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EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs
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ABSTRACT

Treatment of rheumatoid arthritis (RA) may differ among
rheumatologists and currently, clear and consensual
international recommendations on RA treatment

are not available. In this paper recommendations for
the treatment of RA with synthetic and biological
disease-modifying antirheumatic drugs (DMARDs)
and glucocorticoids (GCs) that also account for
strategic algorithms and deal with economic aspects,
are described. The recommendations are based on
evidence from five systematic literature reviews
(SLRs) performed for synthetic DMARDSs, biological
DMARDs, GCs, treatment strategies and economic
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during the pastdecade, providing previously unfore-
seen therapeutic dimensions. New and highly
effective DMARDs have continued to emerge
until the most recent years—in particular, biologi-
cal agents which target tumour necrosis factor, the
interleukin 1 (IL-1) receptor, the IL-6 receptor, B
lymphocytes and T-cell costimulation.! In addition,
a chemical DMARD, leflunomide, has become
available and compounds which have been in use
for many decades, such as methotrexate (MTX)
and sulfasalazine (SSZ), as well as GCs, have been
re-examined in order to achieve better efficacy.
For example, the use of high dose MTX? and the

. [ UIUSG S, | s U ] N S S P U | [ E .



Final set of 15 recommendations for the management of RA

l

2

Treatment with synthetic DMARDs should be started as
soon as the diagnosis of RA is made

Treatment should be aimed at reaching a target of
remission or low disease activity as soon as possible in
every patient; as long as the target has not been reached,
treatment should be adjusted by frequent {every 1-3
months) and strict monitoring

MTX should be part of the first treatment strategy in
patients with active RA

When MTX contraindications (or intolerance) are present,
the following DMARDs should be considered as part of the
(first) treatment strategy: leflunomide, SSZ or injectable
gold



PeupatoAoyol kat MTX cav TTPWTN
emiAoyn oy PA

DiAavoia Nashville
1980 <5% <25%

2004 90% 90%



Efficacy of methotrexate in comparison to biologics

in rheumatoid arthritis
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ABSTRACT

This paper reviews trials comparing the
efficacy of MTX and biologic agents. So
far, the clinical evaluations of 9 biolog-
ics have been published. Three TNF
inhibitors — etanercept, adalimumab,
golimumab — and the IL 6 receptor
inhibitor tocilizumab have been inves-
tigated in MTX naive patients using a
parallel design. The trials had 3 treat-
ment arms:; monotherapies of MTX
and of the biologic compound, and the
combination of both. The other biolog-
ics — infliximab, certolizumab pegol,
anakinra, rituximab, and abatacept

mechanism of action. Nonetheless, all
trials confirmed a surprisingly good
performance of MTX in comparison
with biologics.

Introduction

This paper reviews trials comparing the
efficacy of MTX with that of biologics
in the treatment of rheumatoid arthritis.
So far, nine biologics have been clini-
cally evaluated in RA and are included
in this overview. These are five TNF-«a
inhibitors, one IL I receptor antagonist,
one IL 6 receptor inhibitor, one CD20+
B-cell inhibitor and one costimulation



MTX VS «BloAoyikoi»

« 2& MTX«naive» aobBeveic... AME2H
ouykplon JOvo Ta:

Etanercept
Adalimumab

Golimumab

Tocllizumab



[[ENIKA...

[Tapopola ATTOTEAECUATIKOTNTA KATA
ACR,EULAR

[TapOuoIa TTOO0CTA UPECNC
TayxuTtepn evapen dpaonc ol «BIOAOTIKOI»

KaBuaoTepouv TTEPIOCOTEPO TNV OKTIVOAOYIKN
eCEANICN



PdaiveTal ...

e MTX ehagppa avwtepn amd Adalimumab
 j00dUvaun pe Golimumab,ETA

« gapwc KaTwTtepn Tou Tocilizumab



€TTIONC...

* Kal n MTX eixe (-) aktivoAoyika scores...(EtTouAwon)

« TEMPO:oTa 3 £1n péon emodeivwon(katd Sharp score)
MTX 1.2%
etanercept(ETA) 0.4
(e1Ti OUVOAOU 448 units)

« ue probability plot(ITT) TToocooTé acBevwy e mdeivwon oTnV 3ETiA
MTX 20%
ETA 15%



OMQz...

* 2NMAVTIKN evioxuon dpaong «BlO» pe
mTpooonkn MTX'!

- yeiwaon evepyornTtac(ACR,EULAR)

- MEIWON aKTIVOAOYIKNG £CEANICNG



ME)\E’:TH ERA (...naive agbeveic oe MTX-early RA)

e 212 unvec  ACR 20 (1moocooTté aoBevwv)

MTX 65 %
ETA 2%
(p=0.16) !I!



MeAETn ERA

o 2¢ 24unvec OXI auvgnon Sharp score
(TToo00T6 0GBeVWV)

MTX 51 %
ETA 63 %



MeAétn TEMPO

* 686 pts (42% nonresponders MTX)
* Active RA (6.7 yrs)

« ETA MITX ETA+MTX



MeAétTn TEMPO
(atravinon aoBevov % ACR50)

MTX ETA MTX+ETA

Year 1 43 48 69
Year 2 42 54 /1
Year 3 44 46 6l



Efficacy of MTX versus biologics / R. Rau

years were not significantly different
between both monotherapies but were
significantly greater in the combination
group (Table I).

