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ABSTRACT

Objectives

To evaluate the incidence of anti-drug antibody fDbccurrences and ADA-related risk

factors under adalimumab and infliximab treatmarhieumatoid arthritis (RA) patients.

Methods

The study combined retrospective cohorts from tBeRASK project totaling 366 RA patients
treated with adalimumab (n= 240) or infliximab (1”26}, 92.4% of them anti-TNF naive
(n=328/355) and 96.6% of them co-treated with miegxate (n=341/353) with up to 18
months follow-up. ADA positivity was measured byzgmelinked immunosorbent assay.
The cumulative incidence of ADA was estimated, gadential bio-clinical factors were

investigated using a Cox regression model on iatezensored data.

Results

ADAs were detected within 18 months in 19.2% (n=d6}he adalimumab-treated patients
and 29.4% (n=37) of the infliximab-treated patient®ie cumulative incidence of ADA

increased over time. In the adalimumab and infladingroups respectively the incidence was
15.4% (5.2—20.2) and 0% (0-5.9) at 3 months, 17(6%4-26.4) and 0% (0-25.9) at 6
months, 17.7% (12.6-37.5) and 34.1% (11.4-46.3)2amonths, 50.0% (25.9-87.5) and
37.5% (25.9-77.4) at 15 months and 50.0% (25.9)&n8 66.7% (37.7—-100) at 18 months.
Factors associated with a higher risk of ADA depetent were: longer disease duration (1-3
vs. <1 year ; adalimumab: HR 3.0, 95% CI 1.0-8imfliximab: HR 2.7, 95% CIl 1.1-6.8),

moderate disease activity (DAS28 3.2-5.1 vs. <&dalimumab: HR 6.6, 95% CI 1.3-33.7)

and lifetime smoking (infliximab: HR 2.7, 95% CI2%6.3).



Conclusions

The current study focusing on patients co-treatétl wmethotrexate for more than 95% of
them found a late occurrence of ADAs not previoudigerved, whereby the risk continued to
increase over 18 months. Disease duration, DAS28 lgatime smoking are clinical

predictors of ADA development.
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1. INTRODUCTION

Biopharmaceuticals are an important class of dhgyapies commonly used in clinical
practice. Nine biopharmaceuticals are now licerfsedhe treatment of rheumatoid arthritis
(RA) in the EU, including infliximab since 1999 anddalimumab since 2003.
Biopharmaceuticals are usually used as a secoadri@atment after failure of conventional
synthetic disease-modifying anti-rheumatic drugdbg,[1]. In spite of this progress, primary
or secondary failure in the response to biopharotézds is frequent,[2-3]. One of the main
potential causes of failure is the development wii-drug antibodies (ADA),[4-5]. This
unwanted immune response could induce biopharmaakutneutralization and
hypersensitivity reactions that are IgE or non-lgEdiated,[6]. ADA production is the final
stage of a complex immune process from antigeneptaton to activation of both adaptive
and regulatory cellular immune responses,[7]. Irtgraly, primary nonresponse to anti-tumor
necrosis factor (TNF) therapy could be relatedise@se mechanisms that are relatively TNF-
independent, whilst secondary nonresponse coulexp&ined by ADA formation,[8]. The
measurement of ADAs could assist in predicting Wipatient could benefit from switching
to a second TNF blocker rather than switching tifferent mechanism of action,[8], and the
prevention of ADA formation could increase the pdriduring which the patient benefits
from treatment. The identification, prediction ametvention of anti-drug immunization are

thus major goals in biopharmaceutical developmeht,[

ADA development has a multifactorial aetiology thas not yet been fully elucidated. Many
factors (patient-, disease- or drug-related) cbote to the immunogenicity of

biopharmaceuticals,[10]. Some of these bio-clinfeators such as the length and the dose of



the treatment or the route of exposure are eastipraable, while others, such as genetic
factors, are risk factors for ADA production thatutd help to stratify patients. Only a few
risk factors for the formation of ADAs, such asKaaf concomitant use of methotrexate or
not being naive to TNF treatment, have already e#emtified,[11-12]. Therefore identifying

additional risk factors for ADA development (andosaquent lack of treatment efficacy or

hypersensitivity reactions) could be of great iegtito the clinician,[13].

The frequency of ADA development varies acrossisgidepending on the treatment and to
the type of assay used. Methods to detect ADAsaaneumerous as are the interpretations of
the results, for instance the definition of a pwsitthreshold or cut-off,[14]. A previous
prospective observational cohort found ADAs agasalimumab in 28% of the patients
after 3 years of treatment,[4]. The reported retéADA occurrence against infliximab in

clinical studies ranges from 10 to 50%,[15].

