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ABSTRACT 
The determination of a tailored anti-drug antibody (ADA) testing strategy is based on the immunogenicity risk assessment 
to allow a correlation of ADAs with changes to pharmacokinetics, efficacy, and safety. The clinical impact of ADA forma-
tion refines the immunogenicity risk assessment and defines appropriate risk mitigation strategies. Health agencies request 
for high-risk biotherapeutics to extend ADA monitoring for patients that developed an ADA response to the drug until 
ADAs return to baseline levels. However, there is no common understanding in which cases an extension of ADA follow-
up sampling beyond the end of study (EOS) defined in the clinical study protocol is required. Here, the Immunogenicity 
Strategy Working Group of the European Immunogenicity Platform (EIP) provides recommendations on requirements for 
an extension of ADA follow-up sampling in clinical studies where there is a high risk of serious consequences from ADAs. 
The importance of ADA evaluation during a treatment-free period is recognized but the decision whether to extend ADA 
monitoring at a predefined EOS should be based on evaluation of ADA data in the context of corresponding clinical signals. 
If the clinical data set shows that safety consequences are minor, mitigated, or resolved, further ADA monitoring may not be 
required despite potentially detectable ADAs above baseline. Extended ADA monitoring should be centered on individual 
patient benefit.
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INTRODUCTION

The evaluation of anti-drug antibody (ADA) detection is a 
critical step during biotherapeutic drug development. An initial 
immunogenicity risk assessment (IRA) of the biotherapeutic 
drug determines the testing strategy for generating sufficient 
ADA data allowing correlation to changes in pharmacokinet-
ics, efficacy, and safety (1). The understanding of the clini-
cal impact of ADA formation refines the IRA and defines 
appropriate risk mitigation strategies. Importantly, the ADA 
sampling schedule should be designed based on the drug 
IRA. Figure 1 depicts a clinical study design and the arrows 
indicate ADA samples, which are typically collected to allow 
evaluation of induced or boosted ADA responses during the 
drug treatment period and during the subsequent treatment-
free period (TFP). The duration of the TFP for a high-risk 
biotherapeutic should be appropriately tailored to the drug 
pharmacokinetic features and its corresponding clinical sig-
nals but may span five half-lives to assess potential impact of 
still existing ADAs on safety. The TFP ends with the collection 
of a safety follow-up (SFU) ADA sample at the end of study 
(EOS). Data describing ADA levels detected during the clini-
cal trial, consisting of the treatment period and the TFP, can 
represent an essential part of the filing package that is used to 
grant marketing authorization. For biotherapeutics with high-
risk immunogenicity, there is a clear need to understand how 
the ADA response could affect the trial subject’s safety at EOS.

In their latest guidance, the FDA provides a framework 
for a suitable evaluation and mitigation strategy of the 

observed ADA responses during clinical study conduct (2, 
3). However, there is limited guidance on the requirement 
for extension of ADA follow-up (ADA-FU) sampling after 
the EOS (Fig. 1, in red, extended ADA monitoring period) 
and common understanding in which cases the extension 
is required is lacking. Especially the statement in the FDA 
guideline “when there is a high risk of serious consequences 
from ADAs, sponsors should plan to collect samples from 
subjects until ADAs return to baseline level” triggered dis-
cussions among the members of the European Immuno-
genicity Platform (EIP).

The EIP agrees with health authority guidance that 
ADA evaluation during a dedicated treatment-free period is 
important to assess the risk caused by immunogenicity and 
to address the safety consequences associated with ADAs. 
In cases of ADA-induced adverse events (AEs), strategies 
should be in place to identify, manage, mitigate, and resolve 
those events.

