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Abstract

Immunotherapy has improved considerably the treatment outcomes in rheumatoid arthritis (RA). Tumor necrosis
factor (TNF)-a antagonists have been widely used for the treatment of RA such as infiximab, etanercept, adalimumab
and the recent two new TNF-a inhibitors - certolizumab pegol and golimumab. Infiximab, a chimeric monoclonal
antibody, binds with high affnity and specifcity to human TNF and cancels out its biologic activity. Etanercept is
also monoclonal antibody, but it is a solute protein. Adalimumab is a recombinant human IgG monoclonal antibody
specifc for human TNF-a. Infiximab, when used in combination with methotrexate (MTX), provides signifcant,
clinically relevant improvement in physical function and quality of life, inhibits the progressive joint damage, and
sustains improvement in the signs and symptoms of patients with RA. Etanercept monotherapy is effective and
safe for patients with RA. Combination therapy with etanercept and MTX reduces disease activity, decreases
total joint score progression, slows the pace of joint destruction, and improves function more effectively than does
either monotherapy. Adalimumab with or without MTX also relieves the signs and symptoms of RA. Certolizumab
pegol and golimumab expand the therapeutic schedule for patients with RA. All the TNF-a inhibitors have similar
effcacy in clinical treatment, but they have distinct clinical pharmacokinetic and pharmacodynamic properties that
must be considered when selecting a drug for therapy. The common adverse events of these TNF-a antagonists
include adverse reactions, infections, injection-site reaction and so on. And these adverse events are mostly mild
or moderate and the incidence is low. Some patients show a lack of response to anti-TNF-a therapies, either due
to the lack of drug effcacy or following the development of adverse events. These patients may discontinue the
frst drug and switch to a second anti-TNF-a agent. The shortage of clinical response to one agent may not predict
defciency of response to another. This review mainly addresses the latest development of these biological agents
in the treatment of RA, including clinical effcacy, physical function, radiographic progression and adverse events.

morbidities amch as heart disease and strok,e It is absohte%ll necessay
that eag] intey ention in patient§ ith condrmed RA to presey e joint
dmnction [3-5].

Non-steroidal  anti- iJ ammato‘y ddgs (NSAIDs) and
ghcoco;tlcmds aremsed to control pain and in' ammatog process [6].
A er dedned the diagnosis of RA, patients are gj en disease-modif ing
antirhewmatic dumgs (DMARDs),  hich redmce signs and § mptoms
of the disease, and can inhibit in radiographic progression {6]. While
map RA patients do respond to DMARDs, a large proportion of RA
reniained acfj e despite amch treatments. “W¢ approach of targeting
¢ tokines has dramaticall imprg ed the ucd?sg in the treatment
of RA. Fj e TNF- ¢ inhibitors are g ailable, in' I imab, etanercept,
adalinommab [7-10], golimmmab and certolismmab pegol, in the clinical
application.

“Wjs paper foamses on hg these agents hg e d¢ eloped in the
aspect of their e~edts on § mptoms (¢ almated le American College
of Rhmmatolog [ACR] response criteria), stumcimre (in the light of
the erosion, joint-space narrg ing, and Sharp scores), and p}y sical
dmnction (based on standardized gmestionnaires amch as the Health
Assessment Qmestionnaire [HAQ]).

Tumor necrosis factor-a antagonist

TNF- ¢isan important ¢ tokine that mediates irrl' amqation inRA.
Elg ations of TNF- c’.lg el h@ e been obse‘( edi 1n‘§ ng ial lumid and the
§ ng wmm Yf patientg, ith RA [11]. TNF-€plg s'a e central role in
dyj ing a infammation and associated bone d‘egradation [12]. Becamse
it has an in'wmence on, arioms cell in é ng ial membrane, emch as
§ ng 105 tes, macrophages, chondrog tés and osteoclastsw hich can
prodmcé metalloproteinas, collagenase, stromql sin and so on, resmlt
in local
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infmsion and has a terminal half-life of 8 to 10 dg s. Hence it is
administered ¢ o 4to§ eeksand the dosage lies bgt een 3 to 5 (to
10) mg/kg.

