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Emerging Therapies: What Are Promising in the Near Future?

Geom Seog Seo and Sung Hee Lee

Department of Internal Medicine and Digestive Disease Research Institute, Wonkwang University School of Medicine, Institute of
Pharmaceutical Research and Development, Wonkwang University College of Pharmacyl, Iksan, Korea

The treatment of inflammatory bowel disease has evolved with the development of anti-TNF agents. In spite of long-term effectiveness,
many patients do not respond or no longer responds to these drugs. Therefore, the development of new drugs that act on different
inflammatory pathways has become necessary. Vedolizumab, a gut-specific biological agent, inhibits interaction a4[37 integrin with
mucosal addressin cell adhesion molecule-1 without inhibiting systemic immune responses. Long-term vedolizumab therapy in pa-
tients with Crohn’s disease and ulcerative colitis was safe and effective. Additionally, vedolizumab can be used in patients already
failed an anti-TNF therapy. Ustekinumab is a fully human immunoglobulin G1 kappa monoclonal antibody that blocks the p40 subunit
of IL-12 and IL-23. Ustekinumab will be a clinically effective agent to use in medically-refractory Crohn’s disease especially as a second
line drug. Tofacitinib is an oral, small molecule that inhibits JAK1, JAK3 and in a lesser extent, JAK2. Perhaps the most attractive things
of these JAK inhibitors is that they are given orally instead of parenterally. Early results showed that patients with moderately to severely
active ulcerative colitis receiving tofacitinib were more likely to achieve remission at 8 weeks than those receiving placebo. However,
these results have not been as robust in Crohn’s disease. Much of the positioning will depend on the safety profile such as opportun-
istic infection and atherogenic risk. The challenges for the future are to determine the therapeutic drug monitoring-guided dose opti-
mization, optimal timing and drug combinations to produce the most effective, and safest outcomes for IBD patients. (Korean J
Gastroenterol 2018;71:81-88)

Key Words: Ulcerative colitis; Crohn’s disease; Vedolizumab; Ustekinumab; Tofacitinib

| 2 et ete] Faste] d5d A AE e R

4 20170 aEbe s le] AREAl] ot PAEo] A

A e 2289 5ol ¢lo]A infliximab, ada- SAoA 7Y Tl ok Wl X N EA] B Alek Zid

limumab, golimumab, certolizumab pegol¥} 72 &-TNF o]Bo A7 A R o] Aok 7 A= X gApet 3t

AA O] AHES 7] 1AA A mof vsiA A aHE A REo A F-5H AR olth webA -TNF o 9of of

HoFe o, ofds] W ghatoll A ¥hg-& o] AL A £ 713E 7HAE ofAlY] Aol R dtA E =T, vedoli-

§ w3o] WSAd % Worge] %o E3} gL AH]  sumab (VDZ), etolizumab (A1F] 1R8] B7 ool ALE 22}
A7 = AL Qe AR A AAARA AGAE gDl sl 34 - X

Received December 30, 2017. Revised February 12, 2018. Accepted February 14, 2018.

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2018. Korean Society of Gastroenterology.

WAMXRE MZAM, 54538, A 2R 895, MBSt Outtst Lhutstnd 31 Ashy|HeARA

Correspondence to: Geom Seog Seo, Department of Internal Medicine and Digestive Disease Research Institute, Wonkwang University School of Medicine, 895
Muwangro, lksan 54538, Korea. Tel: +82-63-859-2565, Fax: +82-63-855-2025, E-mail: medsgs@wonkwang.ac.kr

Financial support: None. Conflict of interest: None.

