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Abstract. This article provides a theoretical case-study risk assessment report for a low-risk
monoclonal antibody (mAb) therapeutic. In terms of risk, there are considerations around
risks to safety, but also risks regarding effects on pharmacokinetics (PK), pharmacodynamics
(PD), and efficacy. Much of the discussion in this document is around the risk of
immunogenicity incidence. A higher incidence of immunogenicity would necessitate a
detailed review of the PK, efficacy and safety in anti-drug antibody (ADA) positive and
ADA negative subjects, in order to evaluate potential effects. The publication is intended to
provide a framework of some the current thought processes around assessing immunogenic-
ity risk and for building strategies to mitigate those risks. For this example, we have created a
hypothetical antibody, ABC-123, targeting a membrane protein on antigen presenting cells,
for the treatment of rheumatoid arthritis (RA). This hypothetical antibody therapeutic is
provided as an example for the purposes of risk assessment for a low risk molecule, although
any application of similar approach would be case by case.
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INTRODUCTION

A number of factors influence immunogenicity risk includ-
ing: amino acid sequence, manufacturing processes, route and
frequency of administration, disease indication, co-medications,
and the mechanism of action (1,2). There is a general perception
that humanized and fully human mAb therapeutics are consid-
ered low-risk for immunogenicity incidence. Humanized and fully
human mAbs have a large amount of native sequence homology,
and generally a low incidence of ADA in certain populations. A

systematic review of published literature on marketed biologics
for the treatment of chronic inflammatory diseases through
November 2016 was conducted and reported by Strand et al.,
2017 (3). Overall, 11 biologics were covered in the review, of
which 8 were mAbs including: adalimumab, CT-P13 (an
infliximab biosimilar), golimumab, infliximab, rituximab,
secukinumab, tocilizumab, and ustekinumab. The antibody
therapeutics discussed in the review included chimeric mouse-
human antibodies (infliximab, rituximab), humanized antibodies
(tocilizumab), and fully human antibodies (adalimumab,
golimumab, secukinumab, and ustekinumab). The incidence of
ADA formation in RA for the different classes of antibodies
ranged significantly. It is understood that the incidence of ADA
formation between biologics is not directly comparable, as the
assays are unique, and the incidence can vary depending on a
multitude of factors (4). Reported immunogenicity incidences are
highly dependent on assay formats and related factors, such as
sensitivity, drug tolerance, and interferences, such as the contri-
bution from rheumatoid factor (5); however, this is an interest in
following overall trends. In RA, the range of ADA detected for
chimeric antibodies has been reported to be 0–62%, for
humanized antibodies 0–16%, and for human antibodies 0–51%.

It is clear from these numbers that factors beyond the
continued improvement in antibody engineering (the pro-
gression of chimeric to fully human antibodies) impact the
incidence. Several reviews of available literature have shown
that designing a fully human mAb, has not eliminated the
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immunogenicity concern (4,6,7). Even fully human antibody
therapeutics with the same drug target, used to treat the same
disease, can result in different rates of immunogenicity.
Golimumab and adalimumab both target TNF-alpha and
can be used for the treatment of RA. Surprisingly, they have
different immunogenicity incidences in RA; golimumab (2–
10%) and adalimumab (0–51%). A fully human antibody
may still have the potential for immunogenicity, but what are
some of the implications associated with immunogenicity?

There are several different types of risk associated with
immunogenicity, primarily those related to efficacy and safety.
For the drugs adalimumab, golimumab, infliximab rituximab,
ustekinumab, and CT-P13, ADA positive patients displayed
lower drug concentrations than ADA negative patients (3).
RA patients who had binding ADA toward adalimumab,
golimumab, infliximab, rituximab, or CT-P13 showed less
improvement in disease activity (3). Generally speaking,
some patients with ADA may have diminished clinical
efficacy, often correlated to magnitude of ADA response or
to the presence of neutralizing antibodies.