The objective of the current study was to evaluhéincidence of ADA occurrences under
adalimumab and infliximab treatment, to identifytipat-related, disease-related and drug-
related factors associated with the occurrence DA%y and finally to analyse the factors

potentially influencing drug serum levels and tesponse to treatment.



2. PATIENTS AND METHODS

2.1 Patients

Demographic and clinical data from RA patients frérhistorical cohorts from 3 European
countries were anonymized, standardized and uptbaoo the ABIRISK (Anti-
Biopharmaceutical Immunization: prediction and gs@l of clinical relevance to minimize
the RISK) database (tranSMART software). The ABIRIBanSMART database has been
described in more detail elsewhere,[16]. The pdpmna eligible for inclusion in adalimumab
and infliximab retrospective longitudinal analysesre selected on the basis of the following
criteria: (i) at least 1 dose of adalimumab orixifhab, (ii) at least 1 serum sample in the
time-slot 0-18 months following the first biopharceatical treatment date, (iii) age over 18 at

date of first biopharmaceutical dose.

The dataset analysed included biopharmaceuticaletleRA patients from France, Sweden
and the Netherlands (Amsterdam and Leiden). Thert®hvere heterogeneous in terms of
numbers of patients and monitoring schemes (Suppieary Figure 1). In France, the data
came from the ESPOIR cohort (Etude et Suivi deydPtirites Indifférenciées Récentes)
which is a prospective study on patients with eartiritis from 15 centers followed for more
than 10 years,[17]. These patients had 1 or 2 sssmpillected at random time points in the
period up to 18 months after the start of therdpysweden, the patients were participants in
the Epidemiological Investigation of Rheumatoid hAitis (EIRA) cohort with clinical
follow-up data by the Swedish Rheumatology Registet those who had available blood
samples within the given follow-up period were uu#d,[18]. These patients had 1 sample
collected at random time in the period up to 18 therafter the start of therapy. The cohort

data from EIRA database, Swedish Rheumatology Reg@nd RA Biobank were retrieved,



integrated and queried using the methods desciib§®-20]. In Amsterdam, the data was
collected from a cohort of consecutive patientsated with adalimumab,[21] and
infliximab,[22]. The adalimumab group had 1 to 3gdes collected and the infliximab group
had 1 to 6 samples collected at time points fixgdhle studies. In Leiden, the data originated
from 2 clinical trials: IMPROVED (Induction therapwith MTX and Prednisone in
Rheumatoid Or Very Early arthritic Disease) and B@ghandel Strategieén),[23-24]. From
IMPROVED, we selected patients treated with methaite plus adalimumab who had 1
sample collected at a fixed visit at 4 months,[Z3om BeSt, we selected patients treated

with infliximab and who had samples collected oafter 12 months of follow-up,[24].

Ethical approval and subject consent for using éhsamples for research on RA were

obtained in each country by the cohort investigator

2.2 Biological sample testing

Biologic drug (adalimumab or infliximab) and antud antibody serum levels in treated
patients were measured using the Lisa-Tracker® &uzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s instructi@eradiag®, Marne-la-Vallée, France).
This assay enables the simultaneous detectiontbfdrag and ADA, in a micro-well plate
format in which half of the plate is coated with A, to measure drug concentration, and the
other half is coated with the drug (adalimumab mdtiximab), for the detection of the
corresponding ADAs. A calibration range enabledafticoncentrations to be determined for
biopharmaceuticals at 0.3 pg/mL and for ADA at L. All these assays were performed
in a single site, an ABIRISK reference laboratd@jirfical Immunology Laboratory, Kremlin
Bicétre Hospital, AP-HP, France). Patients werengef as positive for ADAs if titres were

above 10 ng/mL on at least 1 occasion. The origitadly protocols were specific to each



cohort, therefore patients could have 1 or sevetgits and stored serum samples
(Supplementary Figure 1). Time lapses between ¢hnens collections at each visit and the
previous drug injection were not clearly known. fidiere drug serum levels were not

considered as trough concentrations.

