Anti-TNF failures

REPORT OF THE ECCO WORKSHOP ON ANTI-TNF THERAPY FAILURES IN
INFLAMMATORY BOWEL DISEASES: DEFINITIONS, FREQUENCY AND

PHARMACOLOGICAL ASPECTS

Allez Matthieu (1,2), Karmiris Konstantinos (3), lis Edouard (4), Van Assche Gert (5),
Ben-Horin Shomron (6), Klein Amil (7), Van der Waaidanneke (8), Baert Filip (5), Rami
Eliakim (7), Katsanos Konstantinos (9), Brynskovn@l0), Steinwurz Flavio (11), Danese
Silvio (12), Vermeire Severine (5), Teillaud JeamelL(13), Lémann Marc (1), Chowers
Yehuda (7)
Affiliations:

1) Department of Gastroenterology, Hépital Saint-Lp@&BHP, Université Paris 7 Denis

Diderot, France
2) Avenir INSERM U940, France

3) Department of Gastroenterology, CHU Liege, Uniwérdie Liege, Belgium.

Correspondence to:

Matthieu Allez, MD PhD
Department of Gastroenterology
Hopital Saint-Louis

1, avenue Claude

75010, Paris, France

Abbreviations used in the manuscripBD: inflammatory bowel diseases; CD: Crohn’s

disease; UC: ulcerative colitis; TNF: tumour-negoictor; Abs: monoclonal antibodies;
IFX: Infliximab; ADA: Adalimumab; CZP: Certolizumapegol; PNR: primary non response

to anti-TNF agent; LOR: loss of response to anti-T&gent; CDAI: Crohn’s disease activity



Anti-TNF failures

index; CRP: C reactive protein; MRI: magnetic remme imaging; ATI: antibodies to
infliximab; ATA: antibodies to adalimumab; IgG: immoglobulin G; PEG: polyethylene
glycol; Fo/R: Fc gamma receptor; ELISA: enzyme-linked immumbsot assays; RIA: radio-

immunoassays.



Anti-TNF failures

INTRODUCTION

The introduction of drugs directed against tumoecrosis factor (anti-TNF) has greatly
advanced the therapeutic armamentarium for théntiesa of inflammatory bowel diseases
(IBD). Infliximab (IFX), followed by Adalimumab (AB) and Certolizumab pegol (CZP)

have shown significant efficacy in severe Crohn'sedse (CD) refractory to conventional
treatments, including immunosuppressive drugs (Han2002, Colombel 2007, Schreiber
2007). Efficacy for fistulizing CD has also beermwin in a placebo-controlled trial with IFX

and in a post-hoc analysis of a pivotal trial WitBA (Colombel 2007, Present 1999). This
clinical efficacy has been associated with mucbsaling and improvement in quality of life.

The efficacy of anti-TNF agents has also been shiowexert a major impact on the outcome
of important disease parameters (i.e. a reductionhospitalizations and surgeries)
(Lichtenstein 2005, Feagan 2008). However, somemqatdo not respond to anti-TNF agents

and a significant proportion of responders may lesponse over time.

The scientific committee of ECCO has launched tingt fpathogenesis workshop which
focused on this significant clinical problem. Theewall objective was to better understand

and explore primary non response (PNR) and logesgonse (LOR) to anti-TNF agents in

IBD.

The outcome of this workshop is presented into padas. The first manuscript addresses
definitions, frequency and pharmacological aspettanti-TNF therapy failure, including
pharmacokinetics of anti-TNF monoclonal antibodi@g\bs) and immune and non-immune
mediated clearance of anti-TNF mAbs. The secondus@aipt focuses on the biological roles
of TNF and TNF antagonists, including mechanismsadion of anti-TNF agents, TNF

independent inflammatory pathways, and paradoxi@mmation.
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DEFINITION AND FREQUENCY OF FAILURESWITH ANTI-TNF MONOCLONAL ANTIBODIES

Primary non response in luminal Crohn’s disease

In placebo controlled trials, the rate of no remaissat week 4 was 80% with CZP (Sandborn
2007), 67% with IFX (Targan 1997) and 64% with AQWanauer 2006). These numbers
were influenced by induction regimen, mainly for ADThe rate of non response at week 4
was 71% for CZP (Sandborn 2007), 40% for IFX (Tar@897) and 41% for ADA (Hanauer

2006). The influence of induction regimen for ADAsvnot statistically significant.

In pivotal placebo-controlled maintenance trialshwopen label induction, the maximal
response rate was observed at week 12 for CZP BAdakd at week 10 for IFX. The rate of
no remission at these time points was 73% with G&Phreiber 2007), 58 % for IFX
(Hanauer 2002) and 50 % with ADA (Abbott data de)f(Colombel 2007). The rate of no
response was 64% and 54% with CZP when defined 180gpoints decrease in CDAI and a
70 points decrease, respectively (Schreiber 2@ 2% with IFX (defined by a 70 points
decrease in CDAI) (Hanauer 2002) and 31% and 218 ADA when defined by a 100
points decrease and a 70 points decrease, resgdgdcibbott data on file) (Colombel 2007).
In these trials, the response and remission ragre wfluenced by disease duration. For
example, no response was observed in only 10% tedrppa having disease duration of less
than 1 year as compared to 43% of patients havisgade duration greater than 5 years, at

week 26 with CZP (Schreiber 2007).

Mucosal healing has been evaluated with IFX therapgence of mucosal healing was found

in 71.1% at week 10 and 55.6% at week 54 (Rutg@€xs).

In strategy trials, absence of remission withoetats reached a very low rate around 25% at
week 12 with IFX combined for a few weeks with etds, with or without
immunosuppressive treatment (Feagan commit 200&ahé 2006). Co-treatment with
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Immunosuppressors was shown to decrease non respohisonly in immunosuppressor-
naive patients (Colombel 2008). There was no @#arct of immunosuppressor co-treatment

in cases of immunosuppressor failures (Sandborid,Z0&rgan 1997, Hanauer 2006).