Within the MTX group, the propor-
tion of patients in clinical remission at
3 years was nearly doubled using the
completer analysis versus the ITT anal-
ysis with LOCEF, while in the etanercept
and combination groups the difference
between both analyses was only 30%
and 20%, respectively (Table II): more
patients were withdrawn with MTX
and therefore had less time to improve
with treatment.

The mean radiographic progression
over three years as measured with the
Sharp total score was 5.95 in the MTX
group, 1.61 in the etanercept group, and
-0.14 (95% CI -1.07,0.78) in the combi-
nation group. Again, the difference be-

Table I. Tempo trial: ACR responses (% of patients) over three years.

MTX Etanercept Combination
ACR response 20 % 0% T70% 20% 50 % 0%  20% 50% 10%
Year | 75 43 19 76 48 24 85 69 43
Year 2 71 42 21 75 54 27 86 71 49
Year 3 70 44 21 71 46 26 85 61 42

Table-I1. Tempo trial: DAS 28 Remissions (% of patients) over 3 years.

I'TT (LOCF) analysis Completer analysis

DAS28 <2.6 MTX Etanerc. Etan. + MTX MTX Etan. Etan. + M'T'X
Year | 17.1 17.5 38.1+F 21.8 22.0 4324
Year 2 18.9 22.4 42 4%* 25.6 29.6 53.7%4
Year 3 18.9 20.6 40.3+" 36.0 30.8 51.50

p<0.01 vs. MTX.
#p<0.01 vs. etanercept.

was increased in 11% of the combina
tion and 25% of the adalimumab mono

bination or continued MTX treatment.
As a result, patients treated with the



MeAétTn TEMPO
(atravinon aoBevov % ACR50)

MTX ETA MTX+ETA

Year 1 43 48 69
Year 2 42 54 /1
Year 3 44 46 6l



MeAétTn TEMPO
(atravinon aoBevov % ACR70)

MTX ETA MTX+ETA

Year 1 19 24 43
Year 2 21 21 49
Year 3 21 20 42



MeAétTn TEMPO
(atravinon aoBevov % DAS28<2.6)

MTX ETA MTX+ETA

Year 1 17 17 38
Year 2 19 22 42
Year 3 19 20 40



MeAétn TEMPO

( To000TO AOBEVWV PE OKTIVOAOYIKA UQEDN
META 3ETN aywyn)

MTX ETA MTX+ETA

51% 61% 716%™

*(p=0.05)



MeAetn PREMIER

799 MTX nalve pts

« Early RA (0.6-0.7yrs)

 ADA MTX ADA+MTX



MeAéTn PREMIER
(atr@vinon acBevwv % ACR50)

MTX ADA MTX+ADA

Year 1 46 41 62*

*(p=0.001)



MeAétn PREMIER
(amr@vinon acBevv % DAS28<2.6)

MTX ADA MTX+ADA

Year 2 25 25 49*

*(p=0.001)



MeAetn PREMIER

( TTOO0OTO 00BeVWYV UE AKTIVOAOYIKN UPeEON
META 2€TN Aywyn)

MTX ADA MTX+ADA
34% 45%* 61%**

*(p=0.001)
**(n=0.001)



OMWC OTIC UEAETEC. ...
o XaunAéc dooeic MTX(7.5mQ) apxika

* «AOJIKIEC» KATA TIC OTATIOTIKEG AVAAUCEIC AOYW
TTEPIOCOTEPWY dropouts oTIC opadec MTX

- Kai yla evepyoTnTa VOOOU
-KQi YIO OKTIVOAOYIKN €EEAICN

* AOCEIC PUAAIKOU OCEWC(MEIWON EvEPYOTNTAG)



MTX

Gold Standard



[110 ATTOTEAEOUATIKEC

* YWNAEC OOOEIC
* AInpnuEveC OOOEIC

* [Napevrtepikn xopnynon (early)



MTX

* 'Evapcn 15mg/ed (per os k™ split)
* Méxpil 25 — 30 mg/efd (15mg kKGBe pnva)

* Switch og uttodopla (VwpEIC)



ANO2OI'ONIKOTHTA

(Immunogenicity)



ANO2ZOI'ONIKOTHTA
(Immunogenicity)

e ....AvTIOWUATA EVAVTI CUYKEKPIMEVWV
PaApUAKWV...(ITpwTeEIVIKNS dOUNG)

« «BloAoyikoi» - “Biologicals”



" BIOLOGICALS”

«  dapuaxka — TTPoIdvVTa BioTexvoAoyiag
o  QuUOIKEC TTPWTEIVEC

- Oppoveg

- KuTtTtapokiveg

- AUENTIKOI TTOPAYOVTEC
 Karaokeuaopeva uopia

- AvTiowuarta

- TUAMATA AVTIOCWHATWYV
- NMPpWTEIVIKEC DOUEC



* 30 rouréxioTov AVTIOWHATA kai TTAPAYWYO
AVTICWUATWYV... Approved”

* O BioAoyikoi orpepa omv RA

6 NOVOKAWVIKA avTiIowuaTd
2 fusion proteins(ABT,ETA)



AlapopEC avoooaTtravTnong...