The safety risk from immunogenicity toward a fully human
or humanized mAb is considered low, as the sequence is derived
from endogenous human IgGs. IgG is present at high concen-
trations in serum, hence, the immune system is generally
tolerized to IgG. However, ADA against some therapeutics in
this class have demonstrated an increased potential for infusion-
related reactions (3,8) and patients with ADAmay be at higher
risk for adverse events depending on the degree of sequence
similarity, quality attributes, andmechanism of action. In spite of
the potential immunogenicity-related outcomes discussed
above, the risk-benefit has been considered sufficient to warrant
approval of these biotherapeutics.

HYPOTHETICAL CASE STUDY

Background

ABC-123 is a hypothetical fully human mAb IgG4 which
acts as an immunosuppressant by antagonistically binding to cell
surface receptors on dendritic cells (DC) and B-cells, for the
treatment of RA with possible expansion into systemic lupus
erythematosus (SLE) during development. The binding of ABC-
123 to receptors on antigen presenting cells (APCs) prevents a
costimulatory signal from being transferred to a T cell, thus
suppressing the immune system in the case of autoimmune
dysregulation. The IgG4 isotype was selected for its low effector
function with relatively low Fc gamma receptor binding affinity,
and it does not elicit antibody-dependent cell-mediated cytotox-
icity (ADCC) or complement-dependent cytotoxicity (CDC).
IgG4 isotypes are known to undergo Fab arm exchange and as
suchABC-123was engineeredwith a S228Pmutation to abrogate
Fab arm exchange. ABC-123 will be manufactured in a
mammalian (CHO) cell line. The expected dosing paradigm in
RA includes twice-monthly subcutaneous injections (SC). Infor-
mation in this submission is provided to support the first in human
clinical trial for ABC-123 in healthy subjects.

Immunogenicity Risk

The risk assessment of ABC-123 immunogenicity was
prepared in alignment with the FDA guidance on

Immunogenicity Testing of Therapeutic Protein Products,
Jan 2019 (9) and the EMA Guideline on Immunogenicity
Assessment of Therapeutic Proteins, May 2017 (10).

Sequence (Predictive Tools) and Structural Based Risk

ABC-123 is a human IgG4 isotype mAb. An IgG4 was
selected for its low effector function with relatively low Fc
gamma receptor binding affinity, and it does not elicit ADCC
or CDC. Ig4 isotypes are known to undergo Fab arm
exchange and as such, ABC-123 was engineered with an
S228P mutation in the Fc region to abrogate the Fab
exchange (11). The hypothetical amino acid sequence of
ABC-123 is provided as supplementary material 1.

An in-silico immunogenicity analysis of the sequence-
based risk of ABC-123 was performed to enable selection of
the drug candidate with the least immunogenicity risk. HLA-
DR binding epitopes and clusters were identified in the light
and heavy chains using the Epimatrix algorithm (12). All of
the epitopes identified were epitopes that were also present in
multiple germline IgG4 sequences. As there were no non-
germline epitopes identified in the mature sequence of ABC-
123 that were predicted to bind with high affinity to HLA-
DR, hence, no in vitro immunogenicity assays were per-
formed. Although in vitro immune cell based assays were not
performed in this case study, they can assist in the identifica-
tion of therapeutic proteins which activate T cells (13) and
thereby contribute to the risk assessment for immunogenicity
incidence.

The S228P mutation is non-self, however, the Epimatrix
algorithm did not predict binding of this residue to HLA-DR
alleles, in the context of the 8 flanking residues either
preceding or following the mutation. Several marketed IgG4
mAbs such as nivolumab, pembrolizumab, and inotuzumab
ozogamicin have this mutation (14,15) and also have rela-
tively low immunogenicity incidences 11.2%, 2.1%, 3% (16–
18). In sum, the mAb ABC-123 had no substantial sequence-
based regions of concern that are expected to influence
immunogenicity incidence.

The sequence-based risk provides insight into the
immunogenic potential of the molecule and when coupled
with the lower immunogenicity observed in the clinical
experience of other IgG4 mAbs containing the S228P
mutation, it suggests minimal incidence risk. However, the
impact that an immune response can have on exposure and
efficacy is a separate risk that is currently difficult to estimate.
The clinical relevance of an immune response will be
evaluated as the program progresses, by assessing the impact
of ADA on PK, PD, efficacy, and safety.