In monocentric uncontrolled series, absence ofarsp after induction were constantly lower
than in controlled trials and ranged from 40% t8610nly (Schnitzler 2009, Marting 2007,

Gonzalez-Lama 2008, Vermeire 2002). In these set@ser non response rates were
associated with immunosuppressor co-treatment, geruage, colonic disease, absence of

stricture, non smoking and elevated CRP.

Primary non response in fistulising Crohn’s disease

Primary non response after induction with Infliximevas 31 % at 14 weeks (Sands 2004).
Absence or incomplete closure at the same timet mmourred in 52% of patients (Sands
2004). For ADA, data exists only for the 6 monthmet point, with absent or incomplete

closure in 70% of patients (Colombel 2007). Clodsseed only on clinical evaluation, does
not mean definitive healing as illustrated by MRs@ssment. After induction therapy with
IFX the vast majority of clinical responders (8/1Hd persistent inflammatory tracks on MRI
(Van Assche 2003). Monocentric experiences and ninglted series suggest that the
combination of anti-TNF treatment with an approf@iarainage of perianal lesions and

antibiotics may decrease non response rates (FAaf4, Topstad 2003).

Primary non response in chronic active ulcerativelitis

Only IFX has currently been adequately evaluatedlgerative colitis. Absence of response
after induction at week 8 was around 35% and alesehcemission around 65% (Rutgeerts
2005). Absence of mucosal healing after inducti@s viound in 40% of patients (Rutgeerts

2005).
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Secondary non response in luminal Crohn’s disease

Secondary non response or loss of response tdarBitiagents is defined in those patients
who initially respond to anti TNF therapy and supsantly lost the clinical response. Most
studies define clinical response as a reductio@DAI of >70 from baseline and clinical
remission as CDAI<150. Secondary non respondertharefore those patients not achieving
these clinical goals. For IFX, this is defined dcarring after the forth dose (0, 2, 6 and 14
weeks). For ADA, this is defined if occurring aftée induction phase which includes three
injections in decreasing doses of 160 mg, 80 mgdénahg over a period of 4 weeks followed
by 40 mg every other week for a total of 6-12 wpekiod (to achieve maximal response). For
CZP, loss of efficacy is present after the indutfidase which includes three 400 mg doses

at 0, 2, and 4 weeks.

Two placebo controlled trials evaluated Infliximédy the maintenance of remission in CD.
Clinical response was defined as CDAI reductigi® from baseline and clinical remission
was defined as CDAI<150. Rutgeerts et al evaluptgebnts who initially responded to IFX
at week 44 (Rutgeerts 1999). Failure to maintasponse was observed in 38% of IFX
treated patients. The proportion of patients notlinical remission at the end of follow-up
with IFX was 47%. Hanauer et al evaluated 335 IEXponders (Hanauer 2002). The median
time to loss of response was >54 weeks for IFX Bkangnd 10 mg/kg. Loss of response at
week 54 was observed in 61% of patients on IFX Bkghgnd in 42% of patients on IFX 10
mg/kg. The proportion of patients not in clinicahrission at weeks 30 and 54 were 61% and
71% respectively for IFX 5 mg/kg and 55% and 61 &Xpectively for IFX 10 mg/kg. Two
trials evaluated the secondary non response tiximlb by assessing the need to intensify
the dose and/or frequency of IFX treatment (Regu&@07, Schnitzler 2009). Loss of
response was observed in 50%-54% of patients isetseudies. A recent big cohort of 614

patients receiving IFX was followed up for a med@n55 months (Schnitzler 2009). The
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authors reported non response rate of 21.6% agrttleof follow-up. Finally, a recent review

of the literature by Gisbert and Panes evaluatad ffam 16 studies (Gisbert 2009). The
reported loss of response rates ranged betweenaht?48%. A total of 2236 patients were
included in these studies, providing 6284 patiexdrg of follow-up. The mean percentage of
patients with loss of response to IFX calculateanfithese studies was 37%. Since the follow
up time varied between these studies, it was stggdy the authors that the risk of losing
response to IFX is better expressed as incidenceatent years of follow up. Using this

calculation, the loss of response to IFX was 13pE¥gpatient year.

Two placebo controlled trails evaluated ADA for mtanance of remission in CD. Similar to
the IFX trials, clinical response was defined asACEduction>70 from baseline and clinical
remission was defined as CDAI<150. Colombel et @hlwated patients who initially
responded to ADA at week 54 (Colombel 2007). Ldsgsponse was observed in 46% of the
patients. The proportion of patients not in clihicemission at weeks 26 and 54 were 60%
and 64% respectively for ADA every other week al8o5and 49% respectively for ADA
every week. Sandborn et al evaluated Adalimumaporegers at week 56 (Sandborn 2007).
The proportion of patients not in clinical remigsiwas 21% and 17% respectively for ADA

every other week and ADA weekly.

Two placebo controlled trails — PRECISE 1 and 2lwated Cetrolizumab for the
maintenance of remission in CD (Schreiber 2007,dBam 2007). Clinical response was
defined as CDAI reductiorr100 from baseline and clinical remission was defires
CDAI<150. IN the PRECISE 1 trial, the rate of sedary non responders at week 26 was
38%. The rate of clinical non remission at weekwzt 52%. In the PRECISE 2, secondary
non response at week 26 occurred in 38% of patwhts initially responded to induction

therapy. Clinical non remission occurred in 52%afients.
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Secondary non response in fistulising Crohn’s disea

One placebo controlled trail evaluated IFX in theatment of patients with fistulizing CD
(Present 1999). Response was defined as reductitimeeinumber of draining fistulas of at
least 50% from baseline and remission was defireetha absence of draining fistulas. At
week 54, 64% of the patients had loss of respomd&X manifesting as actively draining

fistulas.