* €vavTl “native biologicals”

* Kai EvavTl “designed biologicals”



BIOAOI'IKOI

* (MigouvTal xopriynon ...cJBoAiwv)

* AuvnTika OAol o1 BioAoyIKoi €TTGyouVv
ANO2ZOIONIKOTHTA

« (ZTTOVIOTEPQ OI Native,aAAd...1rx
gpuBpoTroinTivn...)



 HAMA (Human Anti-Mouse Antibodies)

« HACA (Human Anti-Chimeric Antibodies)

* HAHA (Human Anti-Human Antibodies)






Light Chains: Basic structure of an Antibody

I. «
2. A

Light chain Variable region

Y-shaped
Hinge region: flexibility

Heavy chain Constant region

Heavy Chains:
a (IgA)
o (IgD)
& (IgE)
v (IgG)
u (IgM)

Nk =

IgG subclasses:
IgG,
IgG,
1gG;
IgG,



Anti-TmAD

(AVTIOWHATA EVOVTI BEPATTEUTIKWYV
UOVOKAWVIKWY AVTICWUATWYV)

2Uvnowg. ..

e AvVTI-1IOIO0TUTTIKA

Kal eTTopéEvwg. ..

* Neutralizing ( EcoudetepwTiKaQ)



ETTiTTTwon avoooyoviKOoTNTac. . .

e 2€ ATTOTEAEOHATIKOTNTA
( OEPATTEUTIKN Ao TOXIO )

* 2 QO0PAAcIa
(AAAEPYIKEG aVTIOPAOEIG)



AAMNEPVIKEC AVTIOPATEIC

» Oceiec...anaphylaxis
lgE-mediated TuTTOU |

* [0 oylpuec...
|C-mediated TutToU I



AAMNEPYIKEC AVTIOPATEIC

[TeploooTEPEG. ... 0€ a0o0eveic e uwnAoTEpPa
emmireda ATIs (pe v.Crohn)

Baert. NEJM 2003

Moodtnta kai ToidtnTa |C kabopilouv Tnv
avTidopaon

van der Laken ARD 2007



Dealing with immunogenicity of biologicals: assessment and

clinical relevance
Gerrit J. Wolbink?®, Lucien A. Aarden® and B.A.C. Dijkmans®®

3Jan van Breemen Institute, ®Sanquin Research and Purpose of review
“Vu-medical Center, Amsterdam, The Netherlands - : o - -
In the last decade, biologicals revolutionized rheumatology. An increasing number of

Correspondence to G.J. Wolbink, MD, PhD, patients benefit from biotherapeuticals. However, some patients do not respond to
Department of Rheumatology, Jan van Breemen - - S

institute, Dr Jan van Breemenstraat 2, 1056 AB treatment and others lose their response after a certain time. Immunogenicity is one of
Amsterdam, The Netherlands the factors linked to secondary nonresponse but its clinical significance has remained

Tel: +31 20 5896589; fax: +31 20 6834464;

e-mall: g.wolbink@janvanbreemen.n| controversial.

Recent findings

In recent years, knowledge of how to assess immunogenicity of biologicals has
improved. Various reports show an inverse relationship between drug levels and
antibody formation against the drug. Studies associated immunogenicity of therapeutic
antibodies with clinically significant nonresponse in a subgroup of patients. Clinically
relevant immunogenicity is influenced by several factors including dosing and

Current Opinion in Rheumatology 2009,
21:211-215

concomitant medication. It has been shown that immunogenicity against biologicals can
be persistent or transient.
Summary



Assessing immunogenicity...
(MEBOOOC)

 ELISA
* Two-site (bridging) assay

* Antigen binding test (RIA)



Assessing immunogenicity...
(timing) 1

« Half-life anti-IgG...... 3 €pB0O

. Half-life 1C....... TOAU LIKPOTEQN

e Yxéon TTOoOTNTAC Ag-Ab



Clinical response and
pharmacokinetics

Xopnynon Miag doonc infliximab —v.Crohn
HACAsS og 61% aoBevwyv

2. NMAVTIKN PEIWON TTOOOOTOU...OUVEXICOVTAC TIC
EYXUOEIC

[TepaitEpw peiwon cuyxopnyovrac MTX n AZA

Baert F. NEJM 2003



Antiinfliximab (ATIs) oe RA

Aoon 10 mg/kg...... ATls 7% aocBevwyv
Aoon 3 mg/kg...... ATls 21% aoBevwv
Aoon 1 mg/kg...... ATls 53% aoBevwyv

[Nepaitépw peiwon ye ocuyyxopnynon MTX
(0%,7%,15%)

Maini A&R 1998
Maini A&R 2004



Anti-TmAD

(AvTiIoWPOTA EVAVTI BEPATTEUTIKWV
MOVOKAWVIKWY AVTICWHATWV)

 H ouyxopnynon MTX peiwvel TNV
TTapaywyn Toug JEoWw. ..
-0QVOOOKATAOTOANG
-QvOO0aVvoxN¢



H cuyxopnynon MTX...

« Aucavel Ta emritreda 11.X Infliximab og RA
Kal v.Crohn Adyw...