2.3 ADA outcome

The primary outcome event of interest was the getwe of a positive follow-up sample in
the ADA assay. The time-to-event for positive ADAsvcalculated from the date of the first
treatment to the time of the first positive sampidast follow-up (drop-out, drug switch or
censoring at 18 months). The available informatisas obtained from the monitoring
schemes. Thus for this study, the only availabferimation on the time-to-occurrence for
positive ADA was whether or not it exceeded sonvemgitime points. This particular kind of
data is known as interval-censored data and resjgpecific methods that differ widely from
those used for classic right-censored data,[25-26terval-censored data are often
encountered in longitudinal studies where the ewémterest is not directly observed but is
only known to lie within the interval of two prefseduled visits. Moreover, in this study there
was an unexpected increase in the level of conylelxie to the fact that we had to deal with
very different monitoring schemes. In practice,dome cohorts there was a fixed monitoring
time point (e.g. Leiden) whereas for others theeeearandom monitoring time points. In this
latter case, single (Sweden) or multiple time iffrance, ESPOIR or Amsterdam) were
possible. This heterogeneity in the sampling patierimportant to take into account since it
can lead to some informative censoring problems ¢iam induce false associations. The
censoring is called informative when it providesformation regarding the survival

distribution and the factors under study,[27]. Thuasorder to cope with this complex data,

10



we used interval-censored methods and analysedtsdmaving a similar sampling scheme.
This led us to exclude the Leiden cohort, IMPROVE®, adalimumab and the Amsterdam

cohort for infliximab when investigating prognostactors for ADA.

2.4 Response to treatment

We also investigated the clinical response to tneat, which was assessed according to the
European League Against Rheumatism (EULAR) respengeria,[28] based on the disease
activity score in 28 joints (DAS28),[29], calculdtebetween the date of each sample
collection and just before the date of the firsighiarmaceutical dose. EULAR response was
therefore calculated at the same time as samplectohs and considered as a binary

outcome, a non-response versus a moderate/gocaheeEsp

2.5 Statistical analysis

We present the results of separate analyses fdimasiaab and infliximab. The baseline
characteristics of the patients were compared tvggoups using Fisher’s exact tests (for
small samples). For quantitative variables, Krudkallis tests were used (no normality
assumption). The Kruskal-Wallis test was used tonmare drug serum levels between
positive and negative ADA patients. When significaxact p-values were calculated using
Dunn’s nonparametric test. To measure the corogidietween ADA serum levels and drug
serum levels, Kendall's rank correlation coefficievas used. The cumulative incidence of
ADA over the study was calculated as the complenzénthe survival functions under
interval censoring. The non-parametric maximum liil@d estimation (NPLME) of the
survival function § was obtained using Turnbull's algorithm,[30]. T®&% confidence

intervals (95% CIs) were calculated with a modifteabtstrap method. In order to describe
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ADA development over time, ADA survival distributiocurves were plotted using the
cumulative hazard estimation obtained previously.cbmpare the survival curves we used
logrank tests adapted for interval-censored dataves reported the p-values. The test is an
extension of the usual logrank test from right-ceed data, as developed by Sun,[31]. In the
multivariable analyses, we considered the Cox pitapwl hazards model via a multiple
imputation strategy for unobserved survival times pgoposed by Pan,[32]. Briefly, the
interval-censored data are considered as missirpteirmes and are imputed by the
asymptotic normal data augmentation scheme basdieocurrent estimates of the observed
data. Then a Cox proportional hazards model isiegpb the augmented data to update the
estimates. Hazard ratios (HRs) and their 95% Cleweported. The multivariable model was
adjusted for cohort as a covariate and includedthadl variables explored in univariable
analyses: age (18-50 years old vs. >50), sex,Taf-naivety (yes/no, for adalimumab group
only), lifetime smoking status (yes/no), diseasetion before start of the biopharmaceutical
treatment (<1 year, 1-3 years, >3 years), posttitar rheumatoid factor (RF) and anti-
citrullinated protein antibody (ACPA) (yes/no), bise DAS28 (<3.2, 3.2-5.1, >5.1),
concomitant use of methotrexate (yes/no, for adatwab group only), concomitant non-
steroid anti-inflammatory drugs (NSAIDs) and cassiteroids (yes/no). Patients with missing
data for at least one explanatory variable werdueledl. A linear mixed-effects model was
fitted to evaluate the association between drugursefevels and ADA status. The
multivariable model included variables that may pmgential confounders. Some patients
could have been tested several times, therefor@pdom effect parameter was estimated in
order to consider the dependency of repeated messfirCox proportional hazards model
was used to assess the benefit of the treatmentnfioderate or good versus non-response

according to the EULAR criteria) as a function b&tADA status and drug serum levels.
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Some patients could have had several visits angag assumed that the model identified

dependent observations.

For all tests, statistical significance was consgdeo be a p-value under 0.05. All analyses
were carried out using R software (version 3.0r®) eelated packages “survival”, “interval”

and “MIICD”,33-36].

