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Small Molecule Inhibitors in Rheumatoid Arthritis
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Rheumatoid arthritis (RA) is a chronic systemic in-
flammatory disease predominantly affecting diarthroidal
joints. Following the successful application of biologic
agents, several small molecule inhibitors are currently un-
der clinical trials. Small molecule inhibitors have several
strengths compared with biologics. First, they can target
several inflammatory cytokines together by blocking com-
mon signal transduction pathways. Second, they can be
taken orally. Third, the price can be made flexible. Among
the several small molecule inhibitors in the development
process, fostamatinib and tofacitinib are the closest to the
clinics at the moment. Fostamatinib, which is a Syk in-
hibitor, showed superior efficacy over placebo with toler-
able safety signals. Diarrhea, hypertension and infection
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are representative adverse events. Tofacitinib, which is
JAK inhibitor, is now finishing phase 3 clinical trials. It
showed clinical efficacy comparable to Adalimumab and
similar adverse effect profiles to the biologics, which in-
clude opportunistic infections. For laboratory abnormal-
ities, leukopenia, anemia, increase of LDL and serum Cr
were reported, which, however, were stabilized with pro-
longed use. Other classes of small molecule inhibitors did
not show impressive efficacy as these small molecule
inhibitors. In conclusion, small molecule inhibitors are
promising novel therapeutic agents for the treatment of
RA. They will be able to change the treatment paradigm
of RA if they can show long-term safety.
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Fole] EHS xdet, A Al A Axwt
7F7F =& 5 ghell glolAl gk kAl 7hAe] Al R
AR = L 9

2 3l= X EAZ A= Abatacept’} =Y =Yk
5 A1oF @A) ARHA AATKE GAE 2EACE o]
WA Faka gl i o AR AT £FA AA
(small molecule inhibitors)o]t}. AEAIAAl= Frle]l ~
P AT A Tt A 24 EAE Atk A
oflAe, A AAL A, 3A7E obd BetE
ez Alzxcke HollA BEHH AA] o8 dAE
Sug) 2 & 98 Aew AdEe FEEeltt 39)

A AA = A Al Aol vlsto] o] ZHollA e
g Aew 7l ek A, F2 AZAD AAL =
AES Ao gy, ohekdlt 54 2E5E SA &
3+ = ek ol 23 ol o] Wbl = ohekdl e
Ao} Aol BTk E0] ot Ao deiA glolA,
Frobel =R 4 o] X5 S o] 245 SAl
A5k b et 7] wlioll okAl ] 71 sHE Sl A] o]
= w5 FElg eso|ch EA, ahA AlAl vlEiA \kzh
Z17}F w5 gl A AAE 7 A o2 ol A
o] 671doll 123]%F Fofl = == AA7EA] el ARk
FA-E FHelA = 717 72 Zlo] e3ld fEld
Ak A, BHeE R ATFol7t 7hsstel @A AlAl=

o

Cytokine release

. - «——
and proliferation

-

Activated
macrophage

PR B

| IL6 TNFoa IL1

119

H|R - Foute] 7hssht &fA A AlAlE ZHFoA7F 7
sallA FodHeld FHellA ml felsicl A, 3k
E Az s FEs ¥ o Aok A Al A
2 o AR oelz UFE Aol TRASE Wbl
A, 5hEe] A9E Azuslel Aokl ooz 4+
gstct.

H EaoA e HE o] ARFEI e vkt &%
A A A o] #8713} A ZH3}+E- Fostamatinib¥} tofaci-
tinibS FA & A H 3 gF Avk Soll a4 Hel2
a7} gkt

FROE[AREEO| UHT| Mt ARXINIF

Frutel =i ol o] ZEsk W 7)1 H 2 obF 4 A A
AR AA7EA o] AFAA Tl whEH vheket WA £}
Fojsir] 53] CD4+ T A Z77F I el A 7Ht T2
g AgE & AR JdE 3 glrk v 8] o] shared
epitopesr XY GAAFAEol o34 CD4+ T H=
o] Al F=H, CD4+ T FZFE FE Thi, Th17 A EE &
shalm, fZ 9 AW WA, St EE A3} A7
th. 243k B fl 27 Frubel 2 QIAkeh 2 ArhakA|
E AAtslo], A e] ofstol] 7ojsl, Ad skl A F
£ IL-1, IL-6, TNF- @ &} -2 34 Aol E7lele AAbs)
of, A Wl AFE gl 43ke e EE g
(pannus) & FAsH B4 stElE dov|v, A3t I}
Z A E(osteoclast) = ©] Ao A Fo3F HT-E gt (10).
A AAEL ot = AdAE dovl= A4e] A
o|EFRRIE S MHEA o & Hrtst=u] vl Al LA Al
Ae AT A EIRIES A thid o Xoidt
%lEP(Figure 1).
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Figure 1. Pathogenesis of rheu-
matoid arthritis.
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Fostamatinib
Fostamatinib-< Syk inhibitorZ4] &l 3709] 24 13-
b W EE A} (11-13). SykS B H=ZF2] 23 Al
A EA-olA} Fey R AZA Do Fojsts EARA,
Frutel 2 d oA BEZF 8 Fule] s Q1AL g
2 uf], el T o ATE I Aow FAHEE A
IAEEAeltt (14) (Figure 2).