- VOO OKATOOTOANG

- AVOO0aVvOXNG

- MEiwong TTapaywyns TNFa
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EXTENDED REPORT

Relationship between serum trough infliximab levels,
pretreatment C reactive protein levels, and clinical
response to infliximab treatment in patients with
rheumatoid arthritis

G J Wolbink, A E Voskuyl, W F Lems, E de Groot, M T Nurmohamed, P P Tak, ST
B A C Dijkmans, L Aarden @) JUINE

Ann Rheum Dis 2005;64:704-707. doi: 10.1136/ard.2004.030452

Objective: To investigate the relationship between serum trough infliximab levels and clinical response to
infliximab treatment in patients with rheumatoid arthritis (RA).
Methods: Disease activity and serum trough infliximab levels before and 2, 6, and 14 weeks after

See end of article for initiation of infliximab treatment at a dose of 3 mg/kg in a cohort of 105 patients with RA were assessed.
authors’ affiliations Serum trough infliximab levels in responders and non-responders were compared. Additionally, the
----------------------- clinical responses of patients with high, intermediate, and low serum trough infliximab levels at 14 weeks
Correspondence to: were compared.

Dr G J Wolbink, Dr Jan Results: After 14 weeks of treatment non-responders had lower serum trough levels of infliximab than
‘]’%’ggrggm::i:;r‘é*oﬁ; The responders (median (interquartile range) 0.5 (0.2-2.2) v 3.6 (1.4-8.2) mg/|; p<<0.01)). Patients with low
Netherlands; g.wolbink@ ~ S€rum trough infliximab levels at 14 weeks had significantly less improvement in the 28 joint count Disease
janvanbreemen.nl Activity Score (DAS28) score than patients with infermediate or high serum trough infliximab levels at

14 weeks. Pretreatment C reactive protein (CRP) levels correlated negatively with serum trough infliximab

/;\cscepttedb 2004 levels ot 14 weeks after the start of treatment (Spearman rank correlation r,=—0.43, p<0.001).
PubTiF;P?;nd gnline First Conclusion: Serum trough levels of infliximab correlate with the clinical response to treatment with
14 October 2004 infliximab and pretreatment CRP levels. This study indicates that patients with high pretreatment CRP levels
....................... might benefit from higher dosages of infliximab or shorter dosing intervals.

-I-he efficacy of infliximab as a treatment for patients with observational study. Patients were enrolled at the depart-
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Development of Antiinfliximab Antibodies and Relationship to
Clinical Response in Patients With Rheumatoid Arthritis

Gerrit Jan Wolbink,' Marijn Vis,” Willem Lems,? Alexandre E. Voskuyl,” Els de Groot,*
Michael T. Nurmohamed,® Steven Stapel.* Paul P. Tak.® Lucien Aarden,* and Ben Dijkmans’®

Objective. Treatment of patients with infliximab,
a chimeric monoclonal IgG1 antibody against tumor
necrosis factor, may result in the formation of
infliximab-specific IgG antibodies. This study evaluated
the clinical significance of these antibodies in patients
with rheumatoid arthritis (RA).

Methods. Antiinfliximab antibodies were mea-
sured using a newly developed radioimmunoassay in a
cohort of 51 consecutive patients with RA treated with
infliximab, with a followup of 1 year. In addition, serum
infliximab levels were determined by enzyme-linked
immunosorbent assay. The results were analyzed in
relation to the clinical response to treatment according
to the European League Against Rheumatism criteria.

Results. Antibodies against infliximab were de-

imab antibodies within the first year of treatment. This
seems to be clinically relevant, since development of
antiinfliximab antibodies is associated with a reduced
response (o treatment.

Treatment with infliximab provides great benefit
to many patients with rheumatoid arthritis (RA) (1-3).
However, some patients have persistent active disease
and others show loss of efficacy after prolonged treat-
ment. Infliximab can induce the formation of antibodies
to infliximab that may lead to side effects and loss of
efficacy. Development of antibodies to infliximab is
related to the dose of infliximab and is diminished by
concomitant treatment with methotrexate (MTX) (1).
To what extent formation of antibodies to infliximab
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Figure 3. Trough levels of infliximab in the serum ([), levels of
antiinfliximab (), and the Disease Activity Score in 28 joints (DASZS)
(©) in a rheumatoid arthritis patient treated with infliximab. After an
initial improvement of disease activity, the patient had a relapse ot
disease activity that coincided with a decrease in the serum trough
levels of infliximab and an increase in the antiinfliximab titer. AU =
arbitrary units.



Antiinfliximab (ATIs)oe RA

2TIG 52€PB0 ...22 aobeveig(43%)
- XaMNAO infliximab
-uynAa ATls
3 (a1rd Tou¢ 22) infusion reactions
ATIls ouxvoTepa o€ non-responders (p=0.04)
Emitreda infliximab:
- risponders 12,7 mg/|
- non-risponders 0.02 mg/I

Vries,Wolbink ARD 2007
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Decreased clinical response to infliximab in ankylosing
spondylitis is correlated with anti-infliximab formation

Mirjam K de Vries, Gerrit Jan Wolbink, Steven O Stapel, Henk de Vrieze, J Christiaan van Denderen,
Ben A C Dijkmans, Lucien A Aarden, Irene E van der Horst-Bruinsma

Objectives: Correlation of serum trough infliximab levels and
antibodies to infliximab (anti-infliximab) with clinical response
in ankylosing spondylitis.

Methods: In accordance with the infernational ASsessment in
Ankylosing Spondylitis (ASAS) consensus statement, patients
were treated with infliximab (5 mg/kg) every 6 weeks after a
starting regimen. Preinfusion sera were collected at baseline,
24 and 54 weeks. At every visit, the 20% improvement
response (ASAS-20) was assessed and laboratory fests
performed.

