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E ven with increased 
understanding of host cell 
proteins (HCPs) and their 
potential risks, no practical 

approach has been made available for 
HCP risk management during 
bioprocess development. A 
BioPhorum Development Group 
(BPDG) team has identified common 
HCP-related risk factors and built a 
template for semiquantitative risk 
assessment during process 
development based on publicly 
available information. To this end, the 
BPDG HCP working team’s assay and 
knowledge-sharing experts have 
established a common HCP risk 
assessment tool and mitigation 
strategy to guide bioprocess 
developers. In part 1 last month, we 
introduced this tool and described 
how to apply it when high levels of 
residual HCPs are found in a drug 
substance (DS). This month, we 
examine several other applications as 
well as address the limitations of our 
risk-assessment tool.

More Potential Negative Events 
Dilutional Nonlinearity Issues with 
Sample Testing: In measurements of 
residual HCP in drug substance or 
in-process samples, dilutional linearity 
assessment is essential to ensure 
accurate determination of trace HCPs 
in a complex sample matrix dominated 
by the presence of drug product (5, 27). 

Enzyme-linked immunosorbent assays 
(ELISAs) are multianalyte assays 
involving many antibody–antigen 
immune reactions. The signal 
generated from the sum of all 
antibody–antigen reactions in a 
sample is calibrated against a curve 
plotted with signals generated from a 
standard series against a known total 
protein concentration. Because of 
HCP composition differences between 
samples and standards, dilutional 
linearity often is limited to a narrow 
range in which the signal response 
proportionally correlates with the 
residual HCP amount. Dilutional 
nonlinearity often is observed when an 
insufficient amount of anti-HCP 
antibody is available to capture all 
highly abundant HCPs that copurify 
with DS. 

Troubleshooting the potential cause 
for dilutional nonlinearity issues often 
requires the use of orthogonal 
methods to identify and characterize 
HCPs. One example of such a 
nonlinearity issue led to the 
identification of PLBL2 in CHO-
produced monoclonal antibody 
products (27). Highlighting a common 
observation seen during HCP assay 
qualification, Table 8 lists the 
potential risks from dilutional 
nonlinearity with a severity score of 3, 
occurrence score of 2, and the risk 
criticality of 6 (3 × 2). The 
detectability of its impact is considered 
to be very difficult, with a detection 
score of 4. Therefore, the risk priority 
number (RPN) is evaluated to be 24 
(3 × 2 × 4), which falls into the 
medium-risk range (21–44). No 
process change may be necessary in 
such a case if the HCP amount 
measured also falls within the low-risk 
range, but assay changes or orthogonal 
methods might be needed to control 
the risks (Table 8). 

A more accurate assessment can be 
made in some cases depending on the 
available analytical data. As 
recommended by USP monograph 
chapter 1132, when dilution linearity 
cannot be achieved even after assay 
improvement and analytical 
investigation, DS testing results can 
be reported using the worst-case 
scenario. In such cases, an analyst 
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reports the HCP amount determined 
from a DS dilution that gives the 
highest level of parts-per-million.

Products with Unusual Stability 
Profiles or Degradation Pathways: The 
effect of residual HCP on product 
stability often is unknown until DS 
stability data become available. 
Residual HCPs may have protease 
activity that can degrade a therapeutic 
protein, leading to unusual stability 
profiles with unexpectedly high levels 
of fragmentation, for example (22, 28). 
Some HCPs may have lipase activity 
that can degrade polysorbates used in 
formulations, and that can lead to 
formation of visible or subvisible 
particles in drug products (8, 20, 24, 29). 
Degradation of polysorbate also can 
decrease product quality through 
promotion of methionine oxidation and 
aggregation. That in turn can create a 
potential immunogenicity issue. 

