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Immunogenicity and Protein Therapy
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Abstract:

Biopharmaceuticals like monoclonal antibodies are widely used in clinical medicine for various therapies eg,

cancer, inflammatory and auto-immune diseases. Immunogenicity is one of the issues for safety. Such undesired

immunogenicity can also limit the use of biopharmaceuticals, particularly for the treatment of chronic diseases that

necessitate repeated treatments over long periods. Assessment of immunogenicity is an important component of

drug safety evaluation, which is presently performed by estimating risk factors. Risk-based approach considers

both probability of induction of immune response and expected clinical consequences. A combination of the two

may result in high, medium or low risk levels and will depend on the product, patient and treatment related

characteristics. Well-engineered cells, well-designed formulations coupled with good manufacturing scheme may

sometimes reduce some of the extrinsic and intrinsic factors.
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Protein Therapeutics and Immunogenicity:

Protein therapeutics, including monoclonal antibod-

ies (Abs) and cytokines, have become mainstream treat-

ments in a few clinical settings starting from pain control,

cardiovascular to oncology. Recombinant analogues of

growth factors eg, type1 interferon's (IFNs) or interleukin-

2 (IL-2), insulin, or erythropoietin (EPO) are also used in

therapy. An example is shown in Fig 1.

Drug development process is an expensive time-

consuming multistep process and is summarised in Fig 2.

The critical part of drug development process is to accu-

rately assess drug exposure for bioavailability of the drug.

Immunogenicity is one of the issues for safety (Table 1).

On challenge the drug induces anti-drug antibodies (ADA,

Fig 3) which may be either sustaining or clearing or

neutralising antibody (Abs). Sustaining Abs prolong the half-

life by protecting it from normal clearance. In contrast clear-

ing Abs more quickly decrease drug concentration below

the therapeutic levels or remove the drug from circulation.

The neutralising Abs abrogate a drug's therapeutic effect

and potentially induce serious side-effects. All these clear-

ing processes can affect pharmacokinetics (PK), pharma-

codynamics (PD), and bioavailability analyses which in some

cases minimise the potency of the drug on risk-based ap-

proach and can also limit the use of these drug products1-9.

On the other hand, repeated injection of these drug products

to human in different physical condition can result in a break

in immune tolerance to self-antigens leading to the product

of adverse event response and sometimes immune com-

plex disease or allergic reactions. Assessment of immuno-

genicity is an important component of drug safety evalua-

tion, which is presently performed by estimating risk fac-

tors. Risk-based approach considers both probability of

induction of immune response and expected clinical conse-
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quences (Fig 4). A combination of the two may result in

high, medium or low risk levels and will depend on the prod-

The purpose of this review is to outline the current knowl-

edge of  immunogenicity related to biotherapeutics. Fur-

Fig 1 – Therapeutic Proteins Product (TP) Immunogenicity   [Immunogenicity  refers to immune response of the

host against therapeutic protein.  The immunogenic response generally includes both cellular (T cell) and humoral

(antibody) arms of the immune response, however antibodies are usually measured. Antibodies directed against TP

(antidrug antibodies, ADA) may consist of IgM, IgG, IgE, and/or IgA isotypes. Interactions between antigen

presenting cells (APC), T-helper cells, B-cells, and their associated cytokines are also shown here]

uct, patient and treatment related characteristics. Risk-

based evaluation was described in several publications4-7.

ther it will discuss about risk assessment plan and strate-

gies for risk mitigation.
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Factors Influencing Immunogenicity:

Drug development processes contribute some ex-

factors are described here in brief.

Product-related – There are several product-re-

trinsic and intrinsic factors, which relate to immunogenic-

ity10-16. The factors are categorised as product-related, pro-
lated factors which can influence immunogenicity. Most of

these factors are mainly protein structure related. They are

cess-related, and patient-related (Table 2). Some of these evolved through formulation, storage, or packaging. Some

Fig 2 – Drug Development Process [It is expensive, time-consuming, multistep process. The initial molecule is

selected from basic research and then it is designed properly and subjected to chemistry, manufacturing controls

followed by preclinical research. After determining all the safety parameters, the drug molecule is tested for clinical

development where immunogenicity is a big concern. After successful clinical trial, the application for the drug

molecule is filed to agency’s approval and following approval the drug product is launched]