Results: 24 of the 38 (63%) patients fulfilled ASAS-20 response
criteria after 24 weeks of treatment and 21 (53%) after
54 weeks. After 54 weeks, 11 (29%) patients showed unde-
tectable serum trough infliximab levels and detectable anti-
infliximab; six of these patients developed an infusion reaction.
Anti-infliximab was found significantly more often (p=0.04) in
ASAS-20 non-responders compared with responders at week
54. Serum trough infliximab levels were significantly
(p<<0.0001) lower in patients with (mean 0.02 mg/I) than in
those without (12.7 mg/I) anti-infliximab.

Conclusions: In ankylosing spondylitis, high levels of serum
trough infliximab correlated with a good clinical response.

Ann Rheum Dis 2007;66:1252-1254. doi: 10.1136/ard.2007.072397

Discase activity was measured with the Bath Ankylosing
Spondylitis Discase Activity Index (BASDAI)®* and the
ASsessment in Ankylosing Spondylitis 20% response criteria
(ASAS-20).” Active disease was delined as a BASDAI score =4.
Response to treatment with infliximab was defined as fulfil-
ment of the ASAS-20 response criteria.

Patients with ankylosing spondylitis were treated with
intravenous infliximab, 5 mg/kg bodyweight at baseline, weeks
2 and 6, and cvery 6 weeks thereafter. This treatment was
initiated in accordance with the international ASAS consensus
statement.” In case of decrease of clinical response, the dose of
infliximab was increased to 7.5 mg/kg.

At cach visit, the presence of infections, side-effects or
infusion reactions, and the cause for discontinuation ol therapy
were recorded. Questionnaires and routine laboratory tests
were obtained. Preinfusion sera were collected at baseline,
weeks 24 and 54, before any dose escalation and at two
consecutive visits after dose escalation. After 24 weeks of
treatment, serum samples were collected from 15 patients to
measure infliximab levels 2 weeks after the infliximab infusion.

Validated immunoassays (Sanquin Research, Amsterdam, the
Netherlands) were used for detection of anti-infliximab and
serum trough infliximab levels.” Trough serum infliximab levels

wore meactirad hu ETTCA hacad an the nrincinla that inflivimah ic




ASAS 20 response (%)

100

Ln
-

p<<0.001

No anti-infliximab Anti-infliximab



Antiinfliximab (ATIs)og AS

2TIG 54 €30 ...11 aoBeveig(29%)
- XaMNAO infliximab
-ugpnAa ATls

6 (atrd Toug 11) infusion reactions
ATIls ouxvoTepa o€ non-responders (p=0.04)
Etritreda infliximab:

- risponders 12,7 mg/|
- non-risponders 0.02 mg/I
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adalimuma

onse to adalimumab: relationship to anti-

Clinical resE

antibodies and serum adalimumab
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Background: A substantial proportion of patients with rheumatoid arthritis (RA) do not respond, or lose initial
response, to adalimumab treatment. One explanation for non-response is that patients develop anti-
adalimumab antibodies.

Obijectives: To evaluate the incidence of formation of antibody against adalimumab and the association with
serum adalimumab concentrations and dlinical response.

Methods: In a cohort of 121 consecutive patients with RA treated with adalimumab, serum adalimumab
concentrations and antibodies against adalimumab were measured together with clinical response variables
before and up to 28 weeks after the start of treatment.

Results: Anti-adalimumab antibodies were detected in 21 patients (17%) during 28 weeks of treatment.
EULAR non-responders had antibodies significantly more often than good responders (34% vs 5%;
p=0.032). Patients with antibodies showed less improvement in disease activity (mean (SD) delta DAS28
0.65 (1.35)) than patients without antibodies (mean delta DAS28 1.70 (1.35)) (p=0.001). Patients with
antibodies during follow-up had lower serum adalimumab concentrations ot 28 weeks than patients without
antibodies (median 1.2 mg/l, range 0.0-5.6 vs median 11.0 mg/l, range 2.0-33.0, respectively;
p<0.001). Good responders had higher serum adalimumab concentrations than moderate responders
(p=0.021) and non-responders (p=0.001). Concomitant methotrexate use was lower in the group with anti-
adalimumab antibodies (52%) than in the group without antibodies (84%) (p=0.003).

Conclusions: Serum antibodies against adalimumab are associated with lower serum adalimumab
concentrations and non-response to adalimumab treatment.
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Decreased clinical response to
adalimumab in ankylosing
spondylitis is associated with
antibody formation

Treatment with anti-tumour necrosis factor (TNF) is very
effective in most patients with ankylosing spondylitis (AS), but
inefficacy occurs in about 40% of cases." Antibody formation
against TNF blocking agents is an increasingly recognised
problem;? however, no data have yet been reported on antibody
formation against adalimumab (anti-adalimumab) in AS. Lack
of response can be explained in two ways: (1) TNF might not be
important for disease activity in certain patients; and (2) TNF
inhibition might be insufficient. The latter could be caused by
excessive production of TNF, low compliance of the patient,
insufficient dosing or an enhanced clearance of adalimumab due
to antibody formation. Adalimumab is a fully human mono-
clonal antibody against TINF but, despite this fact, an immune
response still can be provoked by the antigen binding site also
known as the idiotype. In previous studies we have described
the problem of immunogenicity of TNF blocking drugs in
patients with rheumatoid arthritis (RA),® in patients with AS
treated with infliximab* and in patients with RA treated with
adalimumab,” and concluded that the presence of antibodies
against infliximab or adalimumab was associated with low or

st Adntactalkhla casiima lasale AF GnmFlivima sl Ae adalivmiimaalh asd

m No anti-adalimumab
o Anti-adalimumab

p=0.012
100 —
75 —
X
w
¥ 50 —
2
o
o
25 —|
0_

Responders

Non-responders

Figure 1 Relation between the presence of anti-adalimumab and
response of ankylosing spondylitis to treatment with adalimumab.