Secondary non response in chronic active ulceratoaditis

Two placebo controlled trails, ACT 1 and 2, evadgatnfliximab for the maintenance of
remission in UC (Rutgeerts 2005). Clinical respowse defined as a decrease in the Mayo
score of at least 3 points from baseline and d@iniemission as a total Mayo score of 2 or
less. In the ACT 1 trail, clinical non responsewateks 30 and 54 were 49% and 55%
respectively. Clinical non remission at weeks 30 &4 were 65% and 66% respectively.
Lack of mucosal healing was observed in 50% ofepddi at week 30 and 55% of patients at
week 54. In the ACT 2 trail, clinical non resporeteweek 30 was 53% for Infliximab 5
mg/kg and 40% for IFX 10 mg/kg. Clinical non rennss at week 30 was 74.4% for
Infliximab 5 mg/kg and 64.2% for Infliximab 10 mgk Lack of mucosal healing was

observed in 54% and 43% of patients on IFX 5 ma#kd 10 mg/kg respectively.

Prevention of anti-TNF therapy failure

Published data from referral centers presentingrétes of response to anti-TNF in routine
practice have shown higher response rates tharomtradled trials reaching 60-90% of
response. These data suggest that an appropriatgi@e of good candidates to anti-TNF
therapy give better results. In the SONIC studyiep#s with active lesions at endoscopy had

higher rates of response to IFX and azathioprire@ai@bel 2008).
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The use of immunomodulators (Azathioprine, 6-Metopprine and Methotrexate), in
conjunction with Infliximab has been shown to sfgaintly reduce the proportion of patients
with anti TNF antibodies, possibly leading to a mméavourable response and reduced need
for dose escalation (Gisbert 2009, Maini 1998, Maote 2001). More recently, preliminary
results from the ongoing SONIC study, demonstraigder maintenance of remission rates at
6 months in the combination arm of IFX and Azathiop. Immunomodulators seem to
protect against the induction of anti-ADA and a@#P antibodies as well (Schreiber 2007,
Sandborn 2007). One placebo controlled trial dertnatesi that intravenous Hydrocortisone
200 mg administered immediately prior to IFX infusi significantly reduced antibody
formation to Infliximab; 26% versus 42% in the @ho arm (Farrell 2003). It is not clear
however, whether this approach imparts long tefieces on loss of response.

Results from several studies have demonstratedehatarly scheduled Infliximab infusions
are associated with a decreased likelihood of adyilformation. Intermittent therapy may
predispose to formation of anti-drug antibodies amateased loss of response (Baert 2003,
Hanauer 2004, Rutgeerts 2004). On the other haaltarza et al found no difference in LOR
between patients receiving scheduled IFX maintemadherapy to those reintroduced to IFX
after a period of 4 months of no therapy in patewho received the original 3 infusion
induction regimen (15% versus 10% respectively)ggesting this issue needs further
evaluation (Zabana 2008).

PHARMACOKINETICSOF ANTI-TNF MABS

Serum half lives vary between the anti-TNF agemtgen administered in humans. Etanercept
has the shortest half life (4 days) and ADA andii@omab between 10-20 days. Elimination
of therapeutic proteins varies between individualsd is most likely influenced by

Immunogenicity (anti drug antibodies) and by diéfietial clearance.
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The pharmacokinetics of these agents is determbyetthree basic factors: - 1) the mode of
administration (intravenous vs. subcutaneous) dr2p’s half-life and - 3) peak-to-trough

serum concentration. All these factors determire ttierapeutic window, introduced as a
concept, by Nestorov in 2005 (Nestorov 2005). Tierapeutic window concept postulates
that a threshold trough serum concentration isirequor therapeutic efficacy. On the other
hand, supra-therapeutic serum concentration mayease the hazard of infections or
malignancy. The importance of a high peak concéotraas a consequence of intravenous
administration for efficacy and safety of anti TN#gents in CD and UC has not been
established. Peak concentrations after IFX infusion at least 50 times higher than trough
concentrations (100-300pg/mL vs. 1-10pg/mL). Thiatior is less prominent in

subcutaneously administered agents like ADA, CZ® Branercept. When administered at a
dose of 40 mg EOW in patients with rheumatoid #rthrand CD, the trough serum

concentrations of ADA range between 4 and 8ug/mL.

The volume of distribution of IFX and ADA is compdte, which means that these molecules
spread similarly into body compartments. It is @aclif this also implies that the penetration
in different tissues, such as inflamed gut mucdsaalso similar. To our knowledge,

distribution data for CZP are not available.

Importance of pharmacokinetics for the efficacy ahti TNF therapy

When recommended doses are used, one can assumaitthly adequate trough serum

concentration is obtained in most patients and [thatinitial concentration is not the reason
for PNR. However, data testing this hypothesis sgarce. In the original dose ranging
induction trial with IFX a dose response assocmti@s not been reported (Targan 1997).
Similarly in UC patients, IFX was not superior whgimen at a dose of 10 mg/kg compared to

the 5 mg/kg (Rutgeerts 2005). However, in thet filgse ranging trial with ADA in CD a
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dose/response relation was apparent (Hanauer 20@fetheless, in all these trials the

relevance of early trough serum concentrationridividual responses was never reported.

Trough serum concentration of therapeutic antite@igorobably more relevant for secondary
LOR. The development of anti-drug antibodies isrimsically linked with the use of
therapeutic proteins (Hwang 2005). However, inichh practice, only antibodies which

interfere with drug efficacy (neutralizing antibed) or instigate adverse events really matter.