However, the EIP recommends that the decision whether 
to extend ADA monitoring at a predefined EOS should be 
based on evaluation of ADA data in the context of corre-
sponding safety profile while aiming to provide benefit to the 
patients. The decision needs to incorporate ADA response 
correlation with clinical information, including safety and 
available mitigation strategies. If the clinical data set shows 
that ADA-induced AEs are absent, resolved, or mitigated, 
further ADA monitoring is not required despite potential 
detectable ADAs. A set of defined criteria will help to align 
with the agency to decide to stop ADA monitoring when 
there is only little value of gaining more ADA data without 
strong evidence for safety concern. Consequently, patients 
are not asked to come over long periods to clinical sites 
for additional blood draws. Here, the EIP discusses clini-
cal relevance of the “back to baseline” ADA monitoring 

Fig. 1  General schematic ADA 
sample collection in clinical 
studies, consisting of ADA 
sampling during drug treatment 
period and treatment-free period 
until End of Study (EOS). In 
case of a high risk for serious 
consequences from ADAs, 
regulators expect to extend 
sampling for ADA positive 
subjects beyond EOS until 
ADA levels return to baseline 
(Extended ADA Monitoring 
Period). Arrows indicate ADA 
sample collection time-points. 
ADA = Anti-drug antibod-
ies; SFU = Safety Follow-Up; 
CSR = Clinical Study Report
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criterion and provides a simplified criteria-based decision 
tree as guidance for the requirement of an extended ADA 
monitoring period.

FROM IMMUNOGENICITY RISK CATEGORY 
TO ADA‑MEDIATED SAFETY MONITORING

A classical immunogenicity high-risk categorization, as 
defined in the FDA guideline, refers to ADA induction 
against biotherapeutic drugs bearing a risk of serious safety 
consequences. Biotherapeutics with a potential to induce 
immune responses with a limited impact on safety are cat-
egorized as low/mid immunogenicity risk (4, 5). As ADA-
related high-risk biotherapeutics are defined by their poten-
tial impact on patient safety, monitoring of immunogenicity 
induction received a lot of attention from regulators and the 
community of practice.

In recent years, concepts for the initial risk assessment 
have evolved to a more granular level of intrinsic and extrin-
sic factors of a biotherapeutic drug (6–8). Consequently, a 
detailed matrix-based risk categorization defines a more tai-
lored immunogenicity testing strategy, which may go beyond 
the standard three-tiered ADA testing approach for high-
risk biotherapeutics. This may consist of a PK/PD testing 
strategy that includes appropriate safety biomarkers along 
with thorough ADA sampling. Additional characterization 
of ADA responses may include use of a neutralizing anti-
body assay, a cross-reactivity assay to endogenous counter-
part, and/or domain characterization assays (9, 10). Such 
an advanced testing strategy early in clinical development 
(e.g., phase 1 at multiple ascending dosing (MAD) or phase 
2) allows for the generation of a wealth of immunogenic-
ity data which may correlate with ADA-mediated safety 
consequences and impact appropriate mitigation strategies 
(11). In addition to the standard safety assessment panel, the 
selection of biotherapeutic and study-relevant biomarkers 
that allow correlation between the biotherapeutic-specific 
biology and potential immune response development might 
be helpful. This includes monitoring the neutralization of 
the endogenous counterpart or PD analyses of the mode of 
action (MoA) or the new modality affected pathways. Often 
it is challenging to evaluate the exact correlation of ADA 
induction and safety events in the clinic. The right timing 
of ADA detection along with safety biomarker analyses is 
critical. However, temporal correlation of ADA response 
with onset or duration of clinical AEs and correlation of 
detected ADA titers with the severity of AEs can be impor-
tant indicators.

ADAs that can cross-react with an endogenous coun-
terpart, in the absence of a functional redundant pathway, 
represent an example of a safety-related impact from ADA 
induction (12–15). Such ADAs may lead to a clinical 

manifestation by neutralizing the function of the endog-
enous protein. In such cases, a close monitoring of ADA 
characteristics, e.g., titer and neutralization potential, and of 
safety biomarkers related to the biology of the endogenous 
protein are essential. Monitoring for ADAs during the TFP 
becomes particularly important because the assay’s ability 
to detect ADA cross-reacting with the endogenous coun-
terpart may increase in the absence of a drug. For those 
high-risk biotherapeutics, extended ADA monitoring may 
be required in such cases. On the other hand, there are cases 
where ADA does not affect the function of the endogenous 
protein (2, 16) or where supplementary data might deliver 
sufficient evidence for a redundant physiological role of the 
endogenous protein and thus, without high safety risk (e.g., 
by supplemented protein counterpart) to justify a termina-
tion of ADA monitoring at EOS (2, 16).

