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Abstract. In silico HLA-binding algorithms and in vitro T cell-based assays as predictive
tools for human immunogenicity risk have made inroads in the biotherapeutic drug discovery
and development process. Currently, these tools are being used only for candidate selection
or characterization and not for making a go/no-go decision for further development. A clear
limitation for a broader implementation is the lack of correlation between the predicted T
cell epitope content/immune reactivity potential of a biotherapeutic and the subsequent
ADA-related clinical immunogenicity outcome. The current state of technologies and their
pros and cons were discussed as a part of the 2016 AAPS National Biotechnology
Conference in a themed session. A review of the advances in the area and the session talks
along with the ensuing discussions are summarized in this commentary.

KEY WORDS: algorithm; anti-drug antibody; antigenicity; immunogenicity; prediction; T cell epitope;
MAPPS.

INTRODUCTION

The rapidly growing number of approved biotherapeutic
drug products in the clinic point to the remarkable success of
thesemodalities in many challenging therapeutic areas. Amajor
limitation to the use of biotherapeutics is the development of
anti-drug antibodies (ADA) which may decrease the efficacy of
the biotherapeutic candidate by neutralizing them or modifying
their clearance, and/or impact safety by inducing drug-specific
hypersensitivity reactions (1). The ADA may also cross-react
with closely related endogenous counterparts of the
biotherapeutic thereby interfering with critical physiological
functions. Therefore, the early prediction and mitigation of
immunogenicity risk during discovery and throughout the
course of biopharmaceutical drug development and patient
safety is an important consideration.

The critical step in the development of an immune
response to a biotherapeutic is the activation of CD4+ T cells
as a result of its recognition of a cognate peptide MHC class
II complex on an antigen-presenting cell. Several immunoge-
nicity risk assessment tools for biotherapeutics such as in

silico human leukocyte antigen (HLA)-binding algorithms
that identify potential T cell epitopes, LC/MS-based MHC-
associated peptide proteomics (MAPPS) assays, in vitro
peptide/HLA-binding assays and in vitro human blood-
derived cell-based assays based on this critical step have
gained prominence over the past decade (2) (Fig. 1). While
the MAPPS assay provides a direct assessment and readout
of peptides associated with MHC, the human in vitro assays
can help understand the heterozygosity of alleles and the T
cell repertoire in a healthy population that can potentially
react to the presented peptides.

The ability of these tools to predict clinical outcomes still
needs further validation. This gap hence mandates that such
evaluations be instead termed as immunogenicity or antige-
nicity risk assessments (Fig. 2). In vivo animal models
including HLA transgenics or mice with humanized immune
systems are being considered by some laboratories to obtain a
comparative assessment of the risk for developing an ADA
response (for example to compare the marketed drug product
to a biosimilar or evaluate multiple formulations or
manufacturing lots with variable amounts of process impu-
rity) and breaking of tolerance to the endogenous protein.
Currently, rodents and other animal models are not widely
believed to be an accurate representation of the immunoge-
nicity risk in humans. However, these models are under
development and further refinement and may prove useful in
the future. As such, these are not included as a part of this
discussion.

Most of these tools are primarily employed in the
discovery phase of biotherapeutics development to identify
T cell epitope content on various variants of a protein
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sequence and support candidate selection based on the
sequence with the least antigenic property in conjunction
with other selection parameters such as efficacy, off/on target
effects, manufacturability, and pharmacokinetics (3,4). The
information from these tools enables optimization of the
sequences by rational design or rank ordering sequences
(if multiple variants with similar developability parameters
are available) to reduce the likelihood of ADA in the

clinic (5–7). Additionally, the algorithm-based readouts
and their association with specific HLA-DR alleles can be
confirmed using human immune cell-based assays (6).
These assays can also be used to identify and derisk
attributes driven by post translational changes to the
biotherapeutics that are not T cell epitope driven (8–10)
and are instead related to process and manufacturing
related changes (8,9,11).