we e of in } imab, ith MTX has been demonstrated in
s¢ eral trials (Tablel). Patients rece,i ing combination therap achie ed
ob iamg] higher median imprg ements in ACR-N than those in the
MTX plas placebo gromp [16-1§, In addition, the clinical e=edg is
similar in di=etént dosage of in 1 imaﬁ' romp [16-18]. In termis of
radiographic image, the combination of in' 1 imab and MTX pr¢ ented
the ra(!'Qigraphlc progression and led to lasting clinical amelioration
[16]. imab treatment inhibited progression of joint damage ¢ en
in patients take lp of MTX in the RISING shd [18]. Compared
ith the MTX-on] -treated patients, both erosions afffi_joint space
narrg ing o iosig] redmcedffrom baseline in the in 1 imab plms
MTX-treated patients € cept in' 1 imab 3 mg/kg ¢ 8 eeks. “were
erefe erng | eroded joints per patient in the in 1 1mab pls MTX
treatment gramps than in the MTX- 01\,1 gramp [17]. “we smdies le St
Clair EW 1lﬂ§gated that HAQ scores accelerated more in the gramp
condmcted in' I imab than in the gramp recgj ing MTX alone [16].

W

We most common ad erse ¢ ents fomnd in clinical trials of
i 11mab inclmded infmsion reactions, infection. “wg therap of
in' 1 imab might increase the risk of malignancies dmmors and
cardlg asamlar [19]. “W¢ incidence of seriams infections, aamte infmsion
r%tions, and death, as similar bef een patients treated ith
in' 1 imab ples MTX and those adopted MTX on] [17]. Among the
seriamstnfections, pnammonia, imberamlosis ocamrfed more fregment]
inthein' T imab-treated patients than in those treateq, ith MTX alohe
[16,19].

Etanercept

Etanercept 1s‘€1 genetical,l engineered protein consisting of Lo
moleamles of the € tracelmldr domain of TNF receptqr II (p75) and
the Fc portion of IgG1 [20]. Q e to its half-life of appro imate] 3-5.5
da s, etanercept is administered ubmtanemsvl (s. ¢ elther eeld
(50mg) or,§ icegq eek (25mg) [21]. ‘

we uperiorivt of the combination therap of etanercept plms
MTX ¢ er etanercept or MTX monotherap in patients, ith RA
has been demonst;:ated (Table 2) [22-24]. “wg 2v ear data from the
TEMPO sim¢ condrmed that apparent] larger pfoportion of patients
treated, ith’combination therap achig ed the clinical response than
that recgj ing either monotherag [22]. Moreg er, the combination-
treated patients had predomman(,l lp ererosion change scores (-0.67)
than patients treatect ith etanercept alone (0.39) or MTX alone (3.25)
[25]. ~werefore, treatmen, ith a combination of etanercept and MTX
halted joint damage and patients achi¢ ed disease remission [25].
Smstained e!d{, and decreased rate of radiographic progression
gained in patiénts, ith ear] aggresgi e RA, houmse long-term
treatment, ith etanercept [26]. Patients adopted combination therap
enhanced greaf] in #mnction staims than in gramp of monotheraj
[27]. Additiong] , etanercept 50 mg oncg,  eek] is an optimal in mdst
patients, ith RA. Increasing the dosage of ‘etanercept from 50mg
once 3, eek to 50 mg f ice a, eek in amboptimal responders did
not dramatlcalvl 1mpr9 e response rates [28]. “Were, as no ok) ioms
1mpr9 ement 'bet een etanercept as monotherap at 50 mg o ice
eeld and 25 mg J ice, eel;ll ith regard to thé safef and e=edg
[29 ‘ '

Injection-site reactions and b pertensiory ere more commog, ith
etanercept thark ith MTX or, ‘ ith combination therap [22]. “wese

¢ ents, ere most] mild or moderate. Namsea and, omiting, ere
more 0 en conce;:ne(i ith MTX thay, ith etanercept or combination
therap . No 51gn11 cant dimetenceg, ere seen among the gramps in the
incidénce of seriams ad erse¢ ents (infectioms and noninfectioms) [22].