3. RESULTS

A total of 366 RA patients fulfilled the inclusiaeriteria. Of these, 240 were treated with
adalimumab and 126 with infliximab. The flowchanbsvn in Figure 1 gives the details of the
selection process. Patients’ characteristics aglioesare shown in Tables 1 and 2. Among
adalimumab-treated patients there were signifidéférences between cohorts regarding age,
percentages of previous anti-TNF treatment, follgey-disease duration, ACPA positivity,
DAS28 score and concomitant use of methotrexateAINS$ and corticosteroids. Among
infliximab-treated patients there were significdifferences between cohorts regarding age,
lifetime smoking status, follow-up, disease dumatibCPA positivity, DAS28 score and the
concomitant use of corticosteroids. Over a maxinfottow-up of 18 months, ADA were
detected in 46 adalimumab-treated patients (19.2%g 37 infliximab-treated patients
(29.4%). The median time to ADA occurrence wasmdnths (interquartile range IQR 3.7—
11.3) in adalimumab-treated patients and 13 mo(iBR 11.9-15.0) in infliximab-treated
patients. There were 341 and 171 samples availespectively for adalimumab- and
infliximab-treated patients, (Supplementary Taldlemd 2). Positive ADA samples had lower
adalimumab and infliximab serum levels than negatADA samples, significant for

adalimumab at 0-6 months (p=0.002) and 6-12 mofk6.001) and for infliximab at 6-12
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months (p<0.001) and 12-18 months (p<0.001) atter dtart of therapy (Supplementary
Figure 2). There was a reverse correlation betw&Bi levels and drug serum levels,
significant for both adalimumab (correlation coent t=-0.20, p<0.001) and infliximab

(correlation coefficient=-0.51, p<0.001) (Supplementary Figure 2).

Table 1.Demographic and clinical characteristics at basdlinadalimuma-treated patients stratified by cot

Sweder France, the Netherlands the Netherlands ~ P-value®
EIRA ESPOIR Leiden, IMPROVED Amsterdam

Characteristics (n=18) (n =68) (n =620 (n=92)
Age, mean (SD), yee 49.7+1¢ 47.0£1: 52.2+1: 52.3+1: 0.0
Female (% 16 (88.9 51 (75.0 45 (72.6 68 (74.0 0.5¢
Lifetime smoking (%° 10 (55.6 34 (50.0 32 (51.6 49 (63.7 0.3t
Anti-TNF naivety (%] 18 (100) 62(91.2) 62 (100) 61 (75.3) <0.001
Follow-up, median 13.3(8.2-11.1) 5.9(3.3-7.0) 3.7 (3.6-4.1) 9.1 (8.7-9.3) <0.001
(IQR), months
Disease status
Disease duration, median 1.0 (1.0-2.0) 1.9 (1.1-4.0) 0.8 (0.5-1.1) 5.0 (25B2) <0.001
(IQR), year§
RF positivity (%° 12 (66.7 47 (69.1 33 (56.0 60 (66.0 0.4¢€
ACPA positivity (%° 14 (82.4 44 (64.7 32 (51.6 68 (74.7 0.01
DAS28, mean (S[° 51+1° 4.911.¢ 3.6x1.2 5.3t1.] <0.001
Concomitant anti-
rheumatic therapy
Methotrexate use (%) 15 (93.8) 59 (86.8) 62 (100) 81 (98.8) <0.001
NSAIDs use (%) 8 (44.4) 35 (51.5) 12 (19.4) 56 960. <0.001
Corticosteroids use (%) 8 (44.4) 31 (45.6) 0 (0.0) 26 (28.3) <0.001

®Data for categorical or quantitative variablesrissented as percentage, mean or median of
non-missing data

PCohort excluded from the univariable and multivhigeanalyses of anti-drug antibody risk
factors

‘P-values of comparison tests between cohorts

SD, standard deviation; IQR, interquartile rangatiANF, anti-tumor necrosis factor; RF,
rheumatoid factor; ACPA, anti-citrullinated proteintibody; DAS28, disease activity score
in 28 joints; NSAIDs, non-steroid anti-inflammatatyugs
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Table 2.Demographic and clinical characteristics at basdlinnfliximak-treate( patients stratified by cohc

Sweden France. the Netherlands the Netherlands  P-value®
Characteristics EIRA ESPOIR Leiden, BeSt Amsterdam
(n = 60) (n =11) (n= 43) (n =12)°