Korean J Gastroenterol, Vol. 71 No. 2, February 2018
www.kjg.or.kr



82 Mz4, 01yel. 7Pz Do) AgE 4 QU= /Y K o

%) 53 22 A8 7% XA, ustekinumab (UST), risankizu-
mab (IL-239] p19 oFg AAAZHN 2ol thef 24 A+ A
Y )3} 7H2- 3F-olE| 2 71AA|, tofacitinib, upadacitinib (A&}
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1. Vedolizumab (Kynteles®, Entyvio®)

VDZ+= a4B7 $IE|ZLRlof et IgG1 HEEFH =X, 95
ANEZ2] a4B7 AH LI W3] A E(endothelium) 9] F2F &
AHadhesion molecule)?l mucosal addressin cell adhe-
sion molecule-13}9] AL AAAZILL? o]F 013 A=A
27k B oR o) 4 g Ho] Ao ze] Yu
] #€Hlymphocyte homing)o] ¥A] 7] wjizof, Z2H ¥}
AP FAAA A% 8L Fol wIE wolA Hef
VDZ A % 65 QA S-S Mol ARA oY BAE
qwo g 9JoFL(126W), VDZ 8% 7H4 ARE-L(1227), VDZ

P AHGH(125%8) 0 & Lol 625 & HUA /& vl
*P GEMINI 1 oA wlo]g WAZ H4: 0 T 180
7Yz 19.8%, 51.6%, 56%= 23t Xo]& HYPHET
p<0.001). E3F wlo]lg WAA M4 09l = 2+ 8.7%,
28.7%, 33.6%% $-23F Xjo]E HATHLEF p<0.001).° =&
T 9 FF AYE ddolA F-TINFAAS ARSSHA] ok

d 2E2H60%)L} o]l B-TNFAIAIE AHS-SF9H $H2H40%)
TOE UrolA 65 ¥ VDZ9| A BH-Z YokE GEMINI
1 ARE 24 Ao A=, F-TNFAIAIE AHSoRA] ¢hord <+
($]oFt 76T o) A 26.3%, VDZ 13004 53.1%E T X &
o 7F XJolo] A 7HE 26.4%: 95% confidence interval
[CI], 12.4-40.4)°] F-TNFAAE AHESIAH wH(]oFt 637
ol A] 20.6%, VDZ 824 39.0%= F X2 7+ Apol<]
AR 18.1%; 95% CI, 2.8-33.6)] H|3| X8 #I}7} T
LTk 523 Fof| F-TNFAA| v]Akgto| A VDZo} 919

o] A W= 242 46.9%, 19.0% A (T o+ 1t Aol €]
I gkS 28.0%; 95% CI, 14.9-41.1), S-TNFAA| Al&Lo]
VDzsa} Soksto] oJAF W= 7+ 36.1%, 5.3%THS
b Xpolo] Arghe 29.5%; 95% CI, 12.8-46.1)."" H|2FA
dxoA vDze] A7|A Wf(long lasting re-
dolH 7] 93t GEMINI long-term safety A+
(VDZE 43 712 AF2)o) 4 10434 88% (120/136), 1625
7 96% (70/73)8 ES B SA&L HYrh?

A2 FAE Ao E 3F GEMINI 2 S LollA] VDZ AMg-
T 674 A WSS HQl #ERE F 25 A 919kt VDZ
85 1t AMBE, VDZ 45 114 AR AHIRO|E WA

éHJ__mNHJ
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A AEE BHors o, 7#7—} 16.9%, 31.7%, 28.8% 5 UEF
o] VDZZA o A S o 4 9lgich” GEMINI 29}