adalimumab levels were determined with an ELISA and anti-
adalimumab was measured with a validated antigen binding
test. The assays used were similar to those described previously
for the detection of infliximab levels and antibodies against
infliximab.*

Thirty-five patients were included. After 6 months of
treatment, 18 were ASAS responders (table 1). Within 6 months
of treatment, 11 patients developed anti-adalimumab with low
or undetectable adalimumab levels, 9 were ASAS non-respon-
ders (p=0.012) and 1 had an allergic reaction with flushing,



"WU University Medical Center,
Amsterdam, The Netherlands;
2Sanquin Research,
Amsterdam, The Netherlands;
3 Jan van Breemen Institute,
Amsterdam, The Netherlands

Correspondence to:

Mirjam K de Vries, VU University
Medical Center, Rheumatology
Department, Room 3A-64, P.0.
Box 7057, 1007 MB
Amsterdam, The Netherlands;
mk.devries@vumc.nl

Accepted 9 March 2008
Published Online First
28 March 2008

Immunogenicity does not influence treatment with
etanercept in patients with ankylosing spondylitis

M K de Vries," | E van der Horst-Bruinsma," M T Nurmohamed,'? L A Aarden,’
S 0 Stapel,? M J L Peters,"* J C van Denderen,®> B A C Dijkmans,' G J Wolbink*?

ABSTRACT

Background: Immunogenicity, specifically the onset of
antibodies against tumour necrosis factor (TNF) blocking
agents, seems to play an important role in non-response
fo treatment with these drugs.

Objectives: To assess the relation of clinical response of
ankylosing spondylitis (AS) to etanercept with etanercept
levels, and the presence of antibodies to etanercept.
Methods: Patients with AS were treated with etanercept
25 mg twice weekly, according to the international
Assessment in Ankylosing Spondylitis (ASAS) working
group consensus statement. Sera were collected at
baseline and after 3 and 6 months of treatment. Clinical
response was defined as a 50% improvement or as an
absolute improvement of 2 points on a (0-10 scale) Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI)
score. Functional etanercept levels were measured by a

this failure could be the formation of antibodies,
which results in lower or undetectable serum levels
of the biological agent.

For etanercept, however, it is unclear whether a
relation between clinical response and the forma-
tion of antibodies is present in patients with AS. In
addition, many questions concerning immunogeni-
city have not yet been answered and different
methods of detection of anti-etanercept antibodies
are being used, which makes the results difficult to
compare.® °

In our previous studies, we demonstrated a
correlation between clinical response and serum
trough infliximab levels, adalimumab levels and
the onset of antibodies against these drugs.”® In
this study, we used the same approach as in our
previous studies to investigate the relation
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Patients non-responding to etanercept obtain lower
etanercept concentrations compared with responding

patients

A Jamnitski,! C L Krieckaert," M T Nurmohamed,'? M H Hart,2 B A Dijkmans,'

L Aarden,? A E Voskuyl,® G J Wolbink'2

ABSTRACT

Objective To investigate the relationship hetween
serum etanercept levels and clinical response.

Methods In 292 etanercept-treated patients with
rheumatoid arthritis clinical and pharmacological data
were determined at baseline and after 1, 4 and 6 months
of etanercept treatment. Differences in etanercept levels
between good, moderate and European League Against
Rheumatism (EULAR) non-responders were assessed
after 6 months of therapy.

Results After 6 months of therapy etanercept levels
were significantly higher in good responders (median
(IQR) 3.78 (2.53-5.17)) compared with bath moderate
3.10 (2.12—4.47) and EULAR non-responders 2.80 (1.27—
3.93) (all p<0.05). There was a significant association
between clinical response and serum etanercept levels
(regression coefficient 0.54, 95% CI 0.21 to 0.86,
p=0.001). When patients were categorised into quartiles
according to the height of etanercept levels, the lowest
quartile (etanercept level <2.1 mg/l) comprised 40%

of all non-responders. The highest quartile (etanercept
level =4.7 mg/l) comprised 35% of all good EULAR
responders. Anti-etanercept antibodies were detected in
none of the sera.

Conclusion The authors demonstrated that lower

found between etanercept drug levels and clinical
response. ¢ Furthermore, antibodies against etan-
ercept, all non-neutralising, were measured in less
than 2% of the patients.>!0 In rheumartoid arthri-
tis (RA) patients, a lower response to etanercept
was associated with high levels of disability, the
presence of IgM rheumatoid factor and etanercept
monotherapy.!! 12

Although a personalised treatment strategy has
been proposed for patients treated with TNF inhib-
itors,? 9 the clinical consequence of monitoring cir-
culating etanercept levels is not yet clear. Therefore,
we aimed to investigate the association between
circulating etanercept levels and clinical response in
a large cohort of etanercept-treated RA patients.