Product Quality Attributes Based Risk

ABC-123 was manufactured using a Good Manufactur-
ing Practices (GMP) CHO-based cell line. For clinical studies,
ABC-123 was manufactured according to FDA CMC and
GMP manufacturing guidelines and met all the requirements
for critical product quality attributes as outlined in the
International Council for Harmonization of Technical Re-
quirements for Pharmaceuticals for Human Use (ICH) Q6B
specification document (19). All product structural variants
and process related impurities were within specifications and
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in line with previously administered mAbs manufactured by
the sponsor. No formulation-based immunogenicity risks are
anticipated for ABC-123. Beyond factors previously pub-
lished, there are no novel critical quality attributes likely to
affect immunogenicity incidence.

Mechanism of Action-Based Risk

B and T cell interactions are important for immune
system regulation. The pharmacological target of ABC-123, is
expressed on APCs (Fig. 1), which may lead to an increased
risk of immunogenicity due to the fact that APCs uptake
foreign proteins and present them as antigens. However, since
the ABC-123 is an antagonist, it should decrease the
immune response by blocking the signal generated by
interactions with T cells, as long as it is present at levels
above a therapeutic threshold. The immune suppression
mechanism of action is likely to favor a low immunoge-
nicity incidence.

Population Based Risk

While ABC-123 is expected to have minimal immuno-
genicity in healthy subjects, the likelihood of an immune
response may be higher in an autoimmune population such as
RA due to heightened immune activity. As ABC-123 reaches
therapeutic levels for a sustained period of time and down,
regulates the immune system in the multiple dose trial in
patients with RA, a reduction in immunogenicity may be
observed compared to initial treatment.

Conditions of Use Based Risk

ABC-123 is predicted to have a half-life of ~14 days in
humans. The planned dosing paradigm for the first in human
study 01 will be a rising single dose in healthy subjects with
intravenous (IV) doses of 0.1, 0.3, 1, 3, and 10 mg/kg and SC
doses of 1 and 3 mg/kg. PK and ADA will be monitored for
4 months. Sampling for ADA will occur at baseline and post
dose on Days 14, 28, 56, 84, and 112. PK samples will be
collected at all ADA sampling time points. A simulation of
the ABC-123 concentration following a 10 mg/kg single IV
dose is shown in Fig. 2a.

Following study 01, will be a study 02 in RA patients
with SC dosing every 2 weeks for 3 months with doses of
25 mg, 100 mg, 200 mg (dosing levels may change based on
safety outcomes from study 01). In this study ADA sample
collection will occur at baseline, and pre-dose on days 14, 28,
56, and 84 with a sample taken at 3 months (Day 168)
following the last dose. PK samples will be collected at all
ADA sampling time points. Sampling at 3 months following
the last dose is to ensure that the ADA samples are collected
at low levels of ABC-123. A simulation of the ABC-123
concentration following repeated doses of 200 mg SC is
shown in Fig. 2b. It is possible that the repeated dosing may
leads to increased incidence of ADA compared to that
following a single dose; however, multiple dosing is a
necessity for chronic diseases such as RA. The dosing and
sampling paradigm for ABC-123 is representative of other
clinical programs in RA and is not expected to have a
meaningful effect on immunogenicity incidence. Interestingly,

it has also been shown that intermittent dosing can lead to
higher incidences of immunogenicity (20–22).

The standard of care for RA includes treatment with
immune suppressants such as methotrexate. Studies in RA
patients with several anti-TNF antibodies such as infliximab,
adalimumab, and golimumab have shown that the metho-
trexate reduced immunogenicity incidence (23–26). Hence
the observed immunogenicity in this target population which
is likely to be co-dosed with an immunosuppressant, may in
fact, be lower than what would be observed without the
comedication.

Immunogenicity Strategy

Overall, the anticipated immunogenicity risk, both prev-
alence (frequency at baseline) and incidence, is considered
low for ABC-123. As such, clinical sampling will reflect a low
immunogenicity risk situation and dose escalation will
proceed without the need to review immunogenicity results
following the previous dose of ABC-123. Since immunoge-
nicity risk is low, initial clinical studies will be carried out in
healthy volunteers before transitioning to the RA population.
Immunogenicity incidence will be compared across dose
levels and between routes of administration (IV and SC).
The effect of ADA on PK, PD, efficacy, and safety will be
assessed.