Fig. 1. Key processes involved in the development of a humoral, MHC class II-mediated anti-biotherapeutic IgG response and corresponding
predictive immunogenicity tools. a Processed peptides from the biotherapeutic are presented as T cell epitopes on MHC class II molecules on
an APC like a dendritic cell. Computational tools can be used at this stage to model the affinity of peptides to the different human MHC class II
molecules. In vitro HLA-binding assays and MAPPS assays can be used to measure the affinity and stability of peptides binding to MHC class
II. b CD4+ helper T cells recognize the T cell epitopes presented by APC’s with their TCRs resulting in activation and proliferation of these T
cells. Different assay formats based on diverse donor cells can be utilized to measure T cell activation in response to an antigen in vitro. c
Activated T cell interaction with B cells results in the development of plasma cells secreting high affinity antibodies. Transgenic mouse models
containing human immune cell repertoires can produce high affinity antibodies to biotherapeutics. d T regulatory cells modulate immune
responses to an antigen. Predictive assays and tools that include these cells are therefore more likely to model in vivo immunogenicity. APC
antigen-presenting cell, MAPPS liquid chromatography/mass spectrometric (LC/MS)-based MHC-associated peptide proteomics, TCR T cell
receptor

Fig. 2. In silico and in vitro cell-based tools model and measure critical steps in an antibody-mediated immune response. Analytical, functional,
and clinical correlation as well as standardization of these tools remains a challenge and an obstacle for greater utility of these tools in the drug
development. HLA human leukocyte antigen

1588 Gokemeijer et al.



Nevertheless, the utilization of these preclinical tools is
hindered by the lack of common assay standards and
independent clinically validated data. An American Associ-
ation of Pharmaceutical Sciences (AAPS) survey in 2014
indicates (manuscript submitted) that a wide cross section of
labs across industry and academic institutions that evaluate
immunogenicity to biotherapeutics have begun adopting
these methods. However, the use of standardized methods
and outputs among these peers needs further effort in order
to compare risks due to the sequence and other attributes
across biologics with similar engineered sequences (e.g.,
biosimilars), analytical performance of the assays used, and
clinical correlation. Another limitation is the availability of
clinical studies where a biotherapeutic was administered
before and after engineering out the non-self T cell epitopes
from the sequence. Results from such a study would clearly
indicate if removal of T cell epitopes led to decreased
incidence of immunogenicity in clinic.

At the 2016 AAPS National Biotechnology Congress,
a BTopics in Transition^ session entitled, BApproaches to
Evaluate Ex Vivo Immunogenicity Risks with Observed
Clinical Outcome^ highlighted these promising tools and
methods and the associated challenges. The opening talk
of the session entitled BCorrelation of Preclinical Predic-
tion Outputs with Clinical Outcomes^ by Vibha Jawa
described evaluations using in silico algorithm and im-
mune cell-based predictive tools and success at correlating
to an ADA response in clinic (Jawa et al. manuscript in
preparation). Through case studies using unpublished
sequences and commercially approved biotherapeutics,
the talk showed that output from sequence-based algo-
rithms and in vitro assays, even with their limitations, can
improve the prediction accuracy for sequence based risk
identification and rank ordering of candidates to achieve
the least clinical immunogenicity outcome. The next talk
was delivered by Nikolai Schwabe and titled BTools &
Technologies for Managing Immunogenicity Risk - where
does the rubber meet the road?^. The presentation
focused on the ability of using new and established
in vitro cell-based activation as well as HLA-binding
epitope analysis methods that can provide a broad
correlation of T cell activation potential or epitope
content with clinical ADA incidences. While providing
examples of success stories where such associations are
observed using these methods, he also elaborated on how
the B cell expansion in the germinal centers and patient
specific factors such as disease, prior exposure and state of
the immune system cannot yet be assessed in these
preclinical methods and thereby limits the ability of these
in vitro T cell activation readouts to assess clinical
immunogenicity risk. This commentary provides highlights
of the presentations and the ensuing discussions on the
challenges and resolutions suggested by the panel mem-
bers and the audience.

WHAT DO IN SILICO TOOLS PREDICT AND IS THAT
OUTPUT RELEVANT FOR ADA FORMATION?

