generated 

using a time of flight mass spectrometer (TOFMS) with a 

resolution of approximately 15,000. During mass analysis,  

https://www.thermofisher.com/in/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/peptide-mapping.html
https://www.thermofisher.com/in/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/peptide-mapping.html
https://www.thermofisher.com/in/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/intact-protein-analysis-workflows/charge-variant-analysis.html
https://www.thermofisher.com/in/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/host-cell-protein-analysis.html
https://www.thermofisher.com/in/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/host-cell-protein-analysis.html
https://www.thermofisher.com/in/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/intact-protein-analysis-workflows/protein-aggregate-analysis.html
https://www.thermofisher.com/in/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/hydrogen-deuterium-exchange-hdx.html
https://assets.thermofisher.com/TFS-Assets/CMD/Application-Notes/AN-1015-LC-PEG-PEGylated-Biopharamceuticals-AN70160-EN.pdf
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Figure 2 Analytical Methods9 

biosimilars such as monoclonal antibodies may be reduced 

to separate the light and heavy chain and or digested with 

an enzyme such as Ides that cuts the heavy chain below the 

hinge region for most IgG1 mAbs. Introduction of the 

smaller subunits or domains that can provide more spectral 

detail, is less complex to interpret and can provide in depth 

analysis of glycans.10 

The current focus on protein analysis by mass 

spectrometry is by unfolding and not by denaturation 

of protein that results in an electrospray spectrum with less 

charge (higher m/z). This can be achieved by separating the 

protein by SEC in a buffer such as sodium acetate at a pH in 

the range of 6-7 without solvents and at controlled ionic 

strength. Information about ligand binding characteristics 

and  detection  of  complex  metals  can  be obtained  if  

non- covalently bound proteins remains intact.11 

NMR 

The application of NMR includes identification of proteins 

and nucleic acid, it’s structure, interactions and dynamics 

(i.e. enables high throughput protein structure 

determination). NMR gives a detail description of the 

molecule and differs from each molecule.  A biosimilar 

batch and a reference batch is taken into consideration and 

the physical chemicals are optimized, on the basis of the 

molecular weight of the protein the analysis is carried out. 

Then the similarity metrics is studied that shows the 

correlation of the sample and the reference protein, which 

proves whether the sample is similar at molecular level or 

not.13 

Chromatographic Techniques Used for Biosimilars 

Reversed-Phase chromatography (RPC) 

Reversed-phase chromatography (RPC) has hydrophobic 

stationary phase and hydrophilic mobile phase and that 

leads to separation by retention of the sample in the order 

of increasing hydrophobicity. Usually gradient of increasing 

mobile phase is applied with the column temperature 

above ambient conditions that causes denaturation of the 

proteins that leads to unfolding of the protein (i.e. internal 

hydrophobic residues become exposed and increasingly 

interact with the stationary phase). If the mobile phase used 

is volatile, then it helps in coupling with the mass 

spectrometry. Released glycans can also be separated, but 

the elution pattern is opposite to HILIC separation. RPC 

offers an orthogonal separation in comparison to HILIC in 

glycan analyses. Various pore size columns (130 Å to 1000 

Å) are available that leads to wide range application from 

peptides up to very large proteins (> 1 million Da). The 

wide range application for RPC includes, impurity 

profiling, intact and subunit mass measurements, protein 

identification, separation of nucleic acid and peptide map 

analyses.  HPLC is over comes at times by UPLC as the name 

suggests it can withstand high pressures upto 20,000 psi 

which results in better resolution with increased sensitivity 

and within short time.14 

Hydrophobic Interaction Chromatography (HIC) 

HIC and RPC are almost similar, but in HIC the retention of 

sample of interest (protein) reflects its overall 

hydrophobicity and is a non-destructive method. 