Drug trough serum concentration is reliably assksegardless of anti-drug antibodies and
also reflects the degree of drug degradation. Toexethis concentration may represent a
more clinically relevant surrogate marker for LORX trough serum concentration correlates
with the presence of antibodies to IFX (ATIs) andhwduration of response, but this
correlation is not absolute (Baert 2003, Maser 2008s0, a decrease in drug levels may be
driven by mechanisms other than the induction af@dmig antibodies. For patients with IBD,
more relevant than the underlying mechanism of efesed trough serum concentration is
their chance of needing accelerated dosing duedonslary LOR. This information may be
inferred from clinical trials. However, it is impant to note that in the long term trials with
IFX, patients increased the dose in case of LORredsewith ADA, a shortening of dosing
interval was used to enhance drug exposure. Ifirstanaintenance trial for luminal CD with
IFX, ACCENT 1, 30% of patients treated with 5 mgikgtepped up to the higher dose group
of 10 mg/kg after one year because they experieacdisease flare (Hanauer 2002). In the
maintenances trials with ADA, CHARM and CLASSIC the percentage of patients that
shortened their dosing interval to 40mg weeklyradige year was 27% and 46% respectively
(Colombel 2007, Sandborn 2007). In the long ternmteaance trial with IFX for fistulizing
CD, ACCENT 2, 25% of patients increased the dosE)tmg/kg because their fistulas started

draining again (Sands 2002).
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Treatment optimization in LOR

If despite optimizing the treatment strategy, tliiicacy of an anti TNF agent fades in a
patient with initial response, treatment flexilyilis needed to counteract LOR. The two main
strategies available are: (1) increasing drug exody shortening the dosing interval or
increasing the dose and (2) switching to anothelg.difo some extent, the therapeutic

intervention needs to be tailored to each indivighadient.

To justify the first option of dose escalation, weed evidence that low trough serum
concentration is associated with LOR and that msireg drug exposure restores efficacy. In
the ACCENT 1 trial, increasing the dose from 5  rhg/kg and from 10 to 15 mg/kg
restored response in 62% and in 69% of patienfentively (Hanauer 2002). Conversely, in
a single center patient cohort in Leuven of 547epéd with CD, 66% (75/108) regained
clinical response until the end of follow up afteaving shortened their dose interval
(Schnitzler 2009). Data in patients with IBD andhwiheumatoid arthritis suggest that IFX
trough serum concentration below 1pg/mL correlath WOR (Maser 2006, St Clair 2002).
In a retrospective cohort of CD patients at the vigrsity of Toronto, ATI formation
correlated with low trough concentration, CRP dmeldbsence of long term remission (Maser

2006).

In a prospective immunosuppressives withdrawal, tgatients with CD and with low IFX
trough serum concentration (below median) had migRP values and CDAI scores than
those with trough concentration above median (VaacAe 2008). Hence, even if there is no
absolute correlation between trough serum condemttaATIls and the clinical response,
increasing drug exposure with an intention to mestmough concentration to therapeutic
values is a valuable strategy. Data regarding tifeiegnce of trough concentration on

therapeutic efficacy has not been released fromctmgrolled trials that led to the market
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authorization of ADA and CZP (Hanauer 2006, Coloh@)7, Sandborn 2007, Schrieber
2005, Schreiber 2007, Sandborn 2007). However, iat@spective cohort of CD patients
treated with ADA at the University hospital of Lean, trough serum concentration was
linked to clinical efficacy. More interestingly, patients who regained clinical response after
dose adjustment, the increment of ADA trough secamcentration was higher than in those
who failed to restore response (Karmiris 2009). iBindata were already reported with the

use of ADA in patients with rheumatoid arthritisafiBelds 2007).

The strategies of dose escalation have been vieyatit in clinical trials conducted with the
different anti TNF agents IFX, ADA and CZP. Thena, it is impossible to choose between
shortening dosing interval and increasing the d@s®d on clinical trial experience. For ADA
the European label suggests dose intensificatidp by shortening the interval between
injections, but for IFX both options are being eaydd in clinical practice. A post-hoc
analysis of the pharmacokinetic data collectechemATTRACT maintenance trial with I[FX
in patients with RA, suggests that shortening titerval will lead to higher trough serum

concentration than increasing the dose (St Cldi220

In case of LOR despite optimization, other theraipeaptions, including switching to another
anti-TNF is an option. In the GAIN trial, speciflsadesigned to include patients with LOR
or intolerant to IFX, remission rates 4 weeks afterinduction dose of 160/80mg ADA were
lower when compared to those found in an earlieASSIC 1 dose finding trial, (Hanauer
2002, Sandborn 2007). This observation needs twobh&rmed, but recent clinical trial data
with both ADA and CZP indicate that prior exposuoelFX attenuates the response to a
second anti-TNF agent. The reason of discontinndtiofailure of one or two anti-TNF mAb
(PNR, LOR and/or intolerance) does not seem ta@nite the rate of response to a second or

a third anti-TNF (Sandborn 2007, Vermeire WelcoAléez 2009).
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4. IMMUNOGENICITY OF ANTI-TNF MABS

Anti-TNF agents have different degree of humanizati

All anti-TNF agents are compounds produced by biutelogy that mimic molecules found
in the body, such as proteins and oligonucleotidds. anti-TNF agents commercially
available to treat patients with IBD are monocloreltibodies or antibody fragments.
Etanercept (not effective in CD and not evaluatedJC) is a receptor/antibody fragment
fusion protein (Sandborn 2001). Due to their mol@cuwature all these agents need to be
parenterally administered. Several strategies Hzaen followed in drug development to
improve the efficacy and tolerability of biologicafjents. Progress in protein engineering has
resulted in the elimination of immunogenic non-hanpeptide sequences from anti-human
antibodies, a technique called humanization (HW20@5, Tracey 2008). Third generation,
humanized antibodie£95% human) and fourth generation, fully (100%) homaatibodies,
are usually associated with less immunogenicitycasipared to chimeric (75% human)
monoclonals such as IFX. Anti-TNF agents currergthailable differ in their degree of
humanization. The chimeric monoclonal I1gGl antibody=X (Remicadél,
Centocor/Schering-Plough), the human monoclonallig&tibody ADA (Humiral, Abbott),
and the humanized Fab antibody fragment linkecdbtg ethylene glycol (PEG) CZP or CDP-
870 (Cimzial, Celltech/UCB), all binding tumor necrosis factbave shown efficacy in CD
and IFX also in UC. Golimumab (CNTO-148), a fullprhan 1gG1 antibody, is being

evaluated for its efficacy in CD.