Timing of NAb Assay Development and Justification

In early phase studies, PD markers (receptor occupancy
of the drug target) will be used to monitor for the presence of
neutralizing antibodies (NAb). In subjects who are positive
for NAb, the receptor occupancy is expected to decrease, as
compared to that in negative subjects. If the receptor
occupancy assay proves to be sensitive and robust, data will
be presented at the End of Phase 2 meeting to propose using
it in place of a NAb assay (9). If the receptor occupancy assay
is not considered sensitive enough, a competitive ligand
binding-based NAb assay will be proposed to support Phase
3 studies, in accordance with industry guidelines for antago-
nistic biotherapeutics (27) at the End of Phase 2 discussions
with health authorities.

Immunogenicity Assays

Serum samples will be evaluated for the presence of
ADA through use of bridging immunoassays. Immunogenic-
ity assays will be validated in accordance with FDA and
EMA guidance and industry standards. The first tier of the
immunogenicity testing is a screening assay to detect ADA to
ABC-123. Samples testing positive in the screening assay will
be subsequently tested in a confirmatory assay (second tier),
by competition with excess ABC-123, to demonstrate that the
ADA response is specific for the therapeutic protein product.
Samples that are confirmed positive will be diluted further to
obtain a value in titer units that is defined as log10 (dilution
factor). The screening and confirmatory assays will target
false positive rates of 5% and 1%, respectively (9). The
targeted drug tolerance level of the screening assay will be
such that 100 ng/mL of ADA positive control (9) can be
detected in presence of at least 50 μg/mL of ABC-123, which
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is above the expected range of steady state trough drug
concentrations for a 200 mg repeated SC dose, Fig. 2b.
Previous assessments have shown that there is no soluble
form of the target receptor detectable in circulation in
humans and as such, interference of soluble drug target in
the immunogenicity assay is not expected.

ADA Assay

Description

Validated ADA assays will be developed and run in
alignment with the FDA (2019) and EMA (mAb) guidance
for immunogenicity with respect to assay performance
characteristics, including sensitivity, specificity, and drug
tolerance at relevant clinical levels (9,10).

Briefly, ADA against ABC-123 will be detected by a
bridging ELISA or electrochemiluminescence assay, as the
bridging format is expected to yield a sufficient level of tolerance
to drug. An affinity-purified anti-idiotypic polyclonal rabbit
antibody directed against the complementarity determining
regions of ABC-123 will serve as positive control reagent. A
bridging assay typically involves the labeling of the drug by two
different molecular tags, one being typically a biotin, which is
used for capture, and another used for detection; however, other
detection schemes are also commonly used. When an ADA
response bridges both drug moieties, the assay is able to detect a
complex. Several different ADA screening assay formats are
described in the literature (28–32).

For confirmatory assays, samples will be pre-incubated
overnight with excess drug, prior to incubation in assay
diluent containing both biotinylated and reporter conjugated

Fig. 1. Mechanism of Action of ABC-123
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ABC-123. All subsequent steps will be similar to the
screening assay procedure described above.

Screening and the confirmatory cut-points will be deter-
mined during validation by analyzing 50 individual drugs
naive serum samples (in the absence and the presence of
spiked ABC-123). The screening and the confirmatory cut-
points will be determined nonparametrically according to
Devanarayan et al, 2017 and Shankar et al., 2008 (33,34) or
other appropriate statistical models, based on the data.

As the disease indication of RA can have interference
from rheumatoid factor, additional assay design and perfor-
mance considerations will be evaluated, such as the use of
rheumatoid factor blocking reagents (5). ADA assay cut-
points will be determined for the healthy population and will
be updated for the RA population, as interference from
disease characteristics is possible.

Timing of ADA Assay Result Turnaround Times

As ABC-123 represents a low immunogenicity risk, dose
escalation will proceed without analysis of immunogenicity
results. Immunogenicity data will be analyzed at an interim
time and at the end of the study for all Phase 1 studies.

