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Summary

We examined the assay formats used to detect anti-drug antibodies (ADA) in

clinical studies of the anti-tumour necrosis factor (TNF) monoclonal

antibodies adalimumab and infliximab in chronic inflammatory disease and

their potential impact on pharmacokinetic and clinical outcomes. Using

findings of a recent systematic literature review of the immunogenicity of 11

biological/biosimilar agents, we conducted an ancillary qualitative review of a

subset of randomized controlled trials and observational studies of the

monoclonal antibodies against anti-TNF factor adalimumab and infliximab.

Among studies of adalimumab and infliximab, the immunoassay

method used to detect antibodies was reported in 91 of 111 (82%) and 154

of 206 (75%) adalimumab and infliximab studies, respectively. In most

adalimumab and infliximab studies, an enzyme-linked immunosorbent assay

or radioimmunoassay was used [85 of 91 (93%) and 134 of 154 (87%),

respectively]. ADA incidence varied widely among assays and inflammatory

diseases (adalimumab, 0–87%; infliximab, 0–79%). Pharmacokinetic and

clinical outcomes were only reported for ADA-positive patients in 38 of 91

(42%) and 61 of 154 (40%) adalimumab and infliximab studies, respectively.

Regardless of assay format or biological used, ADA formation was associated

with lower serum concentrations, reduced efficacy and elevated rates of

infusion-related reactions. Consistent with previous recommendations to

improve interpretation of immunogenicity data for biologicals, greater

consistency in reporting of assay methods and clinical consequences of ADA

formation may prove useful. Additional standardization in immunogenicity

testing and reporting, application of modern, robust assays that satisfy

current regulatory expectations and implementation of international

standards for marketed products may help to improve our understanding of

the impact of immunogenicity to biologics.

Keywords: adalimumab, anti-drug antibody, anti-tumour necrosis factor

monoclonal antibody, immunoassay, infliximab

Introduction

Up-regulation of the proinflammatory cytokine tumour

necrosis factor (TNF)-a is a common pathogenic mecha-

nism in a wide array of chronic immune-mediated inflam-

matory diseases [1]. In clinical trials conducted over nearly

two decades, biological agents that block inflammatory

responses activated by TNF-a have been shown to be

clinically effective in treating such diseases. However, a sub-

stantial proportion of patients do not achieve a response to

anti-TNF therapy, fail to maintain their response after initial

improvement and/or develop therapy-limiting adverse

events. In patients with chronic inflammatory diseases who

receive anti-TNF agents, anti-drug antibodies (ADA) have

been associated with loss of response, because of inadequate

therapeutic levels caused by increased clearance and/or neu-

tralization of the agent’s biological activity and hypersensi-

tivity reactions [2–5]. Given the possible adverse clinical

sequelae of treatment-induced ADA formation, evaluation
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of ADA and associated outcomes is a critical aspect of

patient care in those who receive biological therapy and is

required for biological approval by regulatory bodies [6].

Historically, reported ADA prevalence has been inconsis-

tent among studies due, in part, to the various assay formats

used to monitor immunogenicity in clinical trials of biologi-

cals in chronic inflammatory diseases [7,8]. Each of the

available formats has limitations that can reduce its utility in

clinical and research settings and complicate interpretation

of findings [9]. Some assays have a poor dynamic range and

may generate false-negative results because of interfering

interaction with active drug or false-positive results due to

other antibodies, such as rheumatoid factor. Although the

various immunoassay platforms have been used successfully

to detect and quantify ADA in discrete study populations,

few studies have directly assessed findings based on the dif-

ferent methods. Important recommendations for immuno-

assay validation and alignment of terms, definitions and

concepts involving biological immunogenicity have been

published in the past decade [6,10], but the continuing lack

of a unified approach to ADA testing throughout trials

prohibits a meaningful comparison of the immunogenicity

in studies of the same biological or different biologicals. In

the present review, we examined the assay formats used in

assessing ADA in patients with chronic inflammatory disease

treated with the anti-TNF monoclonal antibodies adalimu-

mab and infliximab, as well as the pharmacokinetic and

clinical outcomes reported, to characterize the impact of

ADA assessment in clinical studies.