The methods of detection of antibodies against BNf&gonists vary among different studies.
Notably, not only are the techniques for measuré¢raeantibodies different, even the results

obtained by the different methods are not repoirea uniform or standardized manner that
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would enable comparability and reproducibility eagostudies. In this review, firstly, the
different methods for the detection of ATI and baties to ADA (ATA) and secondly, the

impact of immunogenicity on the efficacy and sidie&s of both drugs will be described.

Antibodies against Infliximab (ATI)

Initial measurements for detecting antibodies agjalRX (ATIs) were mostly performed
using solid-phase enzyme-linked immunosorbent as@alyiSA). This technique has a major
disadvantage because standard detection antib@dgedabeled anti human Fc) used for the
detection of anti-drug antibodies, may also cresset with the Infliximab moiety that
comprises the antigen in these particular assaysvércome this problem, a double antigen
format ELISA has been employed by several groupsvels as by a commercial facility
(Prometheus Laboratories, San-Diego, Ca, USA)his technique, plated Infliximab serves
as the antigen, and Infliximab is used again, adinylated form, in the detection phase of
serum antibodies that bound to the plated IFX ~tlhe antigen (Baert 2003, Vermeire 2007).
Nevertheless, this method has several limitatitnsan detect only bi-valent or poly-valent
ATls, epitope masking in the plated Infliximab mgield false-negative results and the
presence of Infliximab in serum may compete with tletection by biotinylated-IFX. In
addition, spontaneously occurring anti IgG antilesd(rheumatoid factor) as well as other
low-affinity antibodies may non-specifically bind the adsorbed Infliximab antigen, yielding

a false positive assay result (Svenson 2007).

The limitations of the double-antigen ELISA haveadeto development of alternative
methods. A functional assay assessing the capafcggnsitized patients' serum to neutralize
binding of Infliximab to solid-phase TNF was stuli€Candon 2006). This method may

carries the risk of missing non-neutralizing andiies.
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Fluid-phase assays comprising radio-immunoassay#) (Rvere also studied for ATI
measurement. In general, fluid phase RIAs recoghigands with highly conserved
conformations and are therefore less influencedrbsfacts due to formation of new epitopes
or loss of epitopes occurring after fixing of piateto solid phase matrices. This technique
appears to have the capacity to provide a usefuleladion with clinical response to
Infliximab (Svenson 2007, Ainsworth 2008, Bendtz2006, Bendtzen 2009). A further
advantage of fluid phase RIAs is that they als@edefunctionally monovalent ATIs, such as
IgG4, which are not measured by bridging ELISA, bavertheless constitute a significant
amount of anti-inflximab antibodies in patientswrheumatoid arthritis (Svenson 2007). On
the other hand, fluid-phase RIA technology doesanaumvent the interference stemming
from the presence of Infliximab in serum and id 8thited for detecting only lambda-chain
containing anti-Infliximab antibodies, which haveem shown to comprise 50% of the total
Infliximab-anti-Infliximab immune complexes in senu(Svenson 2007). Other investigators
used agarose-immobilized protein A to capture seimmunoglobulins and then measured
radioactivity after addition of 1125labeled pepsieated Infliximab (Wolbink 2006).
However, this method cannot overcome the presehdeflximab in serum, and may also
under-detect anti-Infliximab antibodies other th&gGl and 1gG2, as the latter are

preferentially captured by protein A.

Antibodies against Adalimumab (ATA)

One method to measure ATAs consists of adding #adhielled pepsin-digested Adalimumab
(i.e. the Fab2 fragment of Adalimumab) to protentaptured serum immunoglobulines, with
subsequent measurement of sepharose-bound radiya¢Bartelds 2007). Others have
measured ATAs using double-antigen ELISA technigueereby un-labelled ADA serves as
the bound antigen, and labelled ADA is employethendetection phase (van de Putte 2003).

A fluid phase RIA has also been developed (Rads28k8). The read-outs of this technique
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were shown to usefully correlate with clinical respe to ADA, or lack hereof, in patients
with rheumatoid arthritis and, most likely, withDB Since all these methods are in essence

similar to those used for ATI as described abdwvey also share similar technical limitations.

Immunogenicity and Infliximab

Allergic reactions

Acute infusion reactions need to be differentidtedn delayed reactions. Acute reactions are
defined as reactions occurring during or withind2its of an infusion. They can be severe or
not. Severe reactions are usually defined as meactiecessitating stopping the infusion due
to significant dyspnoea or drop in blood pressidd to moderate acute reactions may

include fever, slight decrease in blood pressugghema, itching, or shiver.

Delayed reactions occur 2 days to 2 weeks afterfusion of IFX. The symptoms can be
quite severe and usually last 3-5 days. Delayedticees are usually attributed to serum
sickness like reactions. Possible symptoms includkister of features (generalized stiffness,

myalgias, arthralgias, fever, and/or rash).

The main hypothesis behind these allergic reactiatiste or delayed and severe or not, is that
they are related to some form of immunogenicityirgfalFX. However this has not been
adequately studied and the only biological markezilable to assess immunization against
the drug are the so-called antibodies to IFX (Afdrmerly called human anti-chimeric

antibodies or HACAS).

Clinical relevance of immunogenicity and Infliximab

In all registration studies with IFX, ATIs have Inegetected in 4 to 38% of patients (Hanauer

2004, Sands 2004). In the early post marketingaainexperience when IFX was used on
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demand with and without concomitant immunosuppressg to 25% of patients developed

moderate or severe infusion reactions as descabede.