HA7LA] whx= 33 2] 24 oA A o}ol] o]shH fostamati-
nib< MTXel| F83F vE3-& Ho|A] ¢k Fhxlol] tialiA,
ACR20 ZA &L 32~72%, ACRS0 ZAES 17~57%,
ACR70 A& 2~40% 2 Tzl vlelA] fodt X|g&
IE Hole Aoz FsQlrh AN, tizTolA
ACR20 FA &% 35~38% 2 & FolojA] AAH <
A Z8AL 3 AT AE EQldl| Hotof ghri(Table 1).

FcyR B cell receptor
i \
P p SYK P P
ITAMs SYK

PLC l

N \ SLP

P
DAG IP3 / \
\ Rac Ras

SH, STNF Aol F3k vhg-& Holx| 3+ dAE

Ao & 3k ol Fof| A& ACR20, ACR50, ACR70 Al &)

7} 38%, 33%, 9% =2 272 vl aslA §-o3k x| g av}
HoyFEA] Er} (13). Fostamatinibe] 459 Hel] v]X]&= o
ofl tsliA= & F3=]9) 2™ fostamatinib 100 mg bidw-2]
735, B2t HFpsk AP E 1 55 A5, fatigue F
ofl Al tztoll vlsl f-2JslAl a&Ale] At (15).

off mu ¥ I

Rag

24 ATl I3}, fostamatinibs] F4H§-2 e 2
o7 Buxglc} 714 &3k 28 AARE 11.8~19.1%
o] gellA] WP oP], 7 slol] Ts), 04, MPTREA
FE, BEI} 2 Z4Eo] Haslglek. o SolE YR g
Aol dell <18 F GFel WAk ArHTable 2).

»

A AYFA AT
Fostamatinib< &7 34ed 7} #hils] 213 ZFo|th. MTX
ol T3] Hhg5 HolA ¥ S o' ke AT
W ol
A gke S 22 sk 917HOSKIRA-2), 3TNF A
Aol ML HolA i WAL HEow e AT
(OSKIRA-3)7} 1 ggo]m], o] 5 odroll 3k A7)+ £&
Q3 BAES Helst ATE A Foluh

Tofacitinib
Tofacitinib-= Janus activated kinase JAK) EAI& A &= o

Table 2. Common adverse effects of fostamatinib

/ / Adverse events Incidence
PKC———— JNK  ERK VAV Diarrhea 12~45.0%
Headache 5.9~13.0%
Hypertension +5 mmHg
Transcriotion factor Elevation of AST/ALT 3.0~9.0%
anscription factors Leukopenia 2~14%
Figure 2. Signal transduction of Syk. Others: infection, malignancy
Table 1. Clinical trials of fostamtinib
Patients Duration (Month) Treatment arms Numbers ACR20 (%) ACR50 (%) ACR70 (%) References
MTX-IR (2008) 12 Placebo 47 38 19 4 11
50 mg bid 46 32 17 2
100 mg bid 49 65 49 33
150 mg bid 47 72 57 40
MTX-IR (2010) 24 Placebo 153 35 19 10 12
150 mg bid 152 57 32 14
100 mg bid 152 67 43 28
TNF-IR (2010) 12 Placebo 73 37 12 5 13
100 mg bid 146 38 33 9

IR, incomplete response



Foutel 2B A- o Y2 X EAQ] LA A A
Z zelsle AFE AERA A A (CP-690,550)F 4], taso-

citinibe. 2 ZFA| W orlrt HEA O E tofacitinib o E
o]Eo] #FAH <fAlolr}. JAK EAE JAK-1, JAK-2,
JAK-3, TYK-2 & Z33lt} JAK ExtE 24 Aol Ev}
A8 AE W F&Al AX3he, AFA Aol BT
SAlot Ajtetd, Q14kshE & STAT Exbet ZAdtsiAl <

FA A EANY ATEE AE NE AL Tofaci-
tinib< JAK £4} 255 Xehsly 53] JAK-13) JAK-3&

IL-62} interferon- 7 2] X134
y e TEHE e A%

Xpekeke}(Figure 3). JAK-12
Sol] Folabul, JAK-3E
A Apo) EFFOI(IL-2, IL4, IL-7, IL-9, IL15, IL-21)2] AZA
=4S F 2 Xgkgl). TofacitinibS A &8t AEA2 A A)
= 7],;]_ nro oleoﬂq-y} Azl A oﬂg]o{/q = o]/l]—o]] ZA]
g Aew dgE= kAol (16).