Computational algorithm-based in silico tools rely on the
ability of the linear peptide sequences parsed into overlap-
ping peptides up to 15 amino acids long to bind to the HLA

allele pocket. The size, charge, and polarity of each amino
acid at each position collectively determine how well a
protein fragment will bind to a given HLA allele. A large
variety of algorithms are available for performing the
predictive evaluations, with each one addressing a specific
element related to binding of the sequence at the MHC
pocket (12). Currently, the most utilized application of the
predictive algorithms is rank ordering the variants and short
listing/selecting the least risky molecule in terms of T cell
epitope content as the candidate for further development.
Additionally, by utilizing the T helper epitope cluster analysis,
the hot spots in the sequence that bind promiscuously to the
large number of HLA, alleles (DR, DP, and DQ) can be
identified. Such information can be used at early stages of
discovery for lead optimization and selection. Although
immunogenicity concerns are most related to development
of antibodies to a biotherapeutic, these in silico algorithms
almost exclusively center on the prediction of potential T
helper cell epitopes, which would presumably facilitate the
maturation of B cells into ADA-producing plasma cells.
However, these in silico tools are not currently designed to
assess the impact of non-natural amino acids, nucleic acids, or
post translational modifications, which may be studied using
in vitro cell-based T cell activation assays.

An improvement in prediction accuracy can be
attempted by utilizing multiple algorithms that can each
provide their own specific readouts (Jawa et al., manu-
script in preparation). The outputs from multiple algo-
rithms not only predict the binding of amino acids to the
HLA pocket but also provide an understanding of the
cross reactivity and tolerogenicity of the sequences due to
homology to human genome and microbiome which
educates the T cell repertoire (13). Additionally, the
overall prediction score was also normalized by taking
into account the presence of T regulatory epitopes in
addition to effector CD4 T cell epitopes (14). An
additional in silico algorithm prediction method that
follows the consensus approach that combines outputs
from multiple prediction approaches and is sourced by
in vitro peptide binding to HLA-DR pockets was also
used as an orthogonal means to identify the top 1%
binders to prevalent HLA DRB1 alleles in the worldwide
population as well as less frequently reported DRB3 and
DP/DQ alleles (15). Most of the HLA-binding datasets in
the databases used for the in silico algorithms are derived
from HLA DRB1 binding machine learning or experi-
mental observations; hence, these are most frequently
used to power the in silico peptide-HLA binding predic-
tions. Overall, the concept was to strengthen the predict-
ability by layering the features from each tool.

WHAT DO IN VITRO T CELL ACTIVATION AND
HLA-BINDING ASSAYS PREDICT AND IS THAT
DATA RELEVANT FOR ADA FORMATION IN THE
CLINIC?

In vitro HLA-binding immunoassays or human PBMC
and dendritic cell (DC) assays (14) provide additional risk
assessment and represent a means to confirm as well as probe
for any post sequence quality attributes and impurities that
could become an immunogenicity risk during the
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manufacturing and formulation process. These methods are
based on measuring immune cell activation following expo-
sure to the intact biotherapeutic or overlapping small
peptides derived from it, and have been extensively discussed
in the recent published literature (3,4,9,10,16–20). It was very
clear from the presentations that these human immune cell-
based or HLA-binding assays are most beneficial when
powered with diverse donor pool and HLA genotypes
representative of the world population. These assays are
useful not only to measure the risk due to the foreign epitope
content of the biologic but can also assess the immune
activation danger signals due to product attributes like
aggregation (10,21), host cell proteins (8), degraded protein
fragments, leachates like silicon oil, tungsten, and other
metals.

In vitro HLA-peptide binding immunoassays have
traditionally been used to provide the datasets that are used
to build the in silico algorithms (22,23). Recently, in vitro
methods such as MAPPS have made significant inroads in
preclinical immunogenicity by mapping the naturally proc-
essed and presented T cell epitopes on biotherapeutics
(19,24). The DCs naturally process proteins and present the
derived peptides in the context of HLA-class II. HLA-DR-
associated biotherapeutic-derived peptides, representing
potential T cell epitopes, are identified in the MAPPS
assay and appear to represent the naturally presented T
cell engaging epitopes. These assays indicate that natural
antigen processing plays an important role in identifying
potential T cell epitopes as much smaller numbers of
peptides are eluted from the HLA pocket than what is
predicted by the HLA-binding assays and in silico
algorithm-based outputs. Hence, data from these MAPPS
assays help to address the limitation of Bover prediction^
of in silico algorithms and can also help in the identifica-
tion of Bdominant^ T cell epitopes.

Schwabe et al. showed a good correlation of a
biotherapeutic protein with a low immunogenicity inci-
dence in clinic with a low number of T cell epitopes
identified by MAPPS assay and a low T cell activation in
the in vitro PBMC assay. Similarly, biotherapeutics with
relatively higher clinical immunogenicity incidences also
showed increased numbers of potential T cell epitopes in
the MAPPS assay and increased T cell response rates in T
cell activation assays.