Infusion-related reactions (IRR) and anaphylaxis occur-
ring at the time of drug administration may or may not be 
linked to the presence of ADAs. In case of serious hypersen-
sitivity responses, further characterization is recommended 
to elucidate the underlying mechanism to further substanti-
ate whether there is a link with ADA development.

One potential underlying mechanism of ADA-mediated 
serious AEs is the formation of ADA-drug immune com-
plexes (17). Related clinical safety signals are dependent 
on the concentration of ADA-drug complexes, which may 
trigger effector function-based immune responses (18). Early 
identification and monitoring of those AEs during the drug 
treatment period is critical due to a possible increase of 
ADA-drug complex levels. Although these immune-stim-
ulating ADA-drug complexes mainly form in the presence 
of high drug and ADA concentrations (18), it would also be 
important to monitor ADAs during the TFP to see the effect 
of the changes in drug concentrations, with potential differ-
ent effects on the immune system (17, 18). Hypersensitiv-
ity responses secondary to immune complex formation that 
usually occur days after the drug is administered may justify 
advanced ADA monitoring. However, the drug treatment 
period is considered the most critical phase for generating 
data required to understand ADA-induced hypersensitivity 
reactions due to immune complex formation. In combination 
with a robust TFP design, enough data should be available 
at the EOS to consider the need for an extension of ADA 
monitoring.

Such hypersensitivity responses related to ADA complex 
formation and/or related to cross-reactivity of the ADA 
with an endogenous protein (in the absence of functional 
redundancy) associated with neutralization of its key physi-
ological function are two examples viewed as serious ADA-
induced safety events that may require extension of ADA 
monitoring. Monitoring for presence and nature of ADAs 
and clinical safety data during treatment and treatment-free 
period will provide data determining whether an extension 
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of the ADA analyses as part of SFU is needed. In some 
cases, regulatory authorities might request an extension of 
the ADA monitoring beyond the planned EOS, even when 
there is no evidence of critical clinical manifestations related 
to an impact of endogenous protein function. The EIP rec-
ommends discussing with the regulatory authorities early on 
as the situations vary case-by-case.

RECOMMENDATIONS TO DETERMINE 
CRITERIA FOR ADDITIONAL ADA‑FU 
SAMPLING

Understanding the potential correlation between ADA 
response and impact on safety, as well as the availability of 
appropriately tailored strategies to mitigate clinical mani-
festations, forms the basis for defining the criteria to decide 
whether an extension of an ADA-FU is required or not. It 
may be reasonable to extend the TFP in cases when insuffi-
cient clinical information is generated at the EOS. This may 
be the case when remaining high ADA titers are linked to 
acute safety signals, which were neither resolved nor could 
be mitigated. An extension of ADA monitoring along with 
relevant safety assessment is in such cases considered essen-
tial (Fig. 2). If the ADA titers are stable or decreasing in the 
absence of clinical safety signals and with a defined mitiga-
tion plan in place, a decision towards a termination of an 
extension of ADA monitoring is justified.

To avoid the risk that insufficient clinical information 
is generated at the EOS, the EIP recommends the fol-
lowing practical points to consider for drugs categorized 
as high immunogenicity risk. ADA sampling schedule 

described in Clinical Study protocol should be appropri-
ately designed to allow for evaluation of ADA response 
with clinical signals during the drug treatment period and 
the TFP. The sample collection schedule should allow for 
a potential extension of ADA sampling after the planned 
EOS, the so-called extended ADA monitoring period 
(Fig. 1), which can be added as an addendum to the Clini-
cal Study report for drugs categorized as high immuno-
genicity risk. In such a case, the company may plan for 
a two-stage sampling period. The first stage will cover 
the study period until the “EOS/SFU” (TP and TFP) and 
follow a conventional but robust study design regarding 
time points of ADA sample collection. This may consti-
tute a frequent sampling at multiple time points, including 
pre-dose, pre-administration time point (ideally Ctrough 
time point) during the treatment period and at certain 
time intervals during TFP (Interval sampling is recom-
mended in case of high risk of immunogenicity) until the 
SFU time point at the EOS (Fig. 1, blue line). The second 
stage will allow some trial subjects to enter the ADA-FU 
period based on predefined criteria as depicted in Fig. 2. 
This will generate an appropriate and adequate data set 
to refine the IRA, which drives the testing and mitigation 
strategy needed during subsequent clinical studies (Fig. 1, 
redline, extended ADA monitoring period). It is highly 
recommended to add to the sampling schedule a process 
that allows for an efficient collection of unscheduled sam-
ples, triggered by IRR and/or suspected immunologically 
related AEs. Other important considerations are (a) com-
bined collection of PK and ADA samples to check for 
potential drug interference in the ADA detection (except 
for the extension period after the SFU when drug levels are 