Methods

A systematic literature review (SLR) was conducted previ-

ously to evaluate the available data on the immunogenicity

of 10 biological agents and one approved biosimilar agent

in studies of autoimmune diseases [11]. The search strategy

and other methodological aspects of the original SLR, con-

ducted and reported in accordance with Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines [12], are presented in detail else-

where [11] and are summarized briefly below. Using

findings of the original SLR, we conducted an ancillary

qualitative review focused on immunogenicity assay meth-

ods and potential pharmacokinetic and clinical corollaries

in a subset of studies of adalimumab and infliximab. For

the purposes of this review, the numbers of adalimumab

and infliximab studies using each of the different assay

types were totalled, the assay timing and cut-points

extracted when available and associated outcomes eval-

uated; no specific assay formats were selected a priori.

Data sources and search terms

In the original SLR [11] the search terms for treatments,

including ‘adalimumab’ and ‘infliximab’, were used in

combination with terms related to study design and disease

states, i.e. rheumatoid arthritis (RA), psoriatic arthritis

(PsA), juvenile idiopathic arthritis (JIA), axial spondy-

loarthritis (axSpA), ankylosing spondylitis (AS), non-

radiographic axSpA (nr-axSpA), psoriasis (Ps),

inflammatory bowel disease (IBD), Crohn’s disease (CD)

and ulcerative colitis (UC). For the purposes of the present

review, because the majority of published studies contain-

ing immunogenicity data have been conducted in patients

receiving the anti-TNF monoclonal antibodies adalimumab

and infliximab, only studies of these biologicals were

included for analysis.

Relevant randomized clinical trials (RCTs) and longitu-

dinal observational studies were identified in the literature

published in English to November 2016 based on electronic

searches of the following databases: MEDLINE
VR

, MED-

LINE in Process & Other Non-Indexed Citations, Embase
VR

,

Cochrane Central Register of Controlled Trials and the

Cochrane Database of Systematic Reviews. Proceedings

from major rheumatology, dermatology, gastroenterology

and immunology conferences and review papers, editorial

reference lists and previously conducted SLRs were

searched manually.

Study selection and data extraction

Publication titles and abstracts were screened initially for

eligibility by a single reviewer, followed by a quality check

of 10% of the screened studies selected randomly by a sec-

ond validating reviewer. Complete texts of eligible publica-

tions were examined in a second screening round, with

20% of excluded publications inspected by the validating

reviewer. Information extracted from the selected studies

included publication details/study characteristics, baseline

demographics, disease characteristics and after-treatment

outcomes (i.e. pharmacokinetics, efficacy and safety).

Results

Literature search/screening

Of 1148 total eligible studies included in the original SLR

[11], 111 and 206 were identified as adalimumab and

infliximab studies, respectively (Fig. 1). Among these, 91

(82%) and 154 (75%) adalimumab and infliximab studies

provided a description of the immunogenicity assay

method used and were included in this ancillary qualitative

review. For adalimumab, a total of nine and 82 RCTs and

observational studies, respectively, were included; for

infliximab, these totals were 20 and 134.

Immunogenicity assays used, test timing and
thresholds for ADA-positive screening

Among the adalimumab and infliximab studies included in

this review, the following different testing methods were
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used to assess immunogenicity: enzyme-linked immuno-

sorbent assays (ELISA), radioimmunoassays (RIA), electro-

chemiluminescent (ECL) immunoassays, homogeneous

mobility shift assays (HMSA)/high-performance liquid

chromatography (HPLC) and immunological multi-

parameter chip technology (IMPACT) (Supporting infor-

mation, Table S1). In the majority of studies, an ELISA or

RIA was used to detect ADA [85 of 91 (93%) and 134 of

154 (87%), respectively; Fig. 2]. The specific time-points

for serum collection and the assessment of ADA presence

at these time-points were reported in 20 of 91 (22%) adali-

mumab studies and 27 of 154 (18%) infliximab studies.