Since then, hallmark studies have shown a reldtiprisetween ATI and infusion reactions.
In a cohort of 125 consecutive patients with CDowlere treated with episodic IFX
infusions, IFX and ATI concentrations together wilnical data, side effects (including
infusion reactions), and the use of concomitantioaithns before and 4, 8, and 12 weeks
after each infusion were studied (Baert 2003). AVése detected in 61% of patients; almost
all patients who developed ATI did so after thestfior second infusion. The cumulative
incidence of infusion reactions in this cohort of demand treated patients was 27 percent.
The vast majority of infusion reactions occurrediniy the second or third infusion. There
was a strong correlation between the concentraifoATIls and the occurrence of infusion
reactions. The median concentration of ATl was120y/mL (95% confidence interval 3.0 to
22.6) at the time of a first infusion reaction, asnpared with 3.2 pg/mL (95% confidence
interval, 1.6 to 4.9) among patients without amugibn reaction (p<0.001). Concentrations of
8 ug/ml or higher predicted a higher risk of infusreactions (RR 2.40; 95% CI 1.65 to 3.66;

p<0.001).

A significant relation was also found between thum IFX concentration measured 4 weeks
after an infusion and the concentration of ATlsdpefthat infusion (r=0.34, p<0.001). The
median Infliximab concentration four weeks afteriafusion was significantly lower among
patients with an infusion reaction than among pi#tievho never had a reaction (1.2 pg/ml

vs. 14.1 pg/ml, p<0.001).

Once an infusion reaction occurred, the median tduraof response to an infusion was
shorter: 38.5 days (95% CI 34-51 days), as compaiidd 65 days (95% CIl 56-71 days;

p<0.001). Logistic regression analysis showed thatpresence of ATIs was independently
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associated with a shorter duration of response .Q84). Patients who were taking
immunosuppressive agents had a lower incidencetdiaies (43%) than patients who were

not taking immunosuppressive agents (75%) (p<0.01).

Another study observed similar findings (Farrell0O3R In a cohort of 53 patients an
incidence of ATI of 36%, including all 7 patientstivsevere infusion reactions were found.
The median ATI concentrations in these patients &8 pg/ml. Eleven of 15 patients
(73%) who lost response to Infliximab were ATI g& compared to none of 21 continuous
responders. In addition to concurrent use of immsuppressants, the administration of a
second infusion within 8 weeks from the first waetpctive factors for ATl formation. In a

second part of the study 80 patients were randahis@00 mg of hydrocortisone or placebo
before each infusion and found a lower incidenc&®f among steroid pre-treated subjects
(26 vs. 42%). In a prospective study it was denrateti that patients receiving

immunosuppressants had lower ATI formation compavéd patients receiving Infliximab

alone (10% and 18%, respectively; p = 0.02) (Han2064).

Sequential measurement of ATI levels through theCENT 1 study has shown that ATIs
may develop at any time during systematic or episotreatment (Hanauer 2004). However,
ATI formation is more pronounced in patients tredagpisodically than in those treated in a
scheduled manner, ranging around 30% after 72 wiegke episodic strategy as compared to
10% and 7% in maintenance strategy with 5 mg/kg Hhdng/kg, respectively. Important
information provided by ACCENT 1 is that patientssjiive for ATI at any time point may
later become negative and that globally, the progorof patients positive for ATI at each
time point is not increasing over time, even withisedic strategy. However maintenance
therapy has proven superior to episodic treatmmnvdrious reasons, which are summarized
in table 1. The most important advantages of maarnee therapy over episodic treatment

include better response and remission rates, nmwyeugh mucosal healing, and better
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quality of life and reduced number of disease-eglaurgeries and hospitalizations. Recently
the Sonic trial comparing Infliximab maintenancess Infliximab plus azathioprine versus
azathioprine monotherapy has shown remarkable arabke superiority for the combination
therapy of Infliximab with immunosuppressant overafliximab maintenance regimen alone

in iImmunosuppressive naive patients (Colombel 2008)

Immunogenicity and Adalimumab

Allergic reactions

Adalimumab has been rarely reported to be relatiéld systemic or injection site allergic
reactions. These reactions can be drug- or hostifgpand some of them seem to be IgE-
mediated. In clinical trials with Adalimumab, appmoately 1% of patients experienced
allergic reactions such as allergic cutaneous emupt anaphylactic reaction, non-specified
drug reaction and urticaria. In addition, anaphiaand angioneurotic edema have been

reported rarely in post-marketing experience witdakmumab.

Systemic allergic reactions clinically expressedasthma have been also reported (Bennett
2005). In the CLASSIC-II trial the incidence of ANformation was estimated at 19%
(33/172 patients). All these 33 CD patients wes® glositive for anti-dsDNA. Of interest,
4/13 patients who were ANA-positive at baselingtwisere ANA-negative at their final visit
(Sandborn 2007). Adalimumab-induced lupus syndroaresrare (Martin 2008). In 1459
patients representing 1506 patient years only 3idtjxe cases were recorded (Colombel

2007).

Clinical relevance of immunogenicity and Adalimumab
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Adalimumab appears to be less immunogenic than dexfirming that in general chimeric
antibodies are more immunogenic than human angisogharden 2008, Hwang 2005). The
formation of human anti-human antibodies has béerady reported long ago (Van de Putte
2004, FDA, Weinblatt 2003) however, it still remsinnclear which part of Adalimumab

induces anti-human antibody response (Bender 2007).

In the CLASSIC-I trial concomitant therapy with #zaprine and 6-mercaptopurine did not
produce a significant change in serum concentratanAdalimumab (Hanauer 2006). The
CHARM (Colombel 2007) and the CLASSIC-Il (Sandb@®08) studies have shown ATA
formation in 2.8% of CD patients and this did ndffed between patients on or not on
concomitant immunosuppressant. However, the CLASBIGtudy is not powered nor
designed to demonstrate the protective role ohézatine, or methotrexate in the occurrence
of ATAs. In addition, attempts to modulate the depenent of antibodies to anti-TNF
therapies through concomitant immunosuppressiomatonecessarily prevent the need for

dose escalation and/or reduced dosing interval.