NAb Assay

In early development (Phase 1 and Phase 2), a receptor
occupancy assay will be used to monitor for potential effects
of NAb development, although the receptor occupancy assay
may not be appropriate for a Phase 3 setting. Other
biomarkers related to clinical efficacy will be studied during
early clinical development. If a robust efficacy biomarker is
identified, the need for a NAb assay may be minimal. A
plate-based competitive ligand binding NAb assay will be
developed as a back-up. Due to the antagonistic nature of
ABC-123, and its low immunogenicity risk, a cell-based NAb
assay will not be developed. The NAb assay validation will
follow the recommendations in the regulatory guidance and
will include the determination of a cut-point (1% false
positive rate), sensitivity, selectivity, and drug tolerance. This
assay will be developed prior to Phase 3 and the NAb
strategy will be discussed with health authorities at the end of
Phase 2 meetings.

Immunogenicity Results

Preclinical Results

A 3 months toxicology study was conducted in cynomol-
gus monkeys. ABC-123 has similar affinity to its target
receptors in both humans and cynomolgus monkeys, making
monkey a relevant species for toxicology assessment. In the
3 months dosing period, 9 of 36 (25%) monkeys developed
ADA and no ADA related safety events were observed. As
ABC-123 is a fully human mAb, immunogenicity was
expected in monkeys but is not predictive of clinical
immunogenicity (35).

Clinical Results

No clinical data are available.

Conclusions of Risk Assessment for ABC-123

In summary, ABC-123 is a fully human mAb with no
substantial sequence-based regions of concern that is ex-
pected to influence immunogenicity incidence. There are no
Critical Quality Attributes that have been identified with
ABC-123 that might result in an increased risk of immuno-
genicity. The immune suppression mechanism of action is
likely to favor a low incidence, although the likelihood of an
immune response may be higher in an autoimmune popula-
tion such as RA due to heightened immune activity. As
standard of care for some RA patients may also involve
treatment with immunosuppressants, it is difficult to estimate
the immunogenicity incidence in this target population. The
dosing and sampling paradigm for ABC-123 is representative
of other clinical programs in RA and is not expected to have
a meaningful effect on immunogenicity incidence. Thus, the
overall risk of immunogenicity for ABC-123 is low.

DISCUSSION

General Recommendations for mAbs

Limited Structural Modifications

Initial clinical studies with human/mouse chimeric mAbs
such as infliximab and rituximab showed a moderate to high
clinical immunogenicity incidence (20–51% in psoriasis and
11% in RA, respectively), suggesting that the more human-
like the sequence, the lower the immunogenicity (36,37).
Most humanized and fully human mAbs have a lower
incidence of ADA than do chimeric mAbs (38), although
having a fully human amino acid sequence does not ensure a
lack of immunogenicity (4,7). Individual amino acid changes
such as S228P to reduce Fab exchange in IgG4 for nivolumab,
pembrolizumab, and inotuzumab ozogamicin showed rela-
tively low incidences of ADA 11.2%, 2.1%, 3% (16–18).
Likewise, amino acid substitutions to increase the half-life of
mAbs (motavizumab-YTE, MEDI8897, VRC01LS) have also
not have not led to high immunogenicity incidences, 25%,
13.7%, and 0%, respectively (39–41). It is worth noting that
the ADA data for these three molecules with half-life
extension modifications were reported based on data from
Phase 1 trials, hence the number of subjects was not large. An
additional example is eculizumab which was engineered as a
hybrid Fc IgG2/4 to reduce effector function and complement
activation (42), which showed an immunogenicity incidence
of 2% (43). ABC-123 is a fully human mAb with no
substantial sequence-based regions of concern that are
expected to influence immunogenicity incidence.

Quality Attributes

Unlike small molecule therapeutics, biologics present
some unique challenges and features. Host cells are geneti-
cally manipulated to produce the therapeutic of interest.
When these products are recombinant antibodies, they
typically require purification from other cell culture compo-
nents, prior to formulation. Therefore, immunogenicity,
which is an unwanted immune response to the therapeutic,
may result from product related variants (44), or from raw
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materials or process related impurities which co-purify with
the therapeutic drug molecule of interest (45,46).