Age, mean (SD), yee 47.7+1 42.6x1¢ 55.5+1 56.7+1( 0.00¢
Female (% 43 (71.7 8 (72.7 26 (60.5 7 (58.3 0.5€
Lifetime smoking (% 41 (68.3 5 (45.5 16 (37.2 2 (16.7 <0.001
Anti-TNF naivety (%) 60(100) 10 (90.9) 43 (100) 12 (100) 0.09
Follow-up, median 13.6 (7.4-15.2) 8.1 (6.0-10.0) 12.0(11.7-12.3) 5.5 (5.4-5.5) <0.001
(IQR), months
Disease status
Disease duration, 1.0 (1.0-2.0) 2.1(1.54.2) 0.4 (0.4-1.1) 7.1 (3633) <0.001
median (IQR), yeafs
RF positivity (%) 40 (66.7) 7 (63.7) 26 (60.5) (@) 0.78
ACPA positivity (% 40 (66.7 9 (81.8 26 (60.5 12 (100 0.0
DAS28, mean (SL 5.1+1.¢ 4.5+1.2 6.0+0.¢ 5.4+1.( <0.001
Concomitant anti-
rheumatic therapy
Methotrexate use (%o) 59 (100) 10 (90.9) 43 (100) 12 (100) 0.09
NSAIDs use (%) 38 (63.3) 4 (36.4) 24 (55.8) 7 (58.3 0.41
Corticosteroids use (%) 23 (38.3) 7 (63.6) 0 (0.0) 2 (16.7) <0.001

®Data for categorical or quantitative variablesrissented as percentage or median of non-

missing data

PCohort excluded from the univariable and multivhigeanalyses of anti-drug antibody risk

factors

‘P-values of comparison tests between cohorts

SD, standard deviation; IQR, interquartile rangatiANF, anti-tumor necrosis factor; RF,
rheumatoid factor; ACPA, anti-citrullinated proteintibody; DAS28, disease activity score
in 28 joints; NSAIDs, non-steroid anti-inflammatatyugs

3.1 Incidence and risk factors for ADA development

The cumulative incidences of ADA in the adalimungioup and in the infliximab group
were respectively 15.4% (95% CI 5.2-20.2) and 0B49CI 0-5.9) at 3 months, 17.6%
(95% CI 11.4-26.4) and 0% (95% CI 0-25.9) at 6 menl7.7% (95% CI 12.6-37.5) and
34.1% (95% CI 11.4-46.3) at 12 months, 50.0% (9592%29-87.5) and 37.5% (95% CI
25.9-77.4) at 15 months and 50.0% (25.9-87.5) &6 (37.7—100) at 18 months (Figure 2

A-B).
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In the univariable analyses of the adalimumab-¢@gtatients from Sweden, France and the
Netherlands (Amsterdam), patients with a diseasetidm over 1 year (p=0.04) and
concomitant use of corticosteroids (p=0.003) wetesignificantly higher risk for the
development of ADAs (Supplementary Figure 3). A tinaliable Cox regression model was
performed on 148 adalimumab-treated patients. €Balts are reported in Table 3. Patients
with longer disease duration (>1 year) had a higlsdr of ADA positivity as compared to
those with a short disease duration (<1 year), &itlignificant difference in the years 1-3
(HR, 3.0 95% CI 1.0-8.7). Patients with an inifAS28 over 3.2 had a higher risk than
those having low initial DAS28 (<3.2), with a sifjoant difference for moderate DAS28

between 3.2 and 5.1 (HR, 6.6 95% CI 1.3-33.7).
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Table 3.Baseline risk factors for a-adalimumab atibodies in 14 patient?

HR® 95% C°
Multivariable model”
Age 18-50 1.0 reference
50+ 2.C (0.9-4.4)
Se» Female 1.C referenc
Male 1.7 (0.6-5.2)
Lifetime smoking No 1.0 reference
Yes 11 (0.5-2.3)
Anti-TNF naivety No 1.0 reference
Yes 0.8 (0.2-3.5)
Disease duration 0-1 1.0 reference
1-3 3.0 (1.0-8.9)
3+ 2.4 (0.7 -8.2)
RF positvity No 1.C referenc
Yes 1.1 (0.4-2.7)
ACPA positivity No 1.C referenc
Yes 0.8 (0.3-2.3)
Baseline DAS28 Low (0-3.2) 1.0 reference
Moderate (3.2-5.1) 6.6 (1.3-337)
High (5.1+) 4.0 (0.9-18.5)
Methotrexate use No 1.0 reference
Yes 0.6 (0.2-1.9)
NSAIDs use No 1.0 reference
Yes 2.1 (0.c-4.¢)
Corticosteroids us No 1.C referenc
Yes 2.1 (0.9-3.9