Another key application of MAPPS assay was the
ability to correlate T cell epitopes from a biotherapeutic
identified using in silico algorithm with the MAPPS assay
output. The results from the HLA-binding study con-
firmed that the peptides eluted from specific HLA DR
alleles of antigen-presenting cells of patients dosed with a
biotherapeutic were also predicted as potential high
binders by the in silico algorithm (3,25). A comprehensive
evaluation of the correlation of preclinically identified T
cell epitopes and clinical T cell activation is ongoing as
part of the European consortium, Anti-Biopharmaceutical
Immunization: prediction and analysis of clinical relevance
to minimize the RISK (ABIRISK) initiative and data from
these studies should become available in the near future.
The outcomes from such studies seem to indicate that
layering in silico and in vitro data could provide a higher
degree of confidence in the immunogenicity assessment.

GAPS AND CHALLENGES IN ANTIGENICITY
ASSESSMENTS AND THE PATH FORWARD

In 2014, the Immunogenicity Prediction Action Program
Area (IPAPA) within the AAPS Therapeutic Product Immu-
nogenicity Focus Group (TPIFG) systemically surveyed
industry, academic and regulatory agencies stakeholders on
the use, impact, applicability and limitations of the in silico
and in vitro HLA-binding or cell-based T cell epitope
identification tools and collated the responses. In these
surveys, it was noticed that some of the shortcomings of
these methods were the limited correlation (both analytical
and clinical) of the prediction output and lack of commonly
established parameters to define the validation criteria.
Additionally, none of these methods consider the numerous
exacerbating patient and product related factors that promote
ADA responses. A summary of gaps and potential mitigation
strategies are provided in Table I. Koren et al. (26) have
attempted to address these shortcomings by comparing the T
cell responses and their memory to the administered protein
by probing for a recall response with immune dominant
epitopes from T cells derived antibody positive subjects. More
studies are needed to show such correlations using the cells
from dosed donors.

It appears that the strength and gaps from such readouts
when pieced together can be used to gauge the overall value
even though the correlations might not be perfect. Such
instances of comparative antigenicity assessments are unfor-
tunately frequently not published, presumably, due to fore-
seeable impact to internal R&D programs and lack of
concrete requirements or recommendation guidance from
regulatory agencies.

The biggest challenge remains with the predictive
accuracy and correlations with clinical immunogenicity inci-
dence. Some ways to improve the predictive accuracy are by
(1) utilizing the multi-functionality of algorithms and
confirming the top 1–10% binders with the strongest binding
affinity in a sequence, (2) incorporating a diverse HLA allele
coverage to encompass global diversity and mining of
pharmacogenomics data from clinic and obtaining associa-
tions of HLA alleles with immunogenicity incidences, (3)
assessing the binding of peptide MHC complex to the
variable T cell receptor repertoire of healthy and diseased
subjects, (4) accounting for the regulatory epitopes and
differentiating between T cell epitopes conserved between
human genome as well as environmental pathogens, and (5)
using in vitro T cell activation and HLA-binding assay outputs
to confirm the peptides identified as potential epitopes.
Additionally, by assessing for recall response in diseased
subjects challenged with the predicted peptides, more confi-
dence can be generated around the predictive accuracy of
such tools.

Some obvious caveats in performing correlations of T
cell derived outputs to ADA incidences are comparing the
fate of linear sequences from a biotherapeutic that could
drive a T cell functional readout in vitro and linking to a B
cell-derived antibody response-based outcome in patients.
Such relationships can at the most be considered associative
and require underlying assumptions that linear epitopes that
drive T cell response in vitro can potentially drive the B cell-
driven antibody responses in vivo. The kinetics of such an
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ADA generating response and other factors like disease
indications, technical variability in the detection of such
antibodies and the role of standard of care immune suppres-
sive medications in influencing the overall outcome have to
be taken into account and need further evaluation systemat-
ically. Nevertheless, these methods are close approximations
of the human antigen presentation and T cell activation steps
that precede B cell maturation and ADA secretion. It was
evident in the discussions that B cell immunogenic epitopes
can be incorporated into immunogenicity prediction models.
Although several in silico tools for predicting B cell epitopes
have been developed to predict both linear or conformational
epitopes, these are not yet being utilized widely or systemat-
ically to predict immunogenicity to biotherapeutics. Finally,
during the break out session, the panel and the audience
encompassing academic, industry and regulatory agency
partners discussed the best practices within the current state
of technology and understanding of immune systems and
agreed that at present, in vitro HLA-binding and in vitro cell-
based proliferation or cytokine activation assays provide an
additional level of accuracy/reliability, as well as an opportu-
nity to corroborate the in silico prediction outcomes. No
approach or strategy yet approaches 100% accuracy when it
comes to predicting a clinical outcome and there are
challenges including but not limited to (1) inability of all
relevant players of the immune system that are present
in vivo to be a part of in vitro assays, (2) cells and their
functional outputs in long-term cultures can be rate limiting,
(3) lack of clinical studies where a biotherapeutic was
administered before and after optimization/rational design
for engineering out potential immunogenic epitopes, and (4)
the fate of the biotherapeutic in an in vivo environment with
interplay of tissue architecture like extracellular matrix
(ECM), interstitial space and vasculature cannot be
reproduced. Some effort has been made by development of
artificial lymph node systems which need further validation
(27).