PATIENTS AND METHODS

Study population

The study population consisted of patients with RA,
all treated with etanercept, included in an obser-
vational cohort. Inclusion criteria for this cohort
were RA according to the American College of
Rheumatology 1987 criteria,'® age 18 years or older,
failure on at least two disease-modifying antirheu-
matic drugs including methotrexate!® and active
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Development of Antidrug Antibodies
Against Adalimumab and Association

With Disease Activity and Treatment Failure
During Long-term Follow-up
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Context Short-term data on the immunogenicity of monocional antibodies showed
associations between the development of antidrug antibodies and diminished serum
drug levels, and a diminished treatment response. Little is known about the clinical
relevance of antidrug antibodies against these drugs during long-term follow-up.

Objective To examine the course of antidrug antibody formation against fully hu-
man monoclonal antibody adalimumab and its clinical relevance during long-term (3-
year) follow-up of patients with rheumatoid arthritis (RA).

Design, Setting, and Patients Prospective cohort study February 2004-
September 2008; end of follow-up was September 2010. All 272 patients were diag-
nosed with RA and started treatment with adalimumab in an outpatient clinic.

Main Outcome Measures Disease activity was monitored and trough serum samples
were nhtained at haceline and 8 time nnints tn 156 weelks. Serum adalimumab con-
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imab, adalimumab, and natali-
zumab.'” Most studies were of 6 to 12
months’ duration and showed that the
presence of antidrug antibodies was as-
sociated with low to absent serum drug
levels and a diminished treatment re-
sponse, or even exacerbation of the un-
derlying disease. These associations
raise questions regarding the extent to
which antidrug antibodies influence
treatment response or, in other words,
how clinically relevant the develop-
ment of antidrug antibodies is. In ad-
dition, how the presence ol antidrug
antibodies should direct clinicians’
management has been a subject ol de-
bate.® These questions can be applied
to all diseases in which biologic thera-
peutics are used.

1460 JAMA, April 13, 201 1—Vol 305, No. 14

mumab antibodies more often discontinued participation due to treatment failure (n =29
[38%]; hazard ratio [HR], 3.0; 95% Cl, 1.6-5.5; P=.001) compared with antiadali-
mumab antibody—negative ones (n=28 [14%]). Ninety-five of 196 patients (48 %) with-
out antiadalimumab antibodies had minimal disease activity vs 10 of 76 patients (13 %)
with antiadalimumab antibodies; patients with antiadalimumab antibodies less often had
sustained minimal disease activity score in 28 joints (DAS28) (<<3.2; HR, 3.6; 95% Cl,
1.8-7.2; P< .001) compared with antiadalimumab antibody-negative ones. Three of 76
patients (4%) with antiadalimumab antibodies achieved sustained remission compared
with 67 of 196 (34%) antiadalimumab antibody-negative ones; patients with antiadali-
mumab antibodies less often achieved remission (DAS28 <<2.6; HR, 7.1, 95% Cl, 2.1-
23.4; P < .001) compared with antiadalimumab antibody-negative ones.

Conclusion Among outpatients with RA in whom adalimumab was started over 3 years,
the development of antidrug antibodies was associated with lower adalimumab concen-
tration and lower likelihood of minimal disease activity or clinical remission.

JAMA. 2077,305(14):1460-1468 WWW.jama.com
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Methotrexate reduces
Immunogenicity in adalimumab
treated rheumatoid arthritis
patients in a dose dependent
manner

Immunogenicity of adalimumab could impair important
treatment outcome parameters in patients with rheumatoid
arthritis (RA). Patients who developed antiadalimumab anti-
bodies (AAA) during a 3 year time period achieved less often
minimal disease activity or remission and treatment failure
occurred more often compared with patients without AAA.!
There were remarkable baseline differences: patients develop-
ing AAA had more long-standing, severe disease and less often
used concomitant medication including lower doses of meth-
otrexate (MTX), compared with patients not developing AAA.
In literature, a favourable effect of concomitant MTX use on
the immunogenicity of adalimumab for several inflammatory
conditions is suggested.?

anntheundis 2012201544

discontinued.® Additionally, in ankylosing spondylitis
patients with axial symptoms there is no proof for efficacy
of MTX 4

In a murine Pompe disease model, low dose administra-
tion of MTX (0.5 mg/kg) within 24 h after enzyme replace-
ment treatment induced a significant reduction in antidrug
antibody formation.® In this model, 0.5 mg/kg, administered
three times, represented a human dose of 0.6 mg/week for a
5 kg infant, which is lower than the MTX dose prescribed for
the treatment of adult RA .5 Furthermore, this model showed
that MTX should be initiated at the start of the immunogenic
therapy because with MTX therapy it was not possible to abol-
ish ongoing antidrug antibody formation.”® In a human study
with infliximab treated RA patients, 7.5 mg MTX weekly was
sufficient in reducing immunogenicity of infliximab; how-
ever, in that study there was no comparison with other MTX
doses.”