®Patients from the Netherlands, Leiden, IMPROVEDarbhnd patients with missing data for
at least one risk factor were excluded

bAdjusted on cohorts (Sweden EIRA, France ESPOIRNé&therlands, Amsterdam)

‘Hazard ratio

9959 confidence interval

RF, rheumatoid factor; ACPA, anti-citrullinated pgim antibody; DAS28, disease activity
score in 28 joints; NSAIDs, non-steroid anti-inflaratory drugs

Bold text indicates a statistically significant had ratio

Among the infliximab-treated patients from SwedEmance and the Netherlands (Leiden),
there was no statistically significant variable casated with the development of ADA
(Supplementary Figure 3). In a multivariable Cogression model for infliximab-treated
patients (n=113) with the same variables as foratti@imumab analysis shown in Table 4

except anti-TNF naivety and concomitant use of te#xate, we found similar association
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of ADAs with disease duration between 1 and 3 y@dR, 2.7 95% CI 1.1-6.8) compared to
disease duration shorter than 1 year. Lifetime sngplvas associated with a higher risk of
ADA (HR, 2.7 95% CI 1.2-6.3). An increase in DAS®28s of borderline significance (HR,

1.3 95% CI 0.9-1.9).

Table 4.Baseline risk factors for a-infliximab antibodies in 113 patier®

HR® 95% C°©
Multivariable model”
Age 18-50 1.C referenc
50+ 0.t (0.2-1.1)
Se» Female 1.C referenc
Male 2.1 (0.9-5.1)
Lifetime smoking No 1.0 reference
Yes 2.7 (1.2-6.3)
Disease duration 0-1 1.0 reference
1-3 2.7 (1.1-6.8)
3+ 0.4 (0.0-3.6)
RF positivity No 1.0 reference
Yes 1.2 (0.4-3.3)
ACPA positivity No 1.C referenc
Yes 1.1 (0.4-2.9)
Baselire DAS2¢ Per unit increas 1.2 (0.9-1.9)
NSAIDs use No 1.0 reference
Yes 0.9 (0.4-1.9)
Corticosteroids use No 1.0 reference
Yes 1.2 (0.3-4.3)

*Patients from the Netherlands, Amsterdam cohortpatiints with missing data for at least
one risk factor were excluded

Adjusted on cohorts (Sweden EIRA, France ESPOIRN#&therlands, Leiden BeSt)
‘DAS28 was considered as a continuous variable Isecafuack of cases in some categorical
gﬁoups

Hazard ratio
®95% confidence interval

RF, rheumatoid factor; ACPA, anti-citrullinated mgim antibody; DAS28, disease activity
score in 28 joints; NSAIDs, non-steroid anti-inflaratory drugs

Bold text indicates a statistically significant had ratio

18



3.2 Association of drug serum levels with ADA statsiand baseline factors

In a univariable analysis of ADA status on 341 skmpgrom 240 patients treated with
adalimumab, ADA positivity was significantly assai@d with a lower adalimumab drug
serum level {§ coefficient, -3.4, 95% CI -5.7 ; -1.2). The meamecentrations of adalimumab
were 6.7 pg/mL in ADA positive patients and 10.6mlg in ADA negative patients. After
adjusting for potential confounders in a multivateamodel performed on 287 samples from
206 patients due to missing data, this associagorained the sam@ €oefficient, -4.7, 95%

Cl-7.5; -1.8) (Supplementary Table 3).

A univariable analysis of 171 samples from 126qud8 treated with infliximab showed that
ADA positivity was significantly associated with@wer infliximab drug level [§ coefficient,

-16.1, 95% CI -26.3 ; -6.0). The mean concentratioh infliximab were respectively 0.8
pg/mL in ADA positive patients and 15.9 pg/mL in ADegative patients. In a multivariable
model performed on 170 samples from 125 patients tdumissing data and taking into
account potential confounders, ADA positivity waidl significantly associated with the drug

serum level f§ coefficient, -20.2, 95% CI -32.0 ; -8.3) (Supplettegy Table 3).