In the CLASSIC Il trial, three of the seven patger(#3%) developing ATAs were in
remission at week 24 and only two of seven (29%)eve remission at week 56 (Sandborn
2008). In addition, ATAs were associated with nesponse to Adalimumab in a study with
30 CD patients previously exposed to Infliximab @V2008). In this study of 30 CD patients
receiving Adalimumab after Infliximab discontinuat, ATIs were positive in 57% of
patients while ATAs were detected in 5/30 (17%)igras and 4 out of these five patients
were Adalimumab non-responders. According to thisly\s patients previously treated with
Infliximab with high levels of ATIs have a lowergsgonse rate to Adalimumab than patients
with low levels of ATIs. The presence of ATAs wassociated with low serum trough

Adalimumab levels. The authors suggested thatédaaed Adalimumab concentration was
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because of the increased clearance of Adalimumaliheé formation of immune complexes

between ATAs and Adalimumab (West 2008).

Limits of ATl and ATA

Notably, not only are the techniques for measuré¢ratantibodies different, even the results
obtained by the different methods are not repoirie@ uniform or standardized manner that
would enable reproducibility across studies. Theamne report antibody levels in arbitrary
units according to serial dilutions of a refereseeum, whereas others reports measurements
in microgram/ml. Moreover, there are hitherto nodgts directly comparing the different
methods outlined above, and thus it is hard to draw conclusions as to the most accurate
and/or clinically beneficial method of detectiomcB comparative studies are needed in order
to ascertain the best methodology for antibodydete in terms of reproducibility, accuracy,

and correlation with loss of clinical response -3 NF agents.

The real impact of auto-antibodies to Infliximaldafidalimumab in the mechanisms of the
early and late allergic reactions and loss of raspao these drugs deserves further studies

before firm conclusions can be drawn.

The production of IgG/IgM/IgA antibodies directedagnst TNF mAbs induces a decreased
efficacy. These antibodies could decrease the mgndi mAbs to TNF through interaction of
different parts of the mAbs: - Anti-VH/VL, more paularly anti-idiotopes antibodies
directed against antigenic determinants relatedhto TNF binding site; - Anti-allotype

antibodies leading to the formation of immune caw®ps.

Furthermore, the formation of these immune com@efanti-TNF IgGl/anti-IgG immune

complexes) probably accelerates the clearance dismtrough capture by cells expressing
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FcgRs. So far, little is known regarding the finapping of antibody specificity against anti-

TNF mAbs.

5. IMMUNE AND NON-IMMUNE CLEARANCE OF ANTI-TNF MABS

Clearance of mAbs is a multi-factorial processpiming different mechanisms that are either
antibody-dependent or host-dependent. The elingnadf IgG is known to be concentration
dependent, where half-life decreases as a funaiancreasing serum IgG concentrations.
Catabolism is the dominant elimination mechanisrméibs. However, the exact anatomical
locations of this process have not been identifiebrizi 2006, Wang 2008). Specific binding
sites on the Fc domain of the mAb that interachwiite FcRn and the frececeptors seem to
play a crucial role. The impact of the Fab domamatearance depends on the targeting

antigen, namely if it is a soluble or a membranarabone.

The neonatal Fc receptor (FCRn): the salvage pathwa

The neonatal Fc receptor (FCRn) is a major histgadibility complex class-1-related

receptor exerting a protective role regarding Ig®bolism. This specific intestinal transport
receptor not only mediates neonatal IgG absorptmrt, also regulates IgG homeostasis
(Brambell 1966). Mice genetically lacking expressiof FCRn demonstrated rapid 1gG
elimination with a rate increased up to 10-15 folMhile no change was observed in the
elimination of other immunoglobulins (Ghetie 19961a1997). Fab fragments that lack the Fc
domain making them incapable for FcRn binding, destrate shorter half-lives than intact
mADs, although the presence of the PEG molecute afects half-life. IgG binds FcRn via

the Fc portion, remaining in this complex steadtestas long as intracellular pH is mildly
acidic and being released at physiologic pH (Raghal95). Engineered mAbs should be

delivered in very large doses in order to signifiba alter serum 1gG concentration, due to
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the large quantity of endogenous IgG that is preseithe body. On the other hand, they
demonstrate altered (usually increased) affinityhtoman FcRns and thus altered (usually
decreased) elimination rates especially throughatiart of IgG Fc residues (Dall’Acqua
2002, Hinton 2006). Human FcRn selectively bindsnao IgG and this condition could
explain the rapid clearance of murine IgGs from harirculation (Ober 2001). Human IgG
1, 2 and 4 exhibit longer elimination half-lives3(weeks) than IgG3 (one week) due to a

higher affinity to FCRn.

Interaction of the mAbs with the target antigen (HY: role of the variable region

Interaction with the target antigen can affect ¢timmination rate of mAbs. This condition is
dose-dependent. Low mAb concentrations that do sabtirate the antigen, demonstrate
shorter half-life and subsequently a higher cleagaiate compared to endogenous IgG; as the
mMAD’s dose is increased and the antigen is progyedgssaturated, an increase in half-life and

decrease in clearance rate is observed.

Monoclonal antibodies targeting soluble antigensallg interact with the FcRn and undergo
a non specific clearance by the reticulo-endothsliatem. Monoclonal antibodies interacting
with membrane-associated internalizing antigensatestnate a different elimination process
characterized by internalization of the antibodyigen complex, followed by degradation of
the complex. In this case, the contribution of #migen to mAb’s clearance depends on
antigen concentration and distribution as well @erhalization and turnover rate (Tabrizi

2006, Wang 2008).