Polysorbate often is added in excess 
to compensate for its degradation over 
time. However, subvisible or visible 
particle formation resulting from that 
degradation can cause significant 
product quality concerns. In such cases, 
the severity is considered to be 
significant, with a score of 4, and the 
product quality failure is probable, with 
an occurrence score of 3, leading to a 
risk criticality score of 12 (4 × 3). 
Detectability is difficult, with a score of 
3, given the time required to acquire 
meaningful product stability data and 
the need to identify the cause of unusual 
stability profiles. Altogether, the RPN 
is 36 (4 × 3 × 3), which falls within the 
medium risk range, for which further 
analytical characterization to identify 
problematic HCPs would be 
recommended (Table 8). The risk of 

such a negative event can be reassessed 
upon identification of problematic 
HCPs and targeted analysis of their 
levels and enzymatic activities. When 
reassessment results in a higher RPN 
number (≥45), process improvements 
might be needed to further remove such 
HCPs to acceptable levels. 

Other Factors to Consider When 
Assessing HCP-Related Risk: Biologics 
development is a continuous process 
through which product and process 
understanding builds up with extensive 
analytical characterization. That in 
turn helps guide process improvements 
to deliver a final product with high 
quality in terms of purity, safety, and 
efficacy. During this dynamic process, 
risk priorities change frequently along 
with risk severity, occurrence, and 
detection. Often they need to be 
reevaluated to identify proper 
mitigation activities. Companies can 
apply our risk-assessment methodology 
to their own unique sets of 
circumstances to manage and minimize 
potential risks posed by HCPs.

In addition to improvements in 
downstream processing, it is also 
important to adopt relevant and robust 
analytical assays for HCP measurement 
and characterization. Therefore, these 
same principles also can apply in 
evaluating the risk priority for new 
assay development or orthogonal 
approaches for HCP characterization. 
Table 8 also lists some of the most 
common negative events observed with 
HCP assays, with risk assessment and 
mitigation activities.

Real-Life Industry Case Study: 
Ideally, risk-assessment tools should 
be living documents that are 
continually reevaluated throughout 

product and process development. An 
example of such a reevaluation process 
can be found in a recent HCP 
investigation by Lu, et. al (30). In their 
study of a recombinant fusion protein 
expressed in human embryonic kidney 
(HEK) cells and purified with a 
three-column process, one major HCP 
band was observed consistently in DS 
samples after that three-step 
purification. The team’s initial 
assessment of risk using the BPDG 
risk-assessment tool yielded a high risk 
priority with a cumulative score of 48 
(4 × 3 × 4). Before the HCP was 
identified, it was given a severity of 4 
because of both high uncertainty and 
its unknown status. 

One-dimensional (1D) gel 
electrophoresis using anti-HEK HCP 
antibodies confirmed the presence of 
one major HCP. That one major HCP 
would severely compromise safety is 
probable, with an occurrence score of 
3. Detectability of this particular 
HCP’s impact was considered to be 
very difficult without identification 
information, giving it a detection score 
of 4. With such a high priority score, 
orthogonal tools would be needed to 
identify and quantify the HCP to 
decrease its risk profile. 

Liquid chromatography with mass 
spectrometry (LC–MS) identified the 
HCP as heat-shock protein 70 
(Hsp70), which was confirmed using 
other analytical methods (31). Hsp70 is 
a chaperone protein found in 
mammalian cells and released on cell 
breakage. It is a common HCP 
identified in bioprocesses (31), 
ubiquitously expressed in human 
tissues and thus present in human 
plasma. The amount of human Hsp70 

Table 8:  Host-cell protein (HCP) risk scoring and control for the most common negative events that occur during bioprocess development

Potential Negative Event
Severity 

(1–5)
Occurrence 

(1–4)

Criticality 
(Severity × 

Occurrence)
Detection 

(1–4)

Priority 
(Criticality × 
Detection) Mitigation Activities

Early process fails to remove 
HCPs, and HCP exceeds 
expected acceptance criteria

5 3 15 4 60 (high) Add process steps or optimize process to 
remove HCPs to acceptable levels based on 
past experience or industry standard.

Dilutional nonlinearity issues 
with sample testing

3 2 6 4 24 (medium) Possible assay improvement for DS testing; 
in-process testing uses the average from 
multiple dilutions or worst-case scenario.

Unusual stability profile or 
degradation pathway

4 3 12 4 48 (high) Identify problematic HCPs for targeted 
analysis and removal when deemed necessary.