3.3 ADA status, drug serum levels and clinical resmse

The effect of ADA status and drug serum levels loa ¢tlinical response to treatment was
analysed using a multivariable Cox regression mo@A&A positivity was significantly
associated with a lower probability of good or mmade EULAR response for 215
adalimumab-treated patients (278 clinical obseovatiavailable ; HR, 0.58, 95% CI 0.39—
0.86) and 125 infliximab-treated patients (149ickhobservations available ; HR, 0.61, 95%

Cl1 0.32-0.76) (Supplementary Table 4).
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4. DISCUSSION

This study confirms ADA occurrence in 20% to 30%R& patients treated with adalimumab
or infliximab, for most of them anti-TNF naive ando-treated with methotrexate.
Interestingly we observed that ADA production ocedrlater than expected and increased
over the 18 months of follow-up without reachingplateau. Furthermore, we found that
longer disease duration (over 1 year) was a riskofaof ADA development against both
adalimumab and infliximab while a higher baselink928 was associated with a higher risk
of ADA against adalimumab and lifetime smoking ssatvith a higher risk of ADA against
infliximab. The data confirmed that ADA positivityas associated with lower drug serum

levels, for both adalimumab and infliximab, andhat poorer clinical response.

This study is the first collaborative cohort anayexploring the occurrence of ADAS in
different populations of RA patients. Its main styth was that it used a large dataset that
combined cohorts from 3 European countries andyaedlcensored time-to-ADA outcome. It
is worth noting that the analyses were performeadgusterval-censored methods that took
into account the fact that, in this study, ADA pively outcome was known only to fall
within a monitoring interval. Indeed, use of classurvival methodology for data of this sort
can lead to inaccurate conclusions by underestmatine variability of the parameters

estimated,[37].

An interesting result highlighted by our study et for both treatments, the cumulative
incidence of ADAs exhibits a sigmoidal shape, wilie appearance of ADAs mainly after 6
to 12 months of treatment. These results wereréffitefrom those of a previous study which
showed that almost 10% of the patients developeAs\&fter only 4 weeks and two-thirds of

the positive patients had ADAs within 28 weeks,[Bhis is most likely due to the type of
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assay and appearance of ADA is highly dependenhersensitivity of the assays,[38]. The
currently ongoing ABIRISK prospective studies, whimclude 250 patients with RA, will
give opportunity to confirm these new findings whiinterestingly, could explain why there
is a continuous and regular rate of secondary rislwithout any plateau effect in patients
treated with TNF inhibitors. ADAs were detected mdrequently in infliximab-treated
patients (29.4%) than in adalimumab-treated pati€t®.2%). But the median time to ADA
occurrence was only 4.5 months in adalimumab-tdepégients and 13 months in infliximab-
treated patients. This could be due to the hetesige of serum collection dates in the
different cohorts. Indeed, the first sample coltattoccurred before 12 months for 223/240
adalimumab-treated patients (92.9%) and 64/126ixinfab-treated patients (50.8%)
(Supplementary Tables 5 and 6) and thus the priifyadsi detecting ADA before 12 months

was less with infliximab.

To our knowledge, in RA, effect of disease dura@sra predictor of ADA formation has not
been analysed. Although there is evidence of aggooibetween ADA formation and disease
activity change,[4,5,39-40], baseline DAS28 assk factor that could likely influence the
development of ADA while taking into account of 8mmariation, repeated measures or other
covariates has not been fully investigated. In study, longer disease duration and a high
DAS 28 increased the risk of ADA occurrence. Thepaet of disease duration on ADA
induction could in part explain why disease durat®an important factor predicting negative
response to treatment,[41]. It is worth noting ttie borderline significance for either very
long disease duration (> 3 years) or very high D&&2tivity (>5.1) could be related to the
loss of statistical power on account of the smathgle size. Finally we found an association
between lifetime tobacco smoking and ADA productioninfliximab. In the literature, few
studies have described the influence of tobaccswaption on ADA occurrence. In multiple

sclerosis (MS), tobacco smoking is associated witd risk of neutralizing antibody
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production against interferon-beta and natalizurtredvapy,[42-44], although another study
has contradicted this association,[45] and the m@isin behind this association is not yet
understood. Cigarette smoking affects both celliated and humoral immune response,[46].
However, smoking is a well-known risk factor for Reainly associated with ACPA

formation,[47], suggesting that smoking could bsoasted with an overall B-cell response
in RA. In our study anti-TNF naivety and concomitamse of methotrexate were not
associated with ADA development in the adalimumeadug although the prior use of anti-

TNF is known to increase immunogenicity of a secamdi-TNF treatment,[48-49], and

combination therapy with methotrexate is known teduce immunogenicity,[50-51].