Table  1 – Clinically  Important Antibodies

Product Consequence 

EPO PRCA (pure red cell aplasia) 

Factor VIII Loss of efficacy 

Factor IX Loss of efficacy, anaphylaxis 

Interferon-α Loss of efficacy 

Interferon-β Loss of efficacy 

Infliximab Loss of efficacy, infusion reaction, anaphylaxis 
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of these factors are summarised in the following (Fig 5):

(a) Drugs undergo oxidation, and deamination.
cine to comply with EU regulation. Yet, an increase in the

incidence of pure red cell aplasia was observed. So the

Deamination resulting in production of degradation prod-

ucts can influence or trigger immunogenicity. Similarly drug

molecules form aggregates through intermolecular bonding

and trigger immunogenicity. It has been suggested that ag-

gregated proteins form repetitive arrays that can lead to

efficient cross-linking of B-cell receptors, leading to B-cell

activation in the absence of T-cell helper, thereby resulting

in a break in immune tolerance to self-proteins15-17.

(b) It was customary approach to add exogenous

protein to drug product during its manufacturing processes

for stabilisation. The introduction of such exogenous pro-

tein has potential to elicit Abs. Repeated administration of

this drug product may cause a break in immune tolerance

leading to the development of an immune response and so

European Union (EU) have adopted regulations prohibit-

ing the addition of exogenous proteins18. For anaemia  ex-

ogenous protein was replaced by polysorbate 80 and gly-

manufacturer modified the storage and handling protocols

including container closure system to curve this risk19-21.

(c) Protein misfolding, an intrinsic property of pro-

teins, and other unrelated factors have been described to

influence biopharmaceutical immunogenicity. For instance,

Metal catalysed oxidation of rhIFNα2b was described as

a result of a conformational change accompanied by adop-

tion of amyloid-like properties, indicative for protein

misfolding, that was far more immunogenic in vivo than its

native counterpart and broke immune tolerance. In addi-

tion, post-translational modifications such as oxidation,

deamidation, and aggregation influence protein immunoge-

nicity12,13. Specific modifications in formulations and pack-

aging have also been correlated to biopharmaceutical im-

munogenicity, which for example, has been observed with

a specific formulation of EPO that was far more immuno-

genic than its previous formulation13. One of the main prob-

Fig 3 – Immunogenicity [On challenge the drug provides not only efficacy but also induces anti-drug antibodies

(ADA) which may be either sustaining or clearing or neutralising antibody (Ab). Repeated injection of these drug

products to human in different physical condition can result in break in immune tolerance to self-antigens leading to the

product of adverse event response and sometimes immune complex disease or allergic reactions. In practice, immu-

nogenicity in the clinic is assessed by the detection of ADA. All isotypes of binding antibodies (BAbs) are capable of

binding to the TP and inhibit functional activity of the TP (generally directed against biologically active site)]
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lems in formulation developments is to maintain protein sta-

bility, because chemical modification, adsorption, and most

importantly, aggregation phenomena are generally difficult

to prevent17.

(d) To increase the stability of the drug product

non-human sequences are incorporated in the construc-

glycosylation which can influence immunogenicity and may

be involved in a break in immune tolerance1-9.

(e) PEGylation can reduce the immunogenicity of

some proteins although patients produce antibodies to the

polyethylene glycol (PEG) residue adversely affecting effi-

cacy14.

Fig 4 – Clinical Immunogenicity [Assessment of immunogenicity is an important component of drug safety evalua-

tion, which is presently performed by estimating risk factors. Risk-based approach considers both probability of

induction of immune response and expected clinical consequences. A combination of the two may result in high,

medium or low risk levels and will depend on the product, patient and treatment related characteristics]

tion of plasmid. These sequences are sometimes detrimen-

tal and may cause immunogenicity1-9.  Amino acid substitu-

tion is mainly used for the solubilisation and stabilisation of

drug product. This substitution generally changes the mo-

lecular structure of the epitope and the degree of

(f) Carbohydrate moieties present upon

biopharmaceuticals can elicit the production of IgE anti-

bodies that can cause serious adverse reactions including

anaphylaxis even upon the first treatment exposure. Pre-

existing antibodies against galactose α-1,3-galactose have
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been shown to be responsible for IgE mediated anaphy- from the expression system. The protein contaminants from