ADA testing was usually conducted immediately before

administration of the adalimumab or infliximab dose, at

trough serum levels, to minimize drug interference.

Reported time-points ranged from 0 to 156 weeks in the

adalimumab studies and from 0 to 66 weeks in infliximab

studies that provided assay method and time-point data

(Supporting information, Table S2). In the majority of

studies, testing was conducted at study baseline and at mul-

tiple time-points thereafter. In combined adalimumab and

infliximab studies in which the timing of immunogenicity

testing was reported among disease states, nearly

two-thirds of all testing time-points reported were from

baseline to 24 weeks [51 of 82 (62%); Fig. 3]. The predeter-

mined thresholds, or cut-points, used to screen for ADA-

positive samples were also not stated in all studies.
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Fig. 2. Summary of immunogenicity assay types used in

adalimumab and infliximab studies. Multiple assay methods were

used in two adalimumab studies and one infliximab study.
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Fig. 1. Flow of publications/studies in the original systematic literature review (SLR) [11] and present ancillary qualitative analysis.
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Although standardized cut-points have been used

increasingly in recent studies, overall the cut-points were

inconsistent between studies (Table 1).

Frequency of ADA immune responses

The proportions of ADA-positive patients varied widely in

adalimumab and infliximab studies among inflammatory

diseases and assay methods and over years (Table 1, Fig. 4;

Supporting information, Table S3). The widest ranges of

ADA detection rates were observed in studies in which

ELISA formats (adalimumab, 0–87%; infliximab, 5–79%)

or RIA (0–62%, 0–71%) were used, whereas narrower

ranges were seen in studies in which newer platforms were

employed (e.g. HMSA, 4–27% and 11–59%, respectively).

However, ELISA or RIA formats were used in a broader

range of disease populations and in many more studies

than HMSA; these factors, as well as other possible con-

founders, such as differences in study design, patient char-

acteristics, and concomitant immunosuppressive therapies,

may account for the greater variability in ADA rates

observed with these older platforms.

Inconsistency in the frequency of immune response was

also observed when assessing individual inflammatory

disease states and categories of inflammatory disease

among most assays used (Supporting information, Table

S3). In adalimumab studies, the highest ADA incidences

were reported in an RA study using a sandwich ELISA

(87%) [13] and an AS study using RIA (62%) [14]. In

infliximab studies, the highest immunogenicity rates were

observed in AS studies using RIA (71%) [14] and CD or

UC studies using ELISA (79%) [15]. As shown in Fig. 4,

variable immunogenicity rates are also evident among

years in adalimumab and infliximab studies, regardless

of inflammatory disease or assay type. Overall, higher

immunogenicity rates have been reported in recent years.

Impact of ADA immune response

Pharmacokinetic and/or clinical outcomes (efficacy and/or

safety) in ADA-positive patients were reported in 42 and

40% of adalimumab and infliximab studies, respectively.

In 15 of 38 (39%) adalimumab studies [16–30] and 18 of

62 (29%) infliximab studies [19,24,27,28,31–44], ADA-

positive patients had lower serum concentrations of the

biological than ADA-negative patients. The association

between biological serum concentrations and ADA forma-

tion was evident in inflammatory disease states and

Table 1. Summary of the incidence of ADA detection in adalimumab- and infliximab-treated patients across chronic inflammatory diseases and

assay cut-points by immunogenicity assay method

Adalimumab studies Infliximab studies

Immunogenicity assay

ADA-positive patients,

% (no. of studies)

Assay cut-points for

ADA-positive status

ADA-positive patients,

% (no. of studies)

Assay cut-points for

ADA-positive status*

ELISA

15,21,24,27,28,34,35,41,45,

48,50,52,54,55,58,63,64,66,

67,69,74,77,78,80–151

0–40�0 (38) 0�1–35�0 AU/ml;

0�02–4�9 lg/ml;

0�5–20 ng/ml; OD, 0�2–1�0

4�8–79�0 (80) 2–37 AU/ml; 10 ng/ml; 1�7–3�0
lg/ml; OD of 0�27–1�2; OD,

0�25 and 23 pretreatment

levels; 23 levels of negative

controls; mean 6 2 s.d. lev-

els in normal human serum

Bridging ELISA

16,18,37,38,40,51,59,68,70,

71,75,79,152–181

0–54�2 (18) � 1–10 AU/ml; 0�5–20 ng/

ml; OD, 0�02; mean 6 6 s.d.