Generally, the stationary phases used is low-density and 

moderately hydrophobic ligands (propyl and phenyl), and 

the mobile phase used is organic solvent with a decreasing 

salt (sulphate, phosphate, or citrate) gradient. The salts 

used mobile phase gives a limited application to Mass 
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spectrometry, but the advancement in the column with 

different packing material like polyenyl to polydactyl 

provide excellent  separation  and  leads  to  application  to  

mass  spectrometric  detection.15 

 

 

Figure 3 Workflow by NMR12 

Retention of the sample in the column is only because of 

the interaction between amino acid residues located on 

the surface of the protein and the column matrix. This leads 

to differences in retention times of the same molecule that 

leads to conformational changes. The application of HIC is 

for monitoring methionine or tryptophan oxidation, 

asparagine isomerization, serine phosphorylation, 

antibody-drug conjugates and determining determine the 

drug to antibody ratio. 16 

Ion-Exchange Chromatography (IEX) 

IEX chromatography works on the principle of differential 

charges present on the surface of the column packing and 

the counter ions provided by the buffer or salt in the 

mobile phase. Sample ions compete with counter ions for 

access to the ion exchange sites. The interaction between 

the sample ion and ion exchange resin causes retention of 

the sample and leads to retention time. Ions having more 

affinity towards ion exchange resin will elute later while 

with less affinity will elute fast. IEX is divided into two 

categories: Cationic and Anionic Chromatography. Cationic 

chromatography works on negatively charged groups, will 

attract positively charged analytes; while anionic 

chromatography works on positively-charged groups, 

which will attract negatively charged molecules. Usually for 

proteins cation chromatography is performed. There are 

various applications of IEX that includes analyzing single 

amino acid or a lack of a single amino acid, differences in the 

primary structure of protein by altering the isoelectric point 

(pI), truncations and post-translational modifications that 

alter the overall charge  of  the  protein  (for  example  C-

terminal Lys clipping,17-18 is aspartate formation19 or 

deamidation of asparagine or glutamine residues20-21). 

Size-exclusion chromatography (SEC) 

Size exclusion chromatography does not have the tendency 

to provide high resolution, nor it is capable of separating 

analytes of similar size. Stationary phase is normally 

comprised of hydrophilic silica, polymer-based, or porous 

hybrid organic/inorganic particles (BEH columns). The high 

mechanical strength of BEH particles enables a reduction 

in particle size to 1.7 mm, thereby offering more 

chromatographic efficiency using UPLC instrumentation.22 

Recently organic modifiers and volatile buffers have been 

introduced into SEC methods to make it suitable with mass 

spectrometry.23 

The application of SEC includes, analysis of aggregates, 

subunits, and fragments of proteins, assess high molecular 

weight (HMW) aggregates and monomeric purity of 

antibody therapeutics, which is plays a vital role in critical 

quality attribute (CQA). 

Hydrophilic Interaction Liquid Chromatography (HILIC) 

Hydrophilic interaction liquid chromatography (HILIC) as 

the name suggests hydrophilic interaction, it includes polar 

stationary phase and polar mobile phase or that similar to 

RP- HPLC (e.g., water, methanol, acetonitrile, volatile 

buffers and modifiers). As, all mobile phases are suitable to 

mass spectrometry, HILIC methods can be directly coupled 

to it. The advantage of polar stationary phase is that it is 

well-suited for the analysis of polar molecules that have 

limited or no retention on reverse phase columns (C8 and 

C18). The application of HILIC includes glycan analysis, 

separation of peptides/proteins, glycopeptides and 

glycoproteins analysis by using wide pore-size columns 

(300 – 400 Å instead of the usual 130 Å pore size (glycan 

columns) 24. 

 

 

 

Biosimilar Batches

Optimize physical 
conditions 

Corelation of full size 
protein

Full size mAb 

mAb + Fab+ Fc
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CONCLUSION 

While regulatory frameworks have been established for 

the approval of biosimilars in several countries, there is not 

an established guidance for biological analysis of 

biosimilars. Although there are regulatory guidance and 

White Papers on testing requirements for biologics in 

general, there is a need to address the biological analytical 

challenges and solutions that apply specifically to the 

analysis of biosimilars in biological samples. 
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