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Host cell protein (HCP) profiling is a 
core component of large molecule 
biopharmaceutical protein characterization, 
for good reason. Regulatory agencies 
require these residual impurities to be 
measured, monitored, and controlled to 
set specifications during biotherapeutic 
manufacturing. While most HCPs are 
cleared during downstream processing, 
some break through and copurify with drug 
substance. If not cleared and/or deactivated, 
these residual HCPs have the potential to 
compromise a drug product’s safety, efficacy, 
and stability.

The level of concern around HCPs has 
increased in recent years due to four 
converging factors: 

• Improvements in analytical technologies 
have allowed scientists to detect a broader 
range of HCPs, including those present at 
very low levels

• Industry trends toward higher titers of 
product during biomanufacturing

• Industry desire for higher-concentration 
liquid formulations for drug substance or 
drug product 

• Increased number of novel modality 
biotherapeutics such as fusion proteins, 
cell and gene therapies, mAb conjugates, 
and vaccines — all of which raise the risk 
of different populations of, and potentially 
higher amounts of, HCPs breaking through 
into DS or DP
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Advanced scientific methods allow researchers to identify 
and quantify HCPs with greater sensitivity than even five 
years ago. Because of these advances, scientists have 
identified additional immunogenic, biologically active, or 
enzymatically active HCPs present at levels far below 100 
ppm. Not only are these HCPs difficult to clear during the 
downstream process, but they have the potential to cause 
product or formulation excipient degradation or increase 
the risk for immunogenic response in patients. Therefore, 
improved identification, quantification, and characterization  
of HCPs improves a drug product’s safety and stability profile.

Liquid chromatography with tandem mass spectrometry 
(LC-MS/MS) is an emerging approach that simultaneously 
identifies and semi-quantifies even sub-ppm-level HCPs with 
high throughput and fast turnaround. While LC-MS has its 
limitations, when teamed with ELISA, it provides a means  
to obtain both quantification and identification data for 
specific HCPs. 

The Industry Trend Toward Higher  
Specificity and Sensitivity
Over the last five years, biologics have consistently outpaced 
small molecule pharmaceuticals, now accounting for over 
40% of the total medicines market.1 Within the biologics 
market, novel therapies like fusion proteins, cell and gene 
therapies, mAb conjugates, and siRNA therapies, among 
others, are being developed with increasing frequency.
Novel therapies have the potential to generate different 
HCP populations that could cause safety issues, even at levels 
below 100 ppm. Because of increased risk of product or 
excipient degradation in concentrated liquid formulations, 
protein-based therapies pose stability and possibly safety risks. 

Biologic production and manufacturing processes also 
affect HCP profiling. Larger amounts of protein circulating 
during downstream process development tends to increase 
the HCP burden that needs to be cleared. A trend toward 
higher titers of drug product during biomanufacturing 
as well as higher concentrations of product per volume 

during bioproduction both increase HCP burden. Advancing 
technology platforms help address these challenges,  
as they allow researchers to identify HCPs at biologically 
relevant levels more easily and with higher throughput than 
traditional ELISA. While ELISA quantifies total HCP levels, it 
doesn’t typically identify specific HCPs — particularly the HCP 
populations found in novel biologic therapies. Without this 
information, researchers cannot easily assess or attribute 
immunogenicity risks to specific HCPs.2 However, ELISA 
does play an important role in HCP profiling for biologic 
development and manufacturing giving researchers the  
total HCP information needed for regulatory consideration.

The Strengths and Limitations of ELISA
Anti-HCP ELISA is considered the gold standard for 
total HCP measurement, mainly due to the maturity of 
the technique and its relative simplicity. Anti-HCP ELISA 
determines residual HCP levels, which guide process 
development and support GMP batch release testing.

Individual HCP ELISA assays quantify high-risk HCPs, but  
few are commercially available. They’re also time- and 
resource-intensive due to the need to generate a custom 
ELISA method for single HCPs.3  
 
While ELISA assays have become more sensitive, they may 
not detect low-level HCPs found in the final drug product. 
And because not all HCPs are immunogenic in animals, 
HCP ELISA will not detect all HCPs coproduced with the 
recombinant protein.4

These limitations, combined with industry trends toward 
higher titers and concentrations, necessitate a more 
sensitive method to both quantify and identify HCPs  
during the purification stage — especially at levels below 
100 ppm. Orthogonal methods offer a solution, allowing 
researchers to detect trace amounts of HCPs that could 
potentially trigger an immune response, cause toxicity,  
or affect potency and purity. 