8�8–60�8 (26) 2–50 AU/ml; 5–10 ng/ml;

0�07–� 1�7 lg/ml; OD, 0�25

and 23 pretreatment levels;

23 pretreatment levels

Sandwich ELISA [13,169,171] 87 (1) OD, 0�02 12�5–17�0 (2) 5–8 ng/ml

Acid dissociation ELISA

[26,47,182,183]

9�9–35�0 (4) 1�12 lg/ml; 10 ng/ml;

OD, 0�14

25�6 (1) OD, 0�12

RIA

2,4,14,17,19,22,23,28,30,46,

53,57,60,62,180,184–205

0–61�5 (22) 10–48 AU/ml; 0�02 lg/ml;

or 23 level in ADA–

samples

0–71�4 (22) 4�7–12 AU/ml;> 3% of BL

value; or 23 level in ADA–

samples

ECL [32,42,206–208] – – 22�5–49�7 (4) NR

HMSA

[25,39,43,44,180,209–226]

4�3–27�0 (6) 1�0–50�0 AU/ml; 0�33 lg/ml 11�1–59�0 (13) 3�1–8�0 AU/ml; 3�1 lg/ml;

3 nM

HPLC [227,228] – – 13�6–24�0 (2) NR

IMPACT [36] – – 54�1 (1) 23 pretreatment level

*Cut-points were not reported consistently across all studies; values are provided as available.

ADA 5 anti-drug antibody; AU 5 arbitrary units; BL 5 baseline; ECL 5 electrochemiluminescent; HMSA 5 homogeneous mobility shift

assay; HPLC 5 high performance liquid chromatography; IMPACT 5 immunological multi-parameter chip technology; NR 5 not reported;

OD 5 optical density; s.d. 5 standard deviation.
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immunoassay formats. Differences in serum concentrations

between ADA-positive and -negative patients were found

to be statistically significant in nine of 38 (24%) adalimu-

mab studies [18,20–22,24,25,27,28,30] and 12 of 62 (19%)

infliximab studies [24,27,28,35–39,41–44]. For example, in

an observational cohort study of 115 patients with AS who

received adalimumab, after 24 weeks of treatment serum

levels of the biological were significantly higher in ADA-

negative patients than in ADA-positive patients [12�7 mg/l

(interquartile range 5 8�2–18�0) versus 1�2 mg/l (0�0–2�0);

P< 0�001] [22]. Similarly, in a prospective cohort study

conducted in 327 patients with Crohn’s disease, mean

[standard deviation (s.d.)] trough infliximab levels were

7�4 (11�9) lg/ml and 1�6 (3�6) lg/ml at week 8 in patients

who were ADA-negative and ADA-positive, respectively

[39]. In addition, at this time-point a significantly higher

proportion of ADA-negative patients had therapeutic

infliximab trough levels (defined as � 3 lg/ml) compared

with ADA-positive patients (76 versus 14%; P< 0�001).

In many of the included studies in which the type of

immunoassay was identified and pharmacokinetic or clini-

cal outcomes evaluated, the presence of ADA was associated

with decreased efficacy [20 of 38 (53%) adalimumab stud-

ies and 26 of 62 (42%) infliximab studies; Tables 2 and 3].

In adalimumab studies conducted in patients with RA

using several different assay formats, ADA-positive patients

had significantly less improvement in clinical symptoms

with treatment [45,46], were significantly more likely to
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have poor response or treatment failure [18,47,48] and

were significantly less likely to achieve clinical remission or

low disease activity [17,49] compared with ADA-negative

patients. Similar results were observed in infliximab studies

in RA regardless of immunoassay type [4,32,36,45,50–53].