Fig. 2  The EIP provides a sim-
plified decision tree of general 
recommendations to guide deci-
sions around potential extension 
of ADA monitoring in case of 
high risk for serious conse-
quences. When at the End of 
Study (EOS), ADAs are either i) 
absent or ii) still detectable but 
ADA titers are decreasing, and 
safety concerns are either absent 
or resolved/mitigated then no 
extension of ADA monitoring 
is required. IG = Immunogenic-
ity; AEs = adverse events; 
EOS = End of Study
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very low or absent) and to be able to correlate presence of 
ADA with change in PK and (b) enabling the use of ADA 
samples for an advanced immunogenicity analysis includ-
ing ADA characterization (e.g., assess domain specificity, 
neutralizing activity characterization, ADA isotyping). An 
appropriate ADA sampling schedule allows evaluation of 
the potential association of the ADA response and clini-
cally observed safety events and therefore to understand 
the clinical relevance of immunogenicity response to 
safety signals. This understanding is the prerequisite for 
establishing a data-driven mitigation strategy to manage, 
control, or potentially resolve an ADA-mediated event. It 
is the sponsor’s responsibility to determine whether suf-
ficient immunogenicity relevant data are available at the 
EOS and whether an extension of ADA-FU sampling is 
required or an appropriate mitigation strategy has to be put 
in place during the ADA monitoring period.

There is an overall agreement in the EIP community that 
in cases where there is a high risk for serious clinical safety 
consequences related to the immune response induction, 
special ADA testing and mitigation plans should be included 
in the clinical protocol. These testing and mitigation plans 
may include, but should not be limited to the following:

Access to validated ADA detection from phase I clini-
cal evaluation onwards and ADA characterization assays 
from MAD or phase 2 onwards (ADA characterization at 
SAD is not recommended)
Tailored and advanced analytical testing strategy for ADA 
and for appropriate safety biomarkers to detect and inves-
tigate clinical AEs in a timely manner
Robust ADA sampling in drug treatment and treatment-
free period with 2-stage ADA sampling schedule manage-
ment, e.g., first stage robust sampling design until SFU at 
EOS and with a second stage adaptive sampling design to 
potentially enter a subsequent follow-up period
Specific language in the clinical protocol should be con-
sidered to allow for a fast adaptation, including changes 
in the sampling schedule and potential extension of ADA 
sampling and testing frequency, thereby avoiding time-
consuming amendments.
Based on ADA and safety risk assessment (safety bio-
marker), adequate management of any clinical manifesta-
tions, if these occur
Implementation of an adequate mitigation strategy

With these criteria considered, sponsors should be in 
a comfortable position to gain relevant clinical informa-
tion and to decide at the SFU whether the risks associated 
with ADA responses are sufficiently understood and con-
trolled or whether further ADA-FU sampling and analysis 
are needed. Similarly, a detailed and extended ADA testing 
strategy plan may be required for biotherapeutics that were 

initially categorized as low/mid immunogenicity risk but 
demonstrated ability to induce ADA-mediated serious AEs 
in the clinic (Fig. 2). In these scenarios, regulatory authori-
ties might request an extension of ADA monitoring. The EIP 
recommends contacting the regulatory authorities early on 
to discuss the specific cases.