HCP immunoassay antibodies 
do not have majority 
detection of mock HCP

3 3 9 3 27 (medium) A process-specific assay with better HCP 
detection is needed (or supplement with 
LC-MS based method for HCP monitoring).
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introduced through administration of a 
recombinant fusion protein would be 
negligible and far below the levels of 
any stress-related Hsp70 release, so it 
should pose minimal risk to patients. 

After the HCP was identified, 
quantified, and deemed to be safe for 
the administered dosing, its risk 
priority was reevaluated. With a 
better-defined clinical risk, the 
severity score was decreased to 2; the 
occurrence score also decreased to 2. 
Finally, because the HCP had been 
identified and specific assays 
developed to measure its presence and 
quantity, the detectability score was 
lowered to 1, leading to a final RPN 
of 4 (2 × 2 × 1). With such a low 
priority score, no further process or 
assay changes were required. 

This case study illustrates both how 
the risk-assessment tool can be used to 
identify the need to tackle 
experimentally unknown HCPs in DS 
samples and the benefits of using it as 
a living document. This example also 
highlights the necessity of using both 
our tool and a clinical safety risk 
assessment tool as described by de 
Zafra, et al. (7) to decrease the risk 
profile of a contaminating HCP.

Further Discussion

Measurement, control, and potential 
risks of residual HCPs in biologics are 
well discussed in literature and 
regulatory guidelines (1, 5, 10, 11). The 
risks associated with such impurities 
often are assessed with a combination 
of downstream process capabilities, 
residual HCP levels, the (maximum) 
dose used, route of administration, 
dosing frequency, toxicological data, 
clinical indication, and clinical data (1, 
7). Although it is a common 
understanding that HCPs pose some 
clinical safety risk through their 
potential to elicit an immune response, 
only a few clinical experiences indicate 

a clear correlation of residual HCP 
existence and antidrug antibody or 
anti-HCP antibody response in 
patients. It is difficult to demonstrate 
which HCP at what concentration can 
cause immunogenicity problems in 
humans under different disease 
conditions (1). 

Theoretically, preclinical 
pharmacological and toxicological 
evaluations can be performed with 
different amounts of HCP impurities 
present. However, most such 
evaluation results are irrelevant 
because of the differences in 
immunogenicity responses to HCP 
impurities between animal models and 
human patients. The magnitude and 
nature of an immune response 
depends on homology of an HCP’s 
amino acid sequence, the residual 
HCP amount, a product’s dosing 
regimen, a patient’s health condition, 
and so on. For that reason, a risk-
control strategy must be applied 
through development of robust 
downstream processing steps to 
remove HCPs (1, 5, 7). 

In addition to eliminating HCPs, 
downstream processing also needs to 
remove other process-related impurities 
such as host-cell DNA, residual 
chromatography ligands, and 
adventitious viruses. Some platform 
purification processes designed for a 
class of molecules can be incapable of 
addressing certain difficult-to-remove 
HCPs that copurify with a DS because 
of their high abundance in cell culture 
supernatant, similar biochemical 
properties with the DS (product 
nonspecific), or hitchhiking effects 
(product specific) (15, 32–35). Although 
increasing the number of column 
washes and adding additional 
purification steps have been shown to 
remove HCPs that nonspecifically 
copurify with DS to lower levels (37), 
those additional steps will increase costs 

in biologics production. Thus, it is 
expected that every biological drug 
product will have trace amounts of 
HCPs residing with the drug substance.

Setting tolerance levels of residual 
HCPs in biologics is a balance of 
process capability and manufacturing 
cost on one side and potential safety 
risk on the other. So HCP risk 
assessment is an inherent part of 
bioprocess development, from 
preclinical studies all the way through 
commercialization. The goal is for a 
purification process to minimize 
HCPs residing with a DS and for 
process characterization to elucidate 
and monitor their clearance during 
downstream processing. With a robust 
downstream process and sensitive 
analytical methods to characterize 
HCPs during process development, 
the risks associated with HCPs should 
be minimized to low levels by late-
phase development. 