Table 2 – Contents for Integrated Summary of Immunogenicity

lactic reactions in patients treated with cetuximab22. the manufacturing systems can also influence immunogenic-

Topics  Content 

Product related: 

  Intrinsic 

  Extrinsic 

 

  

Product profile, sequence homology 

 Process related impurities, aggregates, degradation 

products, stability of active ingredients in DP formulation 

Immunogenicity related clinical     

  risks 

 Cross-reactive Abs, drug hypersensitivity responses, 

abrogation of efficacy due to neutralising Abs or quick 

clearance 

Analytical methods  Rationale for choice of methods, PK assay, ADA assay, 

assessment of cross reactive potential, neutralising 

antibody assay, etc 

Non-clinical  Overview , ADA versus PK/PD, and other toxicities 

Clinical Studies contributing to immunogenicity, ADA responses, 

ADA versus PK/PD, ADA versus efficacy 

Impact of immunogenicity on overall assessment of 

benefit and risk 

Recommendations for risk management plan 

 

Table 3 – Plan for Controlling Immunogenicity

Process-related – There are several process-re-

lated impurities, which can also influence the immunoge-

nicity23. This includes traces of residual DNA or proteins

ity (Fig 6). As discussed earlier, the contaminants from the

container-closure that leach from the product can increase

the incidence of pure red cell aplasia (PRCA)10,11,24.

Elements Description 

Quality Manage process changes 

Sensitivity of analytical methods to allow determination of changes to  

product (aggregation, glycosylation,etc) 

Formulation and impact of changes 

Biochemical 

   assay 

Assay format and assay platform 

Sensitivity, drug tolerance, assay range  

Positive controls 

Non-    

   clinical/clinical 

Sampling plan 

Studies in clinical development plan to assess specific aspects of  

immunogenicity 

Safety monitoring assessment of immunogenicity on efficacy 

Reporting/analysis plan 
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Patient-related – Several patient-related factors

eg, genetic make up, age, gender, disease status, concomi-

tant medication, and route of administration, may also be

consequences related to safety and efficacy eg, anaphylaxis,

cytokine release syndrome infusion reactions, non-acute

reactions cross-reactivity to endogenous proteins1-9 as

Fig 5 – Product Related Factors [Most of these factors are mainly protein structure related and are evolved

through formulation, storage, or packaging]

related to antibody response of a drug. Concomitant therapy

with immunosuppressive drugs can also influence a patient’s

immune response to a biopharmaceutical1. A few risk fac-

tors are summarised in the following (Fig 7):

(a) Route of administration also influences the im-

mune response to a biopharmaceutical. Typically, adminis-

tration of a protein in a single dose results in the production

of low-affinity IgM antibodies, while repeated administra-

tion results in the production of high-affinity and high-titre

IgG antibodies, which may be neutralising2-9.

(b) As discussed earlier, the duration of treatment

can also trigger the immunogenicity.

(c) The complexity of the humoral response to

biopharmaceuticals produces the difficulty in establishing

the effect of ADA on drug efficacy1-9.

Risk identification is required for the safety of the

drug product as risks may develop several clinical

shown in Table 1 Risk-based approach suggests developing

a risk assessment plan25-28 as described latter. The output

of the assessment will determine the intensity of

immunogenicity.

Factors Minimising the Generation of Unwanted Im-

munity:

Proteins are re-engineered to yield more robust mo-

lecular structure and functional activity so that they are stable

under all stresses (eg, protease exposure, oxidative stress,

changes in temperature, pH and solution conditions)15-21,24.

One simple stabilisation strategy is to replace free cysteine,

thereby preventing the formation of unwanted intermolecu-

lar or intramolecular disulfide bonds. Cysteine to serine mu-

tations have been introduced successfully into several thera-

peutic proteins20,21. Aggregation can decrease functional ac-

tivity and bioavailability whereas increase immunogenicity29.
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Several strategies have been applied successfully to re-

duce protein aggregation and enable soluble expression.

(a) Replacement of unpaired cysteine residues can

prevent the formation of unwanted intermolecular disulfide

Fig 6 – Process Related Factors [An example of the multistep produc-

tion of TP is shown in upper inset and the impurities can be generated

during subprocess shown in lower inset]

bonds, as described above1-9.