However, our study was not powered to analyse ffexteof prior anti-TNF treatment or

concomitant use of methotrexate since a large trityjof the patients (328/355 and 341/353
respectively) were in this situation. In the unighte analysis, patients with concomitant use
of corticosteroids in the adalimumab group preskate unexpected risk of ADA occurrence.
However it was not significant in the multivariatd@alysis of both treatments. Although
corticosteroids have an immunosuppressive effeeir role in combined therapy to reduce
anti-TNF immunogenicity is not clear. In a previostudy in Crohn’'s disease, the

hydrocortisone premedication reduced anti-inflixbrentibodies concentration but not their
formation,[52]. Other studies in RA don’t support mfluence of corticosteroids on ADA

development,[5,53]. A possible explanation to tieeardant results between the univariable
and multivariate analysis might be that corticasitts are more often given to patients with
higher DAS28 at baseline and the association obddrvthe univariable test is only due to a
confusion bias with disease severity, which is i@l factor behind the association and is
confirmed significant in the multivariable analysighis also highlights the importance of
taking into account other covariates, which has begn performed in previous studies on

ADAs against anti-TNF treatments.
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We also confirmed the previously established assioti between ADA positivity and a
decreasing drug serum concentration for both treatsy11,54]. Diminished drug serum
levels are probably consequences of ADA developnsetd can result either from an
increased drug clearance via the formation of imenaomplexes,[55] or via the functional
neutralization of the drug via a blocking of itsithing to the target, which interferes with the
ADA detection assay,[54]. The marked decrease afj derum concentrations in blood as a
result of ADA formation could probably explain threverse association between ADA
positivity and a better clinical response also fbima number of previous studies,[4,40,56-

58].

One of the drawbacks of this study was that it giati cohorts with heterogeneous sampling
schemes. As shown in Supplementary Figure 1, théebecohort for adalimumab and the
Amsterdam cohort for infliximab were the only twohorts with pre-scheduled visits while
having a shorter follow-up period. Due to an unexpe very low number of events, the
follow-up time may have been too short and notisigfit to observe the formation of ADAs.
This hypothesis was confirmed by a consistentlyhhtjug level in these two cohorts.
Furthermore a verification was done on the quabitythe stored serum and integrity of
immunoglobulins by retesting RF and ACPA on higtally positive samples from
Amsterdam which were confirmed positive (data nlebven). This led us to focus our
univariable and multivariable analyses on the ctshaith a similar sampling pattern. Thus,
to investigate prognostic factors we excluded tlédén cohort for adalimumab and the
Amsterdam cohort for infliximab, to avoid informadi censoring. In addition, the same
analyses were performed including the two cohdvés ked to identify the same risk factors
(Supplementary Tables 7 and 8). In our study, wesd s commercial ELISA kit to measure
ADA serum level. Although they are more sensitiveltug interference which could have led

to an underestimation of the incidence of ADA appree (in particular at early time points
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when the ADA titre was still low), ELISA assays leathe advantage of being the most
suitable tests for routine use in any hospitalatworatory for reasons of cost and simplicity.
Another limitation was that serum samples wereectdld during routine visits, although

ideally trough concentration serum samples shoaldded in studies to test immunogenicity
and treatment response. This is less of a conaermdalimumab where non-trough drug
serum levels have previously been shown to be mdsdcwith trough serum levels and with
ADAs,[49]. In addition, drug serum levels were irsgy associated with ADA positivity and

concentration, as expected (Supplementary FigureTBgse data represent the real-life

clinical practice, where the assessment of troaghpdes is not always practical.

To conclude, this study provides new insights indmlalimumab and infliximab
immunogenicity. ADA occurrence appears to be aydelgphenomenon. Even if more than
95% of the patients were co-treated with methoteexa0 to 30% of them treated with
adalimumab or infliximab developed ADAs and thek rig occurrence continued to increase
over time up to 18 months of follow-up, without ceing a plateau. It is interesting to find
that in real-life patients, almost all treated withethotrexate, the rate of ADA may be
significant and may increase over time. A longesedse duration, a higher baseline DAS28
and lifetime smoking were found to be risk factiamsADA development against adalimumab
and/or infliximab. Since ADAs have a negative impaw clinical response and vary inversely
with drug serum levels, these factors could bertaké account to tailor therapeutic drug

monitoring to each patient.
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FIGURE LEGENDS

Figure 1. Inclusion flow chart. Flow chart of rheumatoid arthritis (RA) patientr gohort of

adalimumab- and infliximab-treated patients

Figure 2. Cumulative incidence of anti-drug antibody (ADA). Cumulative incidence of
ADA over a maximum of 18 months follow-up in 240aéichumab-treated patient&) and

126 infliximab-treated patient8]
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