PATIENT BENEFIT AND CLINICAL RELEVANCE 
OF “BACK TO BASELINE” CRITERION

As the patients’ health is paramount, prolongation of follow-
up ADA sampling, requiring additional clinical site visits 
and blood draws, should be thoroughly justified based on the 
need to gain critical clinical information. If, after the com-
pletion of clinical study, patients decide to seek other treat-
ment options, ongoing requirements for extended ADA mon-
itoring will add an unnecessary burden and reduce patient 
compliance. For that reason, extension of ADA monitoring 
without treatment options (e.g., exclusion to participate to 
a different clinical study with an investigation drug) might 
not be ethically justified. The decision whether to extend 
ADA monitoring should be always patient centered, includ-
ing whether the additional data will benefit study patients or 
future regulatory decisions of drug approval.

The FDA recommends, “continued testing until ADAs 
reach baseline” as the decision criterion for ending the ADA-
FU sampling. The EIP questions whether it is always useful 
to follow the return of ADA signals to baseline level. In 
some cases, where the ADA response is strongly associated 
with AEs/IRR, the absence of ADA signal might become 
necessary and the “back to baseline” criterion may indeed 
serve as the correct clinical threshold. Here, the EIP recom-
mends monitoring ADAs during the TFP until the EOS to 
generate an ADA negative result as an important criterion 
to decide whether additional ADA-FU sampling becomes 
necessary. In the case of pre-treatment positive trial subjects, 
a titer equal to or below a predefined ADA titer baseline in 
the pre-treatment samples can be used. Criteria for defining 
if ADA baseline levels in pre-treatment positive trial sub-
jects are treatment boosted upon drug administration have 
been previously described (19, 20) and could be similarly 
applied. A robust mitigation plan should also be in place to 
manage safety signals.

For other cases, ADA evaluations during clinical studies 
have revealed that long-term, persistent ADA responses are 
a common observation and ADA titers might remain con-
stant over several months or even years. ADA responses may 
not return to baseline during the extended ADA monitor-
ing period but either (i) fluctuate around the assay cut-point 
(“borderline positive levels”), or (ii) plateau over time above 
the cut-point. In these cases, patients are asked to come back 
over long periods, often without benefit and evidence of 
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safety concern. The ADA response and its magnitude should 
not be considered an isolated criterion but in the context 
of the corresponding clinical observations. Therefore, the 
ADA titer should not be the only criterion to prolong ADA 
monitoring. Sustained or decreasing ADA titers (e.g., two 
dilution factors change in titer decrease (19)) observed in 
the treatment-free period, in the absence of clinical safety 
concerns, reduce the potential risk that serious safety conse-
quences may be encountered or induced later in time in the 
absence of additional drug administration. When a robust 
clinical data set is showing that safety consequences are 
minor, mitigated, or resolved, a decision of not following 
up with extended ADA sampling is justified, even where 
detectable ADA levels are above the baseline. Thus, bio-
therapeutics initially categorized as high immunogenicity 
risk may be reclassified to a data-driven mid or low-risk cat-
egory. Although this is in line with health authority life cycle 
management approach of the IRA based on reassessment 
upon availability of new clinical data, the EIP recommends 
a close consultation with the regulatory authorities to align 
on adaptive strategies for further clinical studies.

A data-driven link to clinical signals is even more of an 
advantage as the absence of ADA responses does not neces-
sarily de-risk for a future drug re-administration. Potential 
immunologic memory can be activated by repeated drug 
administration or by switching to another drug, even when 
ADAs have returned to baseline levels beforehand. For that 
reason, a preventative or mitigation strategy should be in 
place if any retreatment is considered. Furthermore, patients, 
in which a previous ADA response to a high-risk therapeu-
tic protein has been observed, may potentially experience a 
boost in response during periods of severe illness or severe 
tissue injury in which inflammation is prominent. Although 
considered rare occasions, in these cases an additional evalu-
ation of ADA might be needed to adjust the IRA accordingly 
(only possible if patients are still enrolled in the study) and 
to link ADA data to clinical safety signal. Here, a consulta-
tion with the health authorities is recommended.

