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Immunogenicity analysis: Challenges and  

Solutions for PEGylated Biopharmaceuticals 

 

Pre-Dose sample with responses >100 RU were analysed spiked with 

PEG alone 

 

 

 

 

 

 

 

 

 

 

 

 

Detection of anti-PEG Antibodies by 

Electrochemiluminescence  

 

Streptavidin coated ECL plates are coated with Biotinylated PEG and 

test samples applied at 1 in 100 dilution.  Sulfo-TAG conjugated anti-

human IgG/A/M is used to detect bound anti-PEG antibody. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pre-versus post “Cut-point” determined by repeat analysis of 50 sera, 

analytical variation determined, a CV of ≥25% between pre and post 

dose samples indicative of an analytically significant result.  Due to pre-

existing antibody, the Specificity Cut-point was not determined.  

Sensitivity was estimated using a rabbit antibody with anti-rabbit 

detection to be approx 1.0 ng/mL .Sensitivity was estimated to be 500 

ng/mL with ECL responses <45,000 RLU and 1000 – 2000 ng/mL 

response >45,000 RLU. 

Inter assay Raw Response Precision was determined to be 38% for the 

human Low Positive Control and 35% for the Human High Positive 

Control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distribution of  Anti Peg responses in cynomolgus  

monkey sera by SPR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clinical Data 
Analysis of Antibodies a PEGylated compound by Surface Plasmon 

Resonance was conducted on Human Serum from a Phase I, 

Pharmacokinetic and Pharmacodynamic Study in Healthy Subjects. 

Samples were analysed at a final serum concentration of 25%; and 

analysed both blank and depleted with of 10 µM drug. The cut-point 

was based on analytical variation of placebo samples. Post dose 

response of predose response of any individual was required to be 

23% higher than the predose to be designated positive. Positive 

samples were  further investigated by depletion with PEG and Protein 

G/L.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All positive responders were significantly depleted by drug , PEG 

and Protein G/L 

 

The following figure shows the reduction in assay response post dose 

indicating specific deletion of pre-existing  anti PEG antibody.  

 

PEG Immunogenicity 
  

The bioanalysis of PEGylated biopharmaceuticals  was guided  by early 

findings that PEG itself not immunogenic [1,2] and reports of varying 

levels of the prevalence of pre-existing antibody to PEG as low as 0.2% 
[3] of healthy donors had naturally occurring anti-PEG antibodies all the 

way up to 25%[5]. It is likely the confusion is hampered by assay data 

published is often lacking in detail of validation. 

 

The FDA Draft guidance 2013;  Immunogenicity Assessment for 

Therapeutic Protein Products recommends that for PEGylated 

therapeutic proteins, assays for antibodies to PEG should be developed 

and implemented concomitantly with antibody assays to the therapeutic 

protein. In the EMA Guideline on Immunogenicity Assessment Of 

Biotechnology-derived Therapeutic Proteins 2008, PEG is mentioned 

as a product related risk factor of immunogenicity . 

 

Analytical Approaches for the detection of antibodies to PEG.  

Bridging assays are difficult  because of the presence of multiple 

binding sites although a commercially available ELISA using bridging 

format is available. 

Direct assays effectively alleviate the problem of multiple binding sites. 

A variety of platforms are available including: 

 SPR 

 ECL 

 ELISA 

 

Cut-point considerations.  

The existence of specific pre-existing antibody makes the determination 

of a specificity cut-point as described by Shankar et al (2008) 

challenging.  This requires assessment of intra-individual  pre versus 

post dose responses. However this raises the issue of finding a drug 

and species specific positive control. One source of positive control 

may be the normal human population due to the high prevalence of 

pre-existing antibody. 

 

We will describe two direct assays for the detection of antibodies to the 

PEG after treatment with PEGylated drug. 

 

 

Detection of anti-PEG Antibodies by Surface 

Plasmon Resonance  
 

To detect antibodies to PEGylated drug by SPR, biotinylated drug was 

coupled to a streptavidin sensor chip. Unoccupied streptavidin binding 

sites were then blocked using free biotin. Surface suitability was tested 

with a mouse anti-PEG monoclonal positive control antibody. Serum 

samples (25%) were then injected over surface and the response 

measured. Assessment of specificity was performed by depletion of 

signal with drug or with PEG or protein G/L . 

 

Distribution of Anti PEG responses in  

normal healthy human sera by SPR  
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Summary 
In these examples, significantly higher proportions of pre-existing 

anti-PEG responses in humans are observed compared to 

literature. 

Observed changes in anti-PEG responses with drug treatment are 

a function of interactions between pre-existing antibody, drug and 

potential de novo antibody in response to drug Interpretation should 

be made with caution and detailed in analytical reports. Only limited 

validation of anti-PEG assay is possible under the guidelines. 

Current guidance for immunogenicity assay validation is not 

applicable due to pre-existing antibody. Well characterised purified 

human anti-PEG reference material would be beneficial to these 

analyses 

 

Responses in cynomolgus 

monkey sera by ECL 
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Response Level (RU) 

83 (68%) 35 (28%) 5 (4%) 
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Response Level (RU) 

Blank PEG Depletion (%)

Mean 332.5 31.7 83.0

Median 193.3 26.5 82.8

Maximum 1591.2 118.1 98.9

Minumum 101.4 15.9 40.4

n 29 29 29
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Clinical Data 
Measurement of binding antibodies to PEG in human serum from a 

Phase 2, Multiple Dose, Active Controlled  Study of Drug in Adult 

Patients by Electrochemiluminescence (ECL). 

 

4 groups 

 3 ascending dose of PEGylated Drug 

 1 Group of Active control (non-PEGylated) 

 
 

 

The wide range of pre existing anti-PEG responses in a pre-dose 

population. Depletion of antibody in the figure above is PEG specific 

Distribution of responses in normal 

healthy human sera by ECL  
 

Depletion of samples with high  pre-dose anti PEG antibody (2-2, 2-4 

and 2-6) and also de novo immune response to drug 
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