The mechanism whereby MTX acts on the immune response
remained unsolved; however, we hypothesise that suppres-
sion of early T and B cell expansion might be responsible for
the modulation of the immune response. Others hypothesise
that there is an additional or synergistic effect because MTX
reduces inflammation whereby drug levels and response rates
are increased.®
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Figure 1 Percentage of patients developing antiadalimumab
antibodies (AAA) per baseline methotrexate (MTX) dose group. No
MTX (0 mg/week, n=70), low dose MTX (5-10 mg/week, n=40),
intermediate dose MTX (12.5-20 mg/week, n=>54), or high dose MTX
(222.5 mg/week, n=108).
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Figure 1. Percentage of Antiadalimumab Development Over Time
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Figure 2. Median Adalimumab Concentrations Over Time
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Figure 4. Overall Patient Dropout and Dropout Due to Treatment Failure
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Figure 5. Sustained Disease Activity and Remission in Patients With and Without Antiadalimumab Antibodies
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Switching kai....

* [MTapouacia avTICWPATWY

* ETTiTreda papuaxkou

Bartelds ARD 2010
Jamnitski ARD 2011



Immunogenicity-KAIVIKN\ onuaacia

e AD meavérara ot kéBe BioAoyiko

« Emnpedalouv TNV dnuIoupyia Touc:

- n doon

- Ta ouyxopnyoupeva eappaka(MTX)
-n doun Tou BloAoyikou

-YEVETIKOI TTapAayovTeG(HLA)



ETropevwce...(1)

e 2NUAVTIKN N ouyxopnynon MTX
* lowc¢ uwnAoTepec 0OaeIC BioAoyikou

* (lowcg ouyxopnynon MTX kai og AS,PsA)



ETTopevwe...(2)

* Avaykn yia “drug monitoring”

* OXI xopriynon BioAoyikwv Baocliopyévn oTO
“‘one size fits all”

* ATTOQAOCEIC VIO aAAayn TOUC(KaI ETTIAOYI
QAVTIKOTAOTATN) OXI HOVO “KAIVIKWC”



Evapén antl-TNFog aoBeveic pe RA

e 2uyva...Primary Nonresponders

* 2UVNOWC...aucnon 00oNC 1 augnon
GUXVOTNTAG XOPNyNnong

* [1oAAoi kai TTaAl....Non responders



* [1oAAoi a1’ auTtoUcC...YWnAd eTTitreda anti-

* AAANOI XaunAaQ eTTiTTeda papuaKouU Kal
YWnAa emmimmeda avtiowpatwy !!



ETuEvovTac...

* QTTWAEIO XpOVOU
*  XPNHarog

. risk



ETTopEvwc...(3)

E¢atopikeuuevn Bepartreia BaociopEvn O€:

- perpnoeic ENEPITOTHTAZ vooou (11.x DAS28)

- oAAG Kal peTpRoeig emmédwv PAPMAKOY

- Kal yeTpRoeig emITTEdWV ANTIZQOMATQN



Towc...otav Ab(-)

e 2& aobeveic (responders) ye upnAa etTitTeda
POAPUAKOU ...aU¢NON TWV JHECODIACTNUATWY

Xxopnynong

« 2€ aobeveic (nonresponders) ye xapnAa
EMTEdA  PAPUAKOU...aucnon TNG 00oNng Tou



Towc¢...oe non-responders pe Ab(+)
KAl XaunAQ €TTiTeda PApUAKOU

* ANy o€ TTapopolou TUTTOU Bepartreia
OAAQG DIAPOPETIKNG TTPWTEIVIKAC OONNG
(tTr.X a1ro Infliximab o€ etanercept n
adalimumab)



Towc...og non-responders
UE UWPNAQ ETTITTEOA PAPUAKOU

» Switching o€ BloAoyIkO TTapayovTa 1Tou
Op& o€ DIAPOPETIKO «hOVOTTATI» (pathway)
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EDITORIAL

[s There a Need for Immunopharmacologic Guidance of
Anti-Tumor Necrosis Factor Therapies?

Klaus Bendtzen

The last decade has seen a revolution in the injections of nonself proteir
treatment of patients with inflammatory rheumatic dis- with clinicallv overt side eff



Start of anti- TNF biotherapy

Early clinical outcome (after 2-3 months)
Assays for: Primary nonresponders Responders
Anti-TNF activity: High Low High Low
Change to
non-anti-TNF brvhersify I::m Continue
therapy s |
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irrational to 'try’ ancther TNF-inhibitor,

Earfy shift to effective therapy.




Late clinical outcome (after e.g. 6 months)

Secondary nonresponders Responders
Anti-TNF activity: ~ High Low High Low
Anti-drug antibody: l —. " 1 o +
Change 10 Change to ' o
non-am:-TNF Imensify o::il::‘:' irm'y Continue (remissiond)

frrational 1o ‘try’ another TNF-inhibitor
shift to effective therapy.
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AvoooyovikoTnTa BioAoyikwyv...0edouEvn
Standardization pe8odou pETpnoNng
Consensus yia timing YETPNONG

Monitoring emmmedwyv papuakou (TmMAD) kai
avTiowpaTtocg (anti-TmAD)

ZUYXOpf]Yf’]Of’] katdAnAng déong MTX
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Immunoglobulin Structure: Fc and Fab regions are functionally distinct

Proteolytic cleavage by papain

Fab

T =
N

Proteolytic cleavage by pepsin

pFc’

Immunobiology: The Immune System in Health and Disease. 5th edition

Fab: fragment, Ag binding

Fc: fragment crystallizable

Rodney R. Porter
(1917-1985)
Nobel Prize in Medicine 1972