In ewmmay , etanercepf, as benedt for patients, ith RA. Bmt the
combination of etanercepy, ith MTX is emperior to a montherap  ith
each dumg. “W¢ combination regimen can redmce disease acfj if , slg
radiographic progression and imprg e fmnction. hmrthermore, the
treatmenf, ith etanercept pls MTX as, ell-tolerated and did not
increase serioms ad erse ¢ ents.

Adalimumab

Adalimemab is a monoclonal antibod of recombinant
immmnoglobmlin (IgGl) containing on] lhmman segmences of
peptides. It is an antagonist of TNF, ~hich pre ent the binding of
TNF- e to its receptors [6]. It has a half-life of 10 20 dg s and can be

wmsed as monotherag or in combinatioq& ith se eral other DMARD:s,
preferabl MTX [30,31]. “W¢ recommended dose of adalimmmab is 25
mgs.cf iceg, eek

Treatmeny, ith adalimsmab ples MTX as famnd to be statisticall
amperior to placebo plws MTX according to the ACR20/50/70
response rates at, eek 26 (Table 3) [32]. If patients recej ed

) Disease vdH-S score

First author |Groups duration ACR20 ACR50 |[ACR70 (Mean + SD)
IFX 3mg/kg +  54week

St.Clair EW MTX 62.4 45.6 325 04+538

etal. [16] |IFX 6mg/kg + 66.2 50.4 37.2 05+5.6
MTX 53.6 32.1 21.2 3.7+96
Placebo + MTX
IFX 3mg/kg + | 102week

Maini RN et [ MTX

al. [17] q8week 42 21 10 i'gg : 1'1125
g4week 40 30 21 o
IFX10mg/kg +
MTX 48 36 20 _161212¢+469120
g8week 40 20 10 12‘ 591 ’
g4week 16 6 1 20'05 -
Placebo + MTX '
IFX 3mg/kg + | 54week

Takeuchi T MTX 758 606 374

etal. [18] :\z(xemg/ kg + 788 587  42.3
10mglkg + 82.7 66.3 43.3
MTX

IFX = infiximab; MTX = methotrexate; ACR = American College of Rheumatology;
vdH-S = van der Heijde modifcation of the total Sharp score.

Tablel: Comparison of clinical and radiographic response to infiximab plus MTX.

) Disease DAS28 TTS
First author|  Groups Duration ACR20 ACR50 ACR70 <2.6(%) (mean)
Vander ETN + MTX 100 week 86 71 49 42.4 -0.56
Heijde D ETN 75 54 27 22.4 1.10
etal. [22] MTX 71 42 21 18.9 3.34
Kavanah A ETNE;NMTX 24 week
etal. [23] -1.35
MTX -0.19
ETN + MTX | 54 week | 81,0 83.8 82.6 2 .82
ETN 70.8 88.5 66.7 '
MTX 62.2 50.0 63.2
Kameda H | ETN + MTX 90.4 64.4 38.4 27.4
24 week
et al. [24] ETN 63.8 47.8 26.1 10.1

ETN = etanercept ; DAS = Disease Activity Score; DAS28 = DAS in 28 joints; TTS
= Total Sharp Scores

Table 2: Comparison of clinical and radiographic response to etanerceptplus MTX
and monotherapy.
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adalimmmab+MTX in eal;,l RA, the , amld achig e rapid clinical and
dmnctional imprg ements [32]. Adalimemab regimens decr%ased risk
of radiographic disease progression [33]. In an open-label € tension
simg of3 ears, theaddition of adalimmmab led to greater inhibition of
studcimral damage compared, ith patients, ho continmed, ith MTX
monotherap (Table 3) [34] we PREMIESR simd condrmed that
treatmeny, “ith adalimmmab ples MTX is initiated éag] , it contribmte
to higher imprg ements in clinical, dmnctional, arid radiographic
responses as compared, ith the treatment, ith MTX alone or
adalinammab alone [35].

In addition, adlimmmab ples MTX ameliorated pb sical gmnction
for patientg, ith RA [33,36].