Strengths and Limitations of HCP-ELISA

Strengths Limitations

High sensitivity May not detect low-abundance HCPs

High throughput Does not detect all types of HCPs 

Commercially available Does not provide identity information

Widely used Is dependent on reagent quality

Accepted by regulatory bodies --
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The Latest Entrant: LC-MS
To identify, measure, and quantify the largest percentage of 
HCPs with the greatest confidence, scientists use a variety of 
approaches: HCP-ELISA assays, mass spectrometry, and/or 
two-dimensional gel electrophoresis (2-DE), to name a few. 
An emerging approach combines LC-MS/MS and HCP-ELISA 
to provide the sensitivity, specificity, and reproducibility 
needed for HCP detection in biologics.

Fit-for-purpose LC-MS/MS identifies low-level HCPs found 
in drug substances, even in complex matrices.2 Quantitative 
information is provided via a targeted HCP-ELISA assay. This 
allows researchers to assess the detected HCPs and mitigate 
any potential safety risks well before GMP manufacturing.

As with all methods, LC-MS/MS has its limitations. It’s typically 
a tedious, slow process that requires highly specialized 
scientists. Advances in equipment, however, have shortened 
turnaround time. MS also suffers from dynamic range issues. 
Interference from overexpressed monoclonal antibodies 
when trying to detect, identify, and quantify trace amounts 
of HCPs makes it challenging to use LC-MS/MS for HCP 
identification.2

In a study co-authored by Greg Kilby, Ph.D., Vice President 
of Technology and Bioanalysis at Alliance Pharma, and Jiao 
Ma, now senior scientist at AstraZeneca, a high-throughput 
method using an Evosep ONE LC system coupled to an 
Orbitrap Fusion Lumos mass spectrometer can analyze 
up to 60 samples per day for HCP identification and follow 

their clearance throughout the downstream process. 
Following their trajectory allows scientists to pinpoint HCP 
contamination sources, minimizing HCP levels and optimizing 
biopharmaceutical production.2

Huang, et al., describe a method of characterizing residual 
HCPs in monoclonal antibodies by combining a novel 
sample preparation procedure using trypsin with shotgun 
proteomics. The authors say the approach results in a 
dynamic range for HCP detection using mass spectrometry 
that is one to two orders of magnitude less than the 
traditional sample preparation procedure.5

Strengths and Limitations of LC-MS/MS

Strengths Limitations

High sensitivity Interference from overexpressed mAb

High throughput Low throughput for some approaches

Provides identity information Requires highly specialized training

Detects low-abundance HCPs --

Works with ELISA as orthogonal method --

Not reliant on antigenic response --
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Conclusion
General regulatory guidelines recommend HCP levels below 100 ppm in final drug substances. When profiling HCPs for large 
molecule therapies, however, it’s important to detect and mitigate even low-level HCPs to ensure patient safety and product 
purity. Scientists must go beyond HCP-ELISA to properly identify, quantify, monitor, and mitigate HCPs that introduce risk.

While all methods have their strengths and limitations, fit-for-purpose LC-MS/MS-based methodology can significantly benefit 
biopharmaceutical process development by providing a complement to the gold standard of HCP analysis.

Use Cases

A small biopharmaceutical company needs to better 
understand the HCP population for its drug product or 
substance during manufacturing. This company has few 
instruments available, but they’re required to perform a 
variety of tests. A sensitive, robust method and platform  
such as LC-MS/MS — whether performed in-house or 
outsourced — allows the biotech company to speed 
up testing and gain valuable process and product  
understanding that will support regulatory filings.

A biotech sponsor noticed particle formation in the 
monoclonal antibody therapy it is developing. Its team 
wants to know what’s degrading its protein. Using LC-MS/
MS, the sponsor identifies HCPs either known or suspected 
to either degrade the protein or to degrade common 
stabilizers in the formulation buffer. With HCPs identified, 
they develop strategies to clear them from the drug product 
or substance. The sponsor also uses LC-MS/MS to monitor 
the effectiveness of any process changes on the amount of 
the problematic HCPs.
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