When a manufacturing process is 
fixed for commercial production, the 
risk of residual HCPs in drug product 
to patient safety can be assessed 
following the framework published by 
de Zafra et al. (7). However, practical 
risk assessment guidance has been 
lacking for bioprocess developers that 
haven’t yet identified residual HCPs in 
their drug substances. The risk-
assessment tool developed through the 
BPDG collaboration adopts a quality 
risk-management concept as described 
in the ICH Q9 guideline (23). Our 
aim has been to develop a tool that 
could be used semiquantitatively to 
calculate risks associated with residual 
HCPs based on common HCP-related 
negative events encountered during 
biologics development. 

This tool, however, comes with a 
few limitations. Severity, occurrence, 
and detection scores may be considered 
subjective. Negative events defined 
herein don’t reflect all information 

Table 9:  Heat-shock protein 70 (Hsp70) case study (30)

Negative Event
Severity 

(1–5)
Occurrence 

(1–4)

Criticality  
(Severity × 

Occurrence)
Detection 

(1–4)

Priority 
(Criticality × 
Detection) Mitigation Activities

Unknown major host-cell protein 
band in drug substance analysis 

4 3 12 4 48 (high) Use orthogonal methods to identify 
and quantify the HCP detected.

Hsp70 in drug substance analysis 
(after risk mitigation)

2 2 4 1 4 (low) No mitigation activities are 
necessary.
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available at the time of risk assessment, 
so the risk scores presented in our 
examples or templates should be 
reevaluated when new information is 
uncovered. The risk severity, 
occurrence, and detection as defined in 
Table 1 (see Part 1 last month) is to 
evaluate the risk on the impact of a 
negative event when it occurs. Those 
definitions are different from the 
probability of occurrence of a given 
negative event and the delectability of 
negative event, which proactively 
evaluates the risk of a negative event. 

Aside from those limitations, our 
risk-assessment tool provides a 
template for semiquantitative risk 
assessment in which a negative event 
can be defined further based on a 
given company’s unique circumstances. 
By applying this tool, risk priority can 
be identified so mitigation actions can 
be taken to minimize potential risks 
caused by HCPs in subsequent process 
development. Such risk-evaluation and 
mitigation activities should help 
companies communicate with 
regulatory agencies regarding steps 
they have taken to minimize process 
risk and defend their decisions not to 
add additional process steps or control 
measures when the assessment implies 
that such measures are unnecessary. 

A Strategic Approach

With guidance absent on HCP-related 
risk management during product 
development, we determined that a 
risk-assessment tool to guide product 
risk control would be of particular 
interest to the biopharmaceutical 
industry. By developing the tool 
described herein, we hope to establish 
an industry-wide best practice through 
the BioPhorum Development Group’s 
HCP collaboration discussions. This 
risk-management approach could be 
used to mitigate risks of introducing 
HCPs that might adversely affect 
clinical product safety or efficacy or 
product stability in early and late-stage 
process development. It also can be 
used to identify the risks of HCPs 
already present in a DS and develop 
risk mitigation strategies if needed. 

The purpose of this tool is to 
provide a strategy that can be applied 
consistently to products in a company’s 

development pipeline during process 
and assay development and process/
assay changes. This tool combines 
science and risk-based approaches to 
mitigate HCP risk in products. It can 
be refined to better reflect the multiple 
negative events that affect product 
purity and quality and patient safety. 
Companies adopting this tool can apply 
their own circumstances, products, and 
experiences to a well-defined risk 
evaluation the product-development life 
cycle and use the tool to prioritize their 
risk mitigation activities as needed 
during process or assay development. In 
addition, the same methodology can be 
applied to assess safety risks from 
individual HCPs identified by LC–MS 
characterization of residual HCPs in 
drug products, taking multiple clinical 
risk factors into consideration. The 
main advantage of this tool is to 
provide semiquantitative assessment of 
risk and allow input from different 
subject-matter experts to help manage 
risks and facilitate a decision-making 
process.

You can download a more detailed 
risk-assessment tool developed by the 
BioPhorum Development group here: 
www.biophorum.com/host-cell-
protein-risk-assessment-tool. It 
includes an example template that 
users can download apply it to their 
own companies’ internal processes/
procedures and product specifics.
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