Adalimmmab had good tolerance general]l . “Wwg research
demonstrated that the rate of ag erse ¢ ents (both serioms and
nonserioms), as similar in the adalimmmab and placebo gramps,
althamgh the proportion of patients reporting seriams infections, as
higher in patients recej ing adalimsmab (3.8%) than that in placebo
(0.5%) (P<0.02), and, as the highest in the patients adopted 40mg
e othel&: eek [33]. “we common ag} erse ¢ entg  ere injection site
reactions, seriams infections amch as militay #mberamlosis, cellmlitis
[35]. Hp ¢ er, adahnurnal;g ere safe anq) ell tolerated. wese ag erse
¢ enty ere not serioms and sg ere side e.!m‘,'tsV ere rela\l e{,l seldom.

Golimumab

Golimmmab is a hmman anti-TNF- ¢ monoclonal antlbogl that as
generated and a~=mij, maﬁ-rqd in an 1n\ ‘1 0§ stem [37]. Gohnjmab
has a high aﬂ{,t, and specu CJVt for mman TNF- € and e;eé'(l evl
namtralizes TNF- ebloach i 1q itro [38].

we e of gollni—mab had been testll ed in s¢ eral di=efent
gramps (Table 4) [37,39,40]. “W¢ combination of golimmmab and
MTX, as s1gn1) canf{] better at imprg ing the signs and § mptoms of
RA and pl} sical dmncion [37]. “wg dlxm“écqy eren’t obse‘r ed in the
e=edr of'thef o golimmmab dose gramp (50 mg and 100 mg) [37].
“wamgh compared ind] idmal], ith the pacebo gramp, the golinmmab
in combinatiory, ith MTX iri patientg, ith RA shg ed greater clinical
response , the response rates did not displg ed a clear dose-response
pattern among the gramp of golinmmab plai's MTX (Table 4) [39].

In the mmlticenter, randomized, placebo-controlled GO-
FORWARD shgl mean imprg ement from baseline in HAQ-D], as
51gn11 can{] gréater for golimmmab 50mg+MTX and 100mg+MTX

erams placebQ+MTX [41]. On the other hand, golinmmab+MTX also
elicited a 51gn11 cant better response than placeo+MTX in other e-=edg
parameters, inclding disease ac{j if score (DAS28) response. And the
combination of golimmmab and MTX limit radiographic progression
[42].

v

“wg safef of golinmmab has been demonstrated in di=efent trials.
Hy ¢ er,ad erseg enty erereported in the process of treatment. “Wg
most fregment ag erse ¢ ents in the combined golimmmab grampg ere
namsea, headache, and injection sit reaction. Most ¢ entg ere mild or
moderate in s¢ erif [43].

In general, golimmmab, in combination, ith MTX, canallg iate the
signs and § mptoms of RA and imprg e ply sical fmnction.

Certolizumab pegol

Certoliammab pegol is a hmmanized anti-TNF- ¢antibog,  ith high
a=my to TNF (44]. In managing patientg, ith RA, the recommended
dose”of certolimemab pegol is 400 mg (gj en as f o smbamtancams

injections of 200 mg) 1n1t1alv1 and af, eek 2 and 4, follg edp 200 mg
§ 9 othey, eek.

An international, mmlticentre, phase 3, randomized, damble-blind,
placebo-controlled smd has assessed the e of certolismmab
pegol in MTX non-responders [45]. Compared to placebo treatment,
certolimmmab pegol pls MTX e=elfi ¢| redmced the signs and

§ mptoms of RA, and inhibited progression of joint damage (Table

5) [45-46] “Wegre, ere no 0? ioms di=et®nces in clinical e=eig
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idea of the therap on RA. Biological agents can gmick] reli¢ e
clinical § mptoms‘and dela the bone destuction. When the TNF-«
inhibitots appl to clinical practice, the combinationg, ith DMARDs
are condmj € to ease the § mptoms and pre ent the bone stumoimral
damage and elg ate pb sical mnction. Besides, the cop ersion bet een

> v v W
di=efént agents BesComs ele ate c agents BesComs elg r
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