I A7E

Tofacitinib> A 24 A5 ArtEo] WHEH

A AT AIES] X} %l‘;’i_ Are o]t} Tofac1t1n1b4 2
A A2+ tofacitinib §H5F} tofacitinib¥} MTXE H-8-3F
A7} v = Yt} (17,18). Tofacitinib& MTXS} H 831 A
27 od ol A = tofacitinib Img qd, 1mg bid, 2 mg bid, 5 mg
bid, 10 mg bid, 15 mg bidE 12F7F Foldk % rﬂZ%Loﬂ
Hlall A &4 FAgS AF3 A9, ACR20 24 &2
tofacitinib 3 mg bid o] &S Foig A 50.7~58.1%Z o
27-2] 33.3%°l vlslA felskAl Ek} (18). Tofacitinib

S G502 5ol A2y edFollA = tofacitinibS 1 mg
bid, 3 mg bid, 5 mg bid, 10 mg bid, 15 mg bidE 1257+

F-o0]s}al, adalimumab 40 mg q 2 weeksE FoIt 7 Bl U
273 2843 A S ASHrt o] AT Aol oz}
™, tofacitiniba2] ACR 20% ZAIE< 392% (3 mg bid),

= OEL

59.2% (5 mg bid), 70.5% (10 mg bid), 71.9% (15 mg bid) =

Cytokine/cytokine receptor

yc*
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adalimumaba-¢] 35.9%, 22 22.0%l vl&lA B2t
A =%k (17).

Tofacitinib®] 34 AFZE= Fulel AWz A Ao 5
3k H1S-S Ho|R ¢k IAE YA tofacitinibe] THE
Fo] AIE B A3 ORAL-Solo (19), Frlel~ AWz

o

Algke] WEFJHIE HA3 ORAL-SyncddTF (20),
MTXol] 83283 28 Hol 32 tjAdoz MTX2}H]

WeEe] #y} g
(21), adalimumab¥}2] X]

XA 7AAe] WstE 243 ORAL-Scan
F37E vzt ORAL-standard

AT (22), YTINFEA| 2| 5ol A3t A5 o2 3t
ORAL-Step 477} 9131 (23), MTXol| =2o] A &2 3}

AE A O 2 tofacitinib@ MTXS] EIE ZH A o 2 v

3= ORAL-Start 477} 9ok

84

ORAL-Solo 17 34 A7 FollA Y3l tofacitinib
o Folo] aaE vk AFEA], tlzTellA ACR20
FA o] 27%0l LR WEA tofacitinibwoll A & 60~
66%°] X EA IS H3th HAQ-DI ol lolA %, thzd
of A19] A HE= 022 osl=dl ¥l A, tofacitinib -
ol A= 0.50~0.55 A= et (19). Oral-Sync oﬂ;Loﬂx%h
DMARD$} W84 X 8 23& v 2g =1, DMARDR}

ol tzTollA] ACR20 24 &0] 312% ©|+=Hl E'_}OHH
tofacitinib 7ol A= 52.7~58.3%2] &IE HolA Iz
off vl A freldk XN 825 Hivk HAQ-DI HA] t=
TollA] A AE7E 022 olsAwdl HEsli Al 2] Eaoll A
= 0.45~0.54 NAE LA} 20). G TNFA|A| = adalimumab
3} tofacitinib 7F2] F8A-S H] L3t Oral-Standard &30l
A+ tofacitinib¥} adalimumab B tZg-ol| H]3l4] §-9]
3 X823 9E Helor, E3 ACR20 24 89| tofacitinib
ol A 52~54%, adalimumaboll 4] 47%Z tofacitinib< adali-

IL-23
IL-12

EPO
TPO

AL

v

STAT
4,3

STAT
3,5

*IL2, IL4, IL7, IL9, IL15, IL21

Figure 3. Janus activated kinase
inhibitors.
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Table 3. Clinical trials using tofacitinib

0]9._\#_
T

Patients Duration (Months) Treatment arms Numbers ACR20 (%) ACR50 (%) ACR70 (%) References

DMARD IR 6 Placebo 122 27 13 6 19
5 mg bid 243 60 31 15
10 mg bid 245 66 37 20

DMARD-IR 6 Placebo+DMARD 157 31.2 12.7 32 20
5 mg bid+DMARD 311 52.7 33.8 13.2
10 mg bid+DMARD 309 58.3 36.6 16.2