Role of F¢ receptors in the clearance of anti-TNF mAbs

FcyRs belong to the immunoglobulin superfamily anduicel phagocytosis and destruction of
opsonized microbes via complement dependent orb@dyi dependent cell-mediated

cytotoxicity. This family includes several diffeteisoforms, namely R&Rl (CD64), FqRIIA
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(CD32), FgRIIB (CD32), FgRIIIA (CD16a) and FgRIIIB (CD16b), which differ in their
antibody affinities due to their different moleauktructure. FgRl demonstrates the highest
degree of affinity with the IgG and #®IIB the lowest (Tabrizi 2006, Wang 2008). On the
other hand, different IgG isotypes such as IgG13 and 4, demonstrate unique recognition
and activation profiles, when interacting with wvars FgRs (Indik 1995). The above
mentioned characteristics regarding interactiorwbenh different FgRs with different IgG
isotypes could also affect pharmacokinetics andralece of the IgG mAbs from the cells of
the reticulo-endothelial system. For example, horgoms FeRIIIA-F/F158 polymorphism
led to more rapid elimination of opsonized red blaells coated with an anti-D 1gG3 mADb

by phagocytic cells in humans (Kumpel 2003).

Immune complexes containing mAbs can be elimindtedugh interactions with FRs.
Different couples of immune complexes can be fornmealde of TNF and mAbs, or of mAbs
and anti-mAbs (ATI or ATA). The clearance efficatsy likely related to the R&®Il and
FcyRIIl polymorphisms, hence leading to various clatiiconsequences depending on the

patient.
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STATEMENTS

TABLE 1: PRIMARY NON RESPONSE

Key messages

1. Approximately a 1/3 of patients do not show respoasid 2/3 do not achieve

remission.

2. When selecting patients with active CD (assessethfigmmatory markers and/or
lesion assessment), the absence of response ianmdreanges between 10 and 30%,

while it is around 40% in UC.

3. Maximal response rate is reached after 12 weeks

4. A broad range of “response intensity” exists ariresponse characterized by clinical

remission and tissue healing only occurs in a nitiynoif patients (around 30%).

5. Response rate may be influenced by disease locatm®ase duration, active

inflammation, strictures, disease type, anti-TNBaja@o-treatment

Questionsto be addressed in the future

=

What is the best definition of non response (datdgrming)?

2. What is the optimal induction regimen (dose, nun#et frequency of dosage)?

3. What is the real benefit of co-treatments?

4. What are the response rates when treating stmcf@D?

5. What are the response rates in refractory proetitis
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TABLE 2: SECONDARY NON RESPONSE

Key messages

1. Loss of response varies from around 50% per yegmdoebo-controlled trials to a

slightly more than 10% per year in smaller studies monocentric experiences (in

7]

which treatment optimization (including dose estiataand dose interval changes) i

allowed.

2. Factors that may influence loss of response incktdeoid and immunosuppressive

co-treatments

3. Treatment optimization with increased dose or &matl interval allowed recovering

response in 50-90% of the patients

4. The optimal method for dose optimization is yebédetermined

Questionsto be addressed in the future

1. What is the best definition of loss of response?

2. What is the impact of induction regimen on longreresponse and risk of loss |of

response?

3. What are the best optimization regimens (dose @&s@e interval shortening, re-

induction or co-treatment)?
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TABLE 3: PHARMACOKINETICS

Key messages

1. Elimination of monoclonal antibodies varies betweaedividuals and is most likely
influenced by immunogenicity (anti drug antibodiasy by differential clearance.
2. The therapeutic window concept postulates thatrestiold trough concentration |is
required for therapeutic efficacy.
3. The pharmacokinetics of monoclonal antibodies iemeined by three basic factors:
the mode of administration, drug half lives andkgrmough concentrations in serum
4. The serum level of the monoclonal antibody is digantly affected by antibody

formation

>

5. Loss of response to anti-TNF agents is only paiglained by antibody formatio
and immunogenicity; other factors including indiwa differences in drug clearance

are likely to play a role as well

Questionsto be addressed in the future

1. What is the correlation between concentrationhefanti-TNF agent in the serum and
in the inflamed tissue?

2. Are factors than immunogenicity influencing levefsanti-TNF in the blood?

3. Can the interplay between monoclonal antibodiesaartigiens (i.e. antigen saturation

and distribution) affect IgG metabolism?
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TABLE 4: IN CASE OF LOSS OF RESPONSE, DRUG TROUGH LEVELS AND ANTIBODY

MEASUREMENTSCOULD AID IN DECISION MAKING

1. In patients with undetectable drug levels, antibodasurement may be useful. Most
will likely have high anti-drug antibody titers assvitching the drug is probably the

best option

2. In patients with low to intermediate drug readoats,attempt to restore trough levels

by dose escalation or shortening infusion/injectidgarvals should be considered.

3. In patients with symptoms suggestive of active asedespite high trough levels,

disease reassessment including the use of CRRA, delmotectin, and/or imagin

(@)

should be performed.

4. If these patients have active inflammation and nfedtion, use of a compound with

another mechanism of action should be considered.
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TABLE5: IMMUNE AND NON IMMUNE CLEARANCE

Key messages

1. Anti-drug antibodies can lead to loss of responsmbéreasing drug clearance

2. Anti-drug antibodies are probably under-detected thutechnical shortcomings and

imperfect test timing

3. Monoclonal antibody humanization reduces antigénidiut is inferior to homology.
Human antibodies may be also immunogenic.

4. “Neutralizing” anti-idiotypic antibodies could ledd a complete or partial inhibitio

=]

of the anti-TNF mAbs binding to TNF

5. Scarce data exist on the role of co-existing PEGeoubes in clearance of biologjc

agents consisting of Fab fragments

6. Applying targeting mutations in certain positiomstbe Fc domain could influence the

interplay between the monoclonal antibody and FoRfcy receptors

Questionsto be addressed in the future

1. What causes formation of antibodies to anti-TNF oautonal antibodies in some
patients, but not in others?

2. How could we explain the differences between p#iewith high and low
concentrations of anti-drug antibodies?

3. What is the relative role of anti-drug antibodieslass of response?

4. What is the preferred technique to measure ang-dniibodies?
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5. How to prevent anti-drug antibodies formation? Wisatthe risk/benefit ratio of

concomitant treatments?
6. How should anti-drug antibodies presence directnoamagement?

7. Can optimization of the pharmacokinetic propertiemonoclonal antibodies produc

more efficient molecules regarding metabolism?
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