It is important to identify critical quality attributes that
may impact immunogenicity, early during the development
process and establish Quality by Design procedures to
proactively address and establish manufacturing controls
(47). ICH guidance documents Q8–11 address these points
(48). Process-related impurities may have a serious impact on
immunogenicity, particularly for repeated dose studies. Of
particular interest are raw materials, product variants, host
cell proteins, host cell DNA, and possible leached materials
from the purification process. Establishing specifications for
the measured levels of each factor that might impact
immunogenicity is imperative, as part of the process controls
during manufacture. In the case of ABC-123, there are no
identified novel product quality attributes that are likely to
affect immunogenicity incidence.

Mechanisms of Action

In the example of ABC-123, the mechanism of action is
to reduce immune system function in RA patients. The
immunogenicity observed in marketed products used to treat
chronic inflammatory diseases has been reviewed; for human-
ized or fully human mAbs (with the exception of
adalimumab), the immunogenicity incidences have been less
than 15% (3).

Several reviews have summarized the incidence of
immunogenicity in oncology products (49–51). Some of the
mAbs used in oncology employ an immune stimulatory
mechanism of action; hence the incidence of immunogenicity
could theoretically be higher than for a mAb with a non-
immune stimulatory mechanism. Monoclonal antibodies
targeting check point inhibitors such as CTLA-4 or PD-1/
PDL1 have been developed to induce anti-tumor immune
responses in cancer patients. Thus far, the marketed immune
check point inhibitor mAbs (anti CTLA-4: ipilimumab; anti-
PD-1: nivolumab, pembrolizumab, cemiplimab; and anti-
PDL-1: avelumab, durvalumab) showed relatively low immu-
nogenicity incidences (0–12.7%) (50). The exception in this
therapeutic area is atezolizumab which reported an incidence
of 39.1% across multiple clinical studies (50). Atezolizumab is
an IgG1, anti-PD-L1 inhibitor that has an engineered Fc
domain (N298A) to prevent binding to Fcγ receptors (52).
Some immune stimulatory mAbs in oncology have tested in
combination, such as nivolumab and ipilimumab. The inci-
dence of ADA to nivolumab as monotherapy was 11.2% and
in combination therapy with ipilimumab was 26.0% to 37.8%
(16), suggesting that the multiple immune stimulation mech-
anisms may increase ADA incidence, although more data are
needed to know if this finding can be generalized.

Another mechanism of action used in the oncology
therapeutic area is that of B cell depleting mAbs, such as
rituximab, obinutuzumab or veltuzumab. The expectation
would be that pharmacologically blocking the humoral
response would reduce the overall ADA incidence to this
class of drug. Multiple studies of therapeutics with this
mechanism of action have been reviewed by van Brummelen
et al, 2016, and they note that despite the mechanism of B cell
depletion, ADA formation has been detected in some
instances (49).

In addition to immunosuppressive and immune-stimulating
mechanisms of action, there are also mAbs which have mecha-
nisms of action that are not designed to affect the immune system.
Examples of non-immune related mechanisms of action in
approved drugs include anti-infectives such as palivizumab,
bezlotoxumab, and ibalizumab with incidences of < 2, 0 and <
1%, respectively (53–56).Another set of examples includesmAbs
that target PCSK9. In thismechanism of action (blocking PCSK9)
a wide range of ADA incidence was observed for evolocumab,
alirocumab, and bococizumab; 0.3, 4.8 and 48%, respectively (57–
59). Presumably factors other than mechanism of action gave rise
to the higher incidence for bococizumab, as the other two mAbs
with the same mechanism showed substantially lower incidence.

Observations which Could Lead to a Re-evaluation
of the Risk Strategy

Although the risk associated with a mAb to induce an
immunogenicity response is generally classified as low, the
immune repertoire of individuals within any disease indica-
tion will be highly relevant in determining the actual
immunogenicity developed to a therapeutic molecule. While
the ADA incidences can vary greatly due to specific assay
conditions and are not directly comparable between mole-
cules, if a high incidence rate is observed during a clinical
study, it may prompt a more detailed exploration of
immunogenicity assessment. Specifically, if ADA titers are
high or increasing during a multiple dose study or are
persistent in nature, these would prompt a re-evaluation of
the immunogenic potential of the drug molecule.