Although the relationship between immunogenicity and

efficacy was evaluated in a greater number of RA studies

than studies of other conditions, diminished efficacy was

also seen in ADA-positive patients who received adalimu-

mab in JIA [21], AS [54], Ps [23,55–59] and CD [60], and

infliximab in PsA [61], AS [62], Ps [63], CD [64] and UC

[65,66].

Immunogenicity was also associated with biological

safety and tolerability, independent of the immunoassay

format used to detect ADA, although fewer studies

reported on this relationship [two of 38 (5%) adalimumab

studies and 19 of 62 (31%) infliximab studies] than on bio-

logical efficacy. In an adalimumab study conducted in

patients with RA, AS or PsA, adverse events were more

common in patients with ADA than in those without ADA

[67]. In a Ps study, infections, hepatic-related adverse

events and injection-site reactions were reported more fre-

quently in adalimumab-treated patients with ADA than in

those without ADA [55]. In infliximab studies, increased

rates of infusion-related reactions with infliximab were

observed in ADA-positive versus -negative patients

throughout inflammatory disease states, including RA

[32,34,36,68,69], JIA [70,71], AS [62,72,73], Ps [74], CD

[64,75–77] and UC [43,78–80].

Discussion

Based on our review of 111 adalimumab and 206 inflixi-

mab studies, a substantial proportion of patients who

receive the anti-TNF monoclonal antibodies adalimumab

and infliximab to treat chronic inflammatory disease

develop ADA. In a number of these studies, the presence of

ADA has been shown to correlate with altered drug clear-

ance and reduced serum levels, contribute to loss of

response and increase the risk of hypersensitivity reactions

in some patients. Therefore, clinicians, patients, researchers

and regulators share a particular interest in the immunoge-

nicity profile of these biological agents.

Surprisingly, in the clinical studies of adalimumab and

infliximab included in this review, the specific assay format

used to test immunogenicity was not reported in approxi-

mately one-quarter to one-fifth of studies. In studies in

which assay format is specified, variations in the formats,

including type of assay and cut-points used, hamper inter-

pretation of study findings and cross-study comparisons.

We found that immunogenicity rates varied widely among

inflammatory disease states and immunoassay formats and

over years. Nonetheless, our findings support a high preva-

lence of ADA in adalimumab- and infliximab-treated

patients, even if they do not answer important questionsT
ab
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about which patients are at risk of developing ADA and

losing response to their biological therapy.

To this point, fewer than half the studies included in this

review of adalimumab and infliximab reported findings,

either positive or negative, related to the pharmacokinetics,

efficacy or safety of treatment in patients who did or did not

develop an immune response. We hesitate to draw pointed

conclusions about the impact of ADA on clinical outcomes

because of the aforementioned lack of assay standardization

as well as other differences in methodology, therapeutic

response measures and patient characteristics. However, in

the studies that presented such findings, independent of

immunoassay format, investigators consistently reported

decreased serum adalimumab and infliximab concentrations

in patients with ADA, reduced efficacy and increased rates of

infusion-related reactions in ADA-positive patients.

Based on our review of the literature, we determined

that individual studies generally provide ‘high-level’ data

on immunogenicity, often with very little detail. On close

inspection, multiple confounding factors were uncovered,

including the lack of standard terms, standard assays and

standardized interpretation (including cut-points).

Although some progress has been apparent in recent years,

inspired in large part by recommendations for precise

immunogenicity-related definitions of terms and concepts

and assay method validation proposed by expert working

groups in this field [6,10], a lack of standardization and

consistency in assay methodology and reporting may

hinder this area of research. Several actions may prove to

be useful in improving the reliability and interpretation of

immunogenicity data for biological agents, including adop-

tion of modern assays that may be more robust with less

drug interference, more consistent reporting of the immu-

nogenicity assay methods used and analysis of the potential

clinical consequences of ADA formation in published bio-

logical studies. Standardization in immunogenicity testing

and reporting, as suggested nearly a decade ago by Shankar

et al. [6], as well as disease activity measures, may help to

advance our understanding of the impact of immunogenic-

ity to biologicals in patients with chronic immune-

mediated inflammatory diseases.
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