It appears that the abovementioned gaps and the
mitigation strategies when pieced together can be used to

gauge the overall value even though the correlations might
not be perfect. Such instances of comparative antigenicity
assessments are unfortunately frequently not published by
industry peers, presumably, due to foreseeable impact to
internal R&D programs and lack of concrete requirements or
recommendation guidance from regulatory agencies.

CONCLUSIONS

Some of the key takeaways from these sessions were
as follows. The participants and the audience agreed that
a robust immunogenicity risk assessment would require
multiple orthogonal tools to confirm and complement the
final outcome. It was clear that the drug type and the
stage of the research and development program would be
the guiding points for the selection of the in silico or
in vitro assay platforms. Additionally, it would be benefi-
cial to employ layering of algorithms or use orthogonal
methods to increase prediction accuracy since no recom-
mendation on the most beneficial tool is currently
available.

In cognizance of the gaps in correlation of predicted
immunogenicity with clinical immunogenicity, ongoing efforts
to standardize these technologies both within US through the
AAPS focus groups and recent publications by the European
ABIRISK consortium to validate the methods and correlate
the predictive platforms to ADA and clinical immunogenicity
outcomes have been encouraging (5,28–30).

Furthermore, in order to achieve the necessary
clinical validation, drug development process could com-
pare T cell repertoire from both naïve and dosed clinical
samples to correlate the T cell epitope profile with ADA
risk. Systematic collection of clinical HLA data and whole
blood-derived PBMC samples pre and post dosing with
biotherapeutic through informed consent in clinical proto-
cols could also add to further understanding of the
association of HLA of individuals to the risk of immuno-
genicity in clinic. Also, such efforts are likely to succeed if
a side-by-side comparison of two drug sequences can be

Table I. Gaps in Antigenicity Profiling and Mitigation Strategies that Can Increase Predictive Value of Tools

Gaps Mitigation strategy

Datasets curated from literature or commercial sources are limited to
microbial, vaccine, and allergens and are rarely linked to HLA
genotype

Initiate an effort through AAPS and other industry led focus groups
to curate data from more relevant biotherapeutics and recombinant
protein-related published sequences

Risk due to linear T cell epitopes cannot correlate to a B cell-driven
ADA response, instead it should relate to a recall/memory T cell
response from treated subjects

• Recommend whole blood-derived PBMC samples pre and post
dosing with biotherapeutic through informed consent in clinical
protocols
• Immune cells from dosed donors can be probed to elicit the
memory to the therapeutic protein and define immunodominant
peptides

Correlation with clinical immunogenicity data is confounded due to
• Lack of HLA information in drug-treated subjects
• Dependent on diseased state and treatment histories of patient

populations

• Propose a collection of HLA data from subjects enrolled in clinical
trials as part of pharmacogenomics strategy
• Collect clinical and treatment histories to make informed
correlations with the outcome

HLA human leukocyte antigen, AAPS American Association of Pharmaceutical Sciences, ADA anti-drug antibodies, PBMC peripheral blood
mononuclear cells
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performed. This might be feasible in early discovery
where candidates before and after optimization can be
expressed in small scale and tested in in vitro systems.
Overall, the participants agreed that pending analytical
and clinical validation; preclinical tools can be used to
derisk/deimmunize the non-self epitopes to reduce the
immunogenicity risk.
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