MTX-IR 6 Placebo+MTX 59 28.3 12.3 1.9 22
5 mg bid+MTX 204 52 37 20
10 mg bid+MTX 201 53 35 22
Adalimumab+MTX 204 47 28 9

TNF-IR 3 Placebo 132 24 8 2 23
5 mg bid 133 42 27 14
10 mg bid 134 48 28 11

The values are 51.5% and 54.9% respectively at 6 months. IR, incomplete response; DMARD, disease modifying anti-theumatic drugs

mumab I FABIAY L o] X8R IE Bl (22).
SFINF AlAl] tisl|A] 83 vh&-& Ho|A] = IA4E
4o 2 g Oral-Step A FollA = ACR20 24 &o] =
ol A 24%0l] B3}skd] vl 4], tofacitinib ol A= 42~
48% 2 ot xpo]l & Kt 37/1€ A 2] HAQ-DI= =
Toll Ao M AE7} 0.22 olsto]l=dl BElA] tofaciti-
nibToll A &= 0.43~0.460]t} (23). XA HAE o] &34
B4 3} AEE 243 ORAL-Scan Aol up2w, tofa-
citinib+MTX 2} MTXTS BlZyS vl 67HY =] modified
Sharp Score 2] ¥ 3}7} tofacitinib 10 mg bid-ol| A= 0.12%3
Edl vlaA thzETelE 0472 23k o]zt glglct
(21). AEH O Z tofacitinib> A2, A3 45 F3A
Ao Z MPA A4 A F] MA, 348 AIA R

MA 8 BAstel gt BRI a IS HrHTable 3).
dAA

A 24 AT ATl 2|34, tofacitinibe] 32}

oo

o

Z+8-(serious adverse event)x= tofacitinib-oll 4] 1.6~7.0%°1|
] w83k d] BlalA] adalimumabdoll A& 1.9~9.1%01 4]
A o, Bzl 5.9%04 WAl Ae 7+
%432 tofacitinibi-oll A 5.9%0114 WhA¥st ] w]@lA], adali-
mumabT-oll A= 2.3%, ZTlAE 2.9%0l4] w8t
AL ol LA 2 MEF H4T, WY, €4 F4
oteld 9] 4<%, cholesterol®] o] #E= o), kAl S
A &b Qb= = S Bk (17). 34 A9k Al
Aol Aol oJehd, e F2 vldFA, AVE 3
o, 227+, 718A S, dEA, AEFaA FAR
E51A gt €YD 5 mg bid 2}t 10 mg bid-S A
7] QA7 AT Al Zrede] A e} =9k Ade 39
g 7133l e] AL = e E HaE vt (24,25).

>N

T

Table 4. Other small molecule inhibitors

Medication ~ Target Phase Effecacy  References
VX-509 JAK3 Phase 2 Effective 26
SCIO-469 P38MAPK Phase 2 No effect 27
VX-702 P38MAPK Phase 2 No effect 28
LX3305 S1P lyase Phase 2 No effect 29
CCX354-C CCRI1 Phase 2 Possible effect 30

7|Ef 22X RIH|

JAKS 807 3k X842 VX-509 (JAK3) o] 2
Ao} FHTol AMEE AL HEEAA= 253k

26). AZY F2 AFAT EA9l p38 MAP-kinase S #
Ao 7 3 X BAZE VX-702, SCIO-469 So] A4 243
v o), tztoll vlafA] QA m&AdellA {3k 2
o|7} glolAl L o] %9 JAATE Havt gle Adulelrt
(27,28). LX3305% SIP lyaseS JAI3ro 24 2] T 9] o]
5 JAlskE Aol A 24ellA FElgE A &
£A4& HolA Egr} (29). CCRI chemokine?] XFghA|<Ql
CCX354-C= @4 A2ollA AA Aol A= 1254 ]
ACR20 ZAlEo] 43~52%% T 39%¢l B|shA] Sl
Apol g HolFA Xa, A5 5479 kAol A ut a3t
= Hthk(Table 4) (30).

Z =

LRAA A A= e Zo] EAA|, v 2H| Zo] =4 g A,
Frubel A =44 5l AE3HE A Al o]o]A] Fube] 2~
P NEL X 5AZE Ao E 7hsAde] =& oF
Aol B3] £RAAANAE AT E-&o] 7hsslaL, A7}
2tz ate] 7hset A, ela F4538 X8 g9k 7)€
kA SHAlE FES F e T3k SAolrh ot &%
AAAAE W 7)ol At g nx g kdA
of tallAe A7 AT AEs &Rl Holof dirl.
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