CONCLUSION

ADA monitoring should be focused on the understanding 
of the potential correlation between ADA response and the 
impact on clinical safety and available mitigation strategies. 
ADA response and its level should not be considered in iso-
lation or clinical manifestation per se and require evalua-
tion in the context with the corresponding clinical signals. 
If the clinical data set shows that safety consequences are 
minor, mitigated, or resolved, further ADA monitoring is not 
required. Extended ADA monitoring should be centered on 
individual patient benefit.

Acknowledgements Bengt Hoepken (UCB Pharma).

Declarations 

Disclaimer The views and conclusions presented in this manuscript 
are those of the Immunogenicity Strategy Working Group of the Euro-
pean Immunogenicity Platform (EIP) and do not necessarily reflect 
the representative affiliation or individual company’s position of the 
authors on the subject.

Funding No external funding was received for this work.

Contribution statements 
• Conception of manuscript: EIP working group (all authors)
• Manuscript design and writing: GPL, BG, MU, AK, VS
• Manuscript reviewing and editing: all authors
• All authors read and agreed to the final version of the manuscript.

Conflict of interest G. P. L. is an  employee of Roche Diagnostics 
GmbH, there is no conflict of interest
K.B. is an employee of Sanofi-Aventis Deutschland GmbH, there is 
no conflict of interest
K. Bloem is an employee of Sanquin Diagnostic Services, there is no 
conflict of interest
H.B. is an employee of Genmab, there is no conflict of interest
C.C. is an employee of Novartis Pharma AG, there is no conflict of 
interest
S.E. is an employee of Amgen Research (Munich) GmbH, there is no 
conflict of interest
E.F. was an employee of Roche, there is no conflict of interest
J. G. is an employee of AstraZeneca, there is no conflict of interest
B.G. is an employee of Sana Biotechnology, there is no conflict of 
interest
J.G-G. is an employee of Bayer AG, there is no conflict of interest
M.J. is a consultant and owner of SciPot Consultancy and has no con-
flict of interest.
VJ is an employee of Bristol Myers Squibb, there is no conflict of 
interest
D.K. is an employee of Sanofi Aventis Deutschland GmbH, there is 
no conflict of interest
Linlin is an employee of Merck & Co. Inc, there is no conflict of in-
terest
M.M. was an employee of Merck Healthcare KGaA, there is no conflict 
of interest
L.M. was a consultant for Integrated Biologix GmbH and has no con-
flict of interest.
M.S. is an employee of Roche Diagnostics GmbH, there is no conflict 
of interest
S.S. is a consultant and co-owner of Integrated Biologix GmbH and 
has no conflict of interest
M.U. is an employee of Fresenius-Kabi, there is no conflict of interest.
K. N. W. is an employee of Novo Nordisk A/S, there is no conflict of 
interest
A.K. is an independent consultant and faculty member of the University 
of Kiel, Germany. No conflict of interest.
V.S. is an employee of UCB Biopharma SRL, there is no conflict of 
interest

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 

Page 6 of 768



The AAPS Journal (2022) 24: 68

1 3

otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Chirmule N, Jawa V, Meibohm B. Immunogenicity to thera-
peutic proteins: impact on PK/PD and efficacy. AAPS J. 
2012;14:296–302.

 2. U.S. Department of Health and Human Services Food and Drug 
Administration (FDA). Guidance for industry immunogenicity 
assessment for therapeutic protein products, 2014.

 3. U.S. Department of Health and Human Services Food and Drug 
Administration (FDA). Immunogenicity testing of therapeutic 
protein products - developing and validating assays for anti-drug 
antibody detection. Guidance for Industry; January 2019 (Section 
VII, subsection A: obtaining subject samples).

 4. Shankar G, Pendley C, Stein KE. A risk-based bioanalytical strat-
egy for the assessment of antibody immune responses against bio-
logical drugs. Nat Biotechnol. 2007;25(5):555–61.

 5. Koren E, Smith HW, Shores E, Shankar G, Finco-Kent D, Rup B, 
et al. Recommendations on risk-based strategies for detection and 
characterization of antibodies against biotechnology products, J 
Immunol Methods. 2008 20;333(1–2):1–9.