(b) Post-translational and chemi-

cal modifications (eg, glycosylation) can

also help to prevent aggregation. Substi-

tuting exposed non-polar residues with

polar residues can enable soluble expres-

sion and improve the solubility of the puri-

fied protein21.

(c) Altering the net charge and iso-

electric point (pI) of a protein can also af-

fect its solubility. For example, a single chain

antibody targeting renal cell carcinoma was

altered to increase solubility by adding five

glutamic acid residues to the C-terminus,

thus lowering the pI from 7.5 to 6.129,30.

PK measures the protein concentration in serum

over time. This is related to improved efficacy and decreased

side-effects. It is important to know the route or routes of

excretion of drug ie, kidney filtration or ligand-receptor sys-

tem. Affinity and specificity modifications are a central com-

ponent of many therapeutic optimisation strategies, and thus

receptor-mediated clearance might play an important role

(d) The PK of a therapeutic protein can be in-

creased more dramatically through fusion to a protein that

is known to have a long serum half-life, typically albumin

or the Fc region of antibodies21.
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in the efficacy of many proteins. The followings are known

to increase PK1,9,20,21:

(a) Polyethylene glycol attachment (PEGylation)

PEGylation is a process of chemical modification

of therapeutic proteins. This increase of the size of protein

as well as PK reduce immunogenicity and aggregation. In a

Fig 7 – Patient Related and Treatment Related Factors [Patient related factors depend on ethnicity and age of

the patients shown in the upper inset. Treatment related factors depend on route of delivery (oral, intravenous or IV,

intramuscular or IM, and subcutaneous or SC), dose and frequency of administration, immunomodulatory properties

of product and stage of product development are shown in lower inset]

(b) Glycosylation, or site-specific incorporation of

glycosylation through engineering for additional N-linked

glycosylation sites

(c) Fusion to proteins with long serum half-lives,

alteration of oligomerisation state

(d) Modulation of receptor-mediated uptake and

turnover.

straightforward application of molecular size manipulation,

proteins covalently fused to themselves often display sig-

nificantly improved PK profiles20,21. The PK of a therapeu-

tic protein can be increased more dramatically through fu-

sion to a protein that is known to have a long serum half-

life, typically albumin or the Fc region of Abs. Since ADA

can complicate interpretation of the toxicity and PK, risk-
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based approach to evaluate immunogenicity of

biotherapeutics has become a standard and broadly ac-

cepted practice. Detailed strategy used for detection and

characterisation of ADA are commonly based on the char-

acteristics of the product and treatment (Fig 8)25-27.

Immunogenicity and Risk Mitigation Plan:

Fig 8 – General Antibody Assay Strategy [Correlation of clinical findings with presence of Ab provides the most

signiant information.  Screening immuno-assay is used to prioritise samples for bioassay determination. Screening

assay attributes: sensitive, able to detect all classes, able to detect low affinity Abs. New immuno-assay technologies

allow thorough characterisation of antibodies prior to bioassay determines ability to neutralise effect of drug]

Risk control is to reduce the risk to an accept-

able level. Risk reduction might include actions taken to

mitigate the severity and probability of adverse reaction.

For risk control a procedure is required to develop which

will provide the strategies for the risk assessment and risk

mitigation including addressing the issues of the biochemi-

cal nature of product development, the extent of similar

known risks for related marketed products, and the avail-

ability of biomarkers or other assays that may help to

quantify the risks30-32. The following may also provide a

relevant risk mitigation strategy:

(a) A specific and sensitive (including drug tol-

erant) assays for evaluating antibodies to therapeutic pro-

tein

(b) Product-specific antibody sampling plan

based on the phases of development (early versus late),

providing information on human immunogenicity with clini-

cal experience

(c) Development of dosing and dose escalation

studies using time intervals with great cautions

(d) Careful evaluation of all adverse events po-

tentially mediated by an immune response.

Further it provides recommendations for immu-

nogenicity risk mitigation in the clinical phase of devel-

opment of therapeutic proteins and patient specific fac-
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tors that affect immunogenicity through route of adminis-

tration, dose, and frequency of administration,  and sta-

tus of immune tolerance to endogenous protein. A draft

of risk controlling plan is shown in Table 3.
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