The clinical impact of an ADA response may provide a
compelling re-assessment of the immunogenicity risk. Specifi-
cally, if there is impact on drug exposure or the PD response, this
may trigger more frequent sampling to determine the duration
of the ADA response or further characterization of the ADA
response to determine neutralization activity. The proportion of
subjects who develop a loss in exposure as correlated to ADA
positive status would add granularity to the course of action to
be taken. While it is theoretically possible to change dose levels
or dosing frequency, there may not be a large amount of
flexibility, depending on the stage of the program, as efficacy,
safety, and patient convenience must also be considered.
Therapeutic drug monitoring is sometimes used for approved
TNF inhibitor drugs that are on the market, to modify the dose
when a subject loses response due to ADA. Although, a caveat
to this approach is that theADAandPK assaymethods used for
therapeutic monitoring are generally different from those used
by the sponsor in clinical trials (60).

Infusion/injection site reactions or hypersensitivity reac-
tions are common with antibody therapeutics. If these safety
events are accompanied with pre-existing immunity to the
therapeutic, there may be a reason to pre-screen individuals
for titer to drug. If serious hypersensitivity adverse events,
such as anaphylaxis, are observed, it may warrant developing
an IgE assay to characterize the response (61). The observed
frequency of immunogenicity related safety events in early
trials and the potential risk/benefit of screening for pre-
existing immunogenicity would be discussed with health
authorities at an end of Phase 2 meeting. In the case of less
serious clinical safety events, that appear to be related to the
ADA response, it may more appropriate to determine
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whether the ADA response is persistent and follow patients
until such time as their titer drops below the level of detection
of the ADA assay, to see if the clinical adverse event persists
after the ADA response has resolved.

Clinically impactful responses that can be linked to ADA
development would provide the most compelling rationale for
re-evaluation of the immunogenicity risk assessment. If
adverse events are serious enough and correlated with
ADA positive subjects, a re-assessment of immunogenicity
risk would likely be triggered. In these situations, it may be
important to modify the risk assessment, to pursue a more
cautious course of action. The accompanying assay strategy
should be modified accordingly. Depending on the severity of
the safety signals observed, dosing may be halted, or the
program may be terminated altogether. In the specific context
of RA (which has several available treatment options), if
serious immunogenicity related safety events were to be
observed, this could cause termination of the program.

Future Perspectives

Although this document describes a rather simplified case
study for a therapeutic biomolecule, as the field of biologics
evolves, so will the risk assessment and mitigation strategies. As
mAbs are developed for new pharmacological targets, uncer-
tainties in the pharmacology of the target can also lead to
uncertainties in the risk assessment of immunogenicity, partic-
ularly in the immune-oncology therapeutic area.

In addition, for well characterized therapeutic proteins such
as mAbs, there is the possibility of using a sensitive PD assay
that reflects clinical activity, in lieu of a NAb assay (9). One
reason for assessing the NAb is to inform an immunogenicity-
related rationale for unexpected reductions in clinical efficacy. If
a therapeutic protein program has a sensitive PD assay with low
variability that is highly correlated with clinical efficacy, the PD
marker itself may be able to show the degree of NAb-related
reductions in efficacy in ADA positive subjects.

CONCLUSIONS

In response to recent guidance from FDA in 2019 and
EMA in 2017, a hypothetical case study of an immunogenicity
risk assessment for a mAb drug candidate (ABC-123) has been
prepared for illustrative purposes, as if it were to be submitted in
support of a first in human clinical study. Given that ABC-123 is
a mAb without sequence or quality issues that are likely to
impact ADA formation and that ABC-123 has an immunosup-
pressive mechanism of action, the risk of immunogenicity
incidence was considered low. Some caveats were presented
for situations or cases inwhich the risk for amAb could increase.
The process of outlining immunogenicity concerns for new drug
candidates may help to guide the development of the program
and the overall risk to the first in human subjects.
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