 6. Yin L, Chen X, Vicini P, Rup B, Hickling TP. Therapeutic 
outcomes, assessments, risk factors and mitigation efforts of 
immunogenicity of therapeutic protein products. Cell Immunol. 
2015;295(2):118–26.

 7. Tourdot S, Hickling TP. Nonclinical immunogenicity risk assess-
ment of therapeutic proteins. Bioanalysis. 2019;11(17):1631–43.

 8. Ducret, et al. Assay format diversity in pre-clinical immunogenic-
ity risk assessment: towards a possible harmonization of anti-
genicity assays. MAbs. 2022;14(1):1993522.

 9. Wu B, Chung S, Jiang XR, McNally J, Pedras-Vasconcelos J, Pil-
lutla R, White JT, et al. Strategies to determine assay format for 
the assessment of neutralizing antibody responses to biotherapeu-
tics. AAPS J. 2016;18(6):1335–50.

 10. Gorovits B, Wakshull E, Pillutla R, Xu Y, Manning MS, Goyal 
J. Recommendations for the characterization of immunogenicity 
response to multiple domain biotherapeutics. J Immunol Methods. 
2014;408:1–12.

 11. Salazar-Fontana LI, Desai DD, Khan TA, Pillutla RC, Prior S, 
Ramakrishnan R, Schneider J, Joseph A. Approaches to mitigate 
the unwanted immunogenicity of therapeutic proteins during drug 
development. AAPS J. 2017;19(2):377–85.

 12. Schellekens H, Casadevall N. Immunogenicity of recombinant 
human proteins: causes and consequences, J Neurol. 2004;251 
Suppl 2:II 4–9

 13. Li J, Yang C, Xia Y, Bertino A, Glaspy J, Roberts M, et al. Throm-
bocytopenia caused by the development of antibodies to throm-
bopoietin. Blood. 2001;98:3241–8.

 14. Casadevall N, Nataf J, Viron B, Kolta A, Kiladjian JJ, Martin-
Dupont P, et al. Pure red-cell aplasia and anti-erythropoietin anti-
bodies in patients treated with recombinant erythropoietin. N Engl 
J Med. 2002;346:469–75.

 15. Rossert J, Casadevall N, Eckardt KU. Anti-erythropoietin antibod-
ies and pure red cell aplasia. J Am Soc Nephrol. 2004;15:398–406.

 16. Kuriakose A, Chirmule N, Nair P. Immunogenicity of biothera-
peutics: causes and association with posttranslational modifica-
tions. J Immunol Res. 2016;2016:1298473.

 17. Krishna M, Nadler SG. Immunogenicity to biotherapeutics - the 
role of anti-drug immune complexes. Front Immunol. 2016;7:21.

 18. van Schie KA, et al. Restricted immune activation and internalisa-
tion of anti-idiotype complexes between drug and antidrug anti-
bodies. Ann Rheum Dis. 2018;77:1471–9.

 19. Shankar G, Arkin S, Cocea L, Devanarayan V, Kirshner S, Krom-
minga A, et al. Assessment and reporting of the clinical immuno-
genicity of therapeutic proteins and peptides-harmonized termi-
nology and tactical recommendations. AAPS J. 2014;16:658–73.

 20. Rup B, Pallardy M, Sikkema D, Albert T, Allez M, Broet P, et 
al. ABIRISK Consortium; Standardizing terms, definitions and 
concepts for describing and interpreting unwanted immunogenic-
ity of biopharmaceuticals: recommendations of the Innovative 
Medicines Initiative ABIRISK consortium. Clin Exp Immunol. 
2015;181(3):385–400.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Page 7 of 7 68


	When to Extend Monitoring of Anti-drug Antibodies for High-risk Biotherapeutics in Clinical Trials: an Opinion from the European Immunogenicity Platform
	ABSTRACT
	INTRODUCTION
	FROM IMMUNOGENICITY RISK CATEGORY TO ADA-MEDIATED SAFETY MONITORING
	RECOMMENDATIONS TO DETERMINE CRITERIA FOR ADDITIONAL ADA-FU SAMPLING
	PATIENT BENEFIT AND CLINICAL RELEVANCE OF “BACK TO BASELINE” CRITERION
	CONCLUSION
	Acknowledgements 
	References