39] ARS- EA oA B27A) /4 el Hl&2 -TNFAA]
ARg-Eoll A 48.9%, G-TNFAA] AREtoll A 27.7% 5 LHEH
of(f]oFt2 27t 26.8%, 12.8%) flottoll HIEHA]l VDZ9]
g Bfgol o =oAL, olefdt Avk= F-TNFAAC] =3
A okoke w o dAsILE 22 PRt vDzel A
714 BE dolR 7] 9%t GEMINI long-term safety S+
(VDZE 4F 7+7A ARg)o|A] 10454 83% (100/120), 1625
A 96% (62/70)2 =2 I FAE YJZFoleirt® a2 9l
A e A4 VDZ 300 mg 45 AL Ho)
FAS ) o A 9 A AT Dol 919
GEMINI long term safety -0 525 A& o) A
o A g WAL Ageiged, 24 710e 19
o]4ol%a(1.1-6.19, B+ 3.24), AEH ] 4% ?ﬂo‘:"] &
= A AR7F 29% (724, ALY HFHE 7
A7t 1 olskel ek A7F 60% (17/34)5 UrEM‘”EP z
] 5t3] 1v77}?<] T A= 22 A A
ZY7+ 20.8% (5/24), 2.4% (11/34) Oﬂqw I=2HoA VDZY
T ﬂﬂéﬂ% of mX= 4 ANE 7 & & AR
& 3 =9°] ENTERPRISE 44 YA AlS(84 =

Az A =2
oAl VDZE 2253714 Fo ., 3054 5 A5 B7h At
= 7]tk Hotof Stk Wt 7o tifAl= o & 7tA] S
5 =t A g DAfolA] vt

AL PFEOR o]FojR] 1L
AISE A3 W (pouchitis) I 21334 A (spondyloarthritis)©]
VDZ&} etanercept W X Fof 93] anpyor zHo| =
the 23 gl X 5o B33 AYA diad @A vDZ,
certolizumab pegold HE ARRSET 21709 TAESHYS wff ¢
A3 2 9 e A2 E Budk vt ok 1Y A2 B
A Al 7}A] @RE(VDZ 300 mg, adalimumab 160/80/40 mg, me-
thotrexate 15 mg)el| oot Het X8 q3}=E dolH 7| 9t
&g 37N P Alde] ABEI Qo] 2|7t ¢l Sk Ael
s 32 & 5 9& Ao 7gdc”®
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ch” VDZ Al Fofli= 810]19] QJAl Fo 112 AFd-pAt
Qokal Baskal 9o} @) vDzE AHEEhal Sl %ﬂ
3 A g A Al AIE dotR7] fisf zgE
a7} Uep?

GEMINI 13}20] S&5H @A5 b25:7F #AeS o,
VDZE o] Bk 3] A7aHA| B/ E-2 4% (56/1,434)
AL, o] Fof 1%%te] A&H o R J"‘é% e gict vDZ
oAl ARG Z7|o] HYREAE o] Folst= Aol
VDZ2] A1 AAEC] 4% 1 A 3% 1% 71 o g4E
Ak A gof o A B-g3le DALY 5=, 77t
o] Apo], o w2 714 ﬂitﬂ 9“31]—,— Crohn's disease ac-
tivity index, CDAI), HXEA| ] &§ o f, Il §AE
Br1el= 717ke] Afol& 913) infliximab, adalimumab, cer-
tolizumab pegol YA A9} GEMINI g4 A9 A&
A4 W wslr|= o Pk, 2009-2013A7H4] 2,8309 ]| T3
VDZ2] Fofo| i Etstal flefatol Hle| AZbeE O] F
7k A7E 9k 20095 E 201374 VDZo| tiet 6
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HE i, % 180]9] oF WAo] UocH* $1ARKe), -
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ehel)el AL, of FollAf didet HAY(1.1/100 PYs)o] g

or=of| A 714 welA|Hl HealthCore Integrated Research
Databaseol|A] &% 54 e SRlolA9 oF EE
(2.1/1,000 PYs; 95% CI, 1.3-32)Kc} © WA | gley
VDZ= HXpio] T-glZ+L HY A% (immunophenotype)©ll
S H|X]A] kO B natalizumab (a4B73} a4B1 SIE| 1S
AgAol A B ld 21284 ok WA S(progressive
multifocal leukoencephalopathy)2] 2 A7} glo] oA
Aol BAw oFAletal 3 5 ok oA F5A AE
Rpe A VDZO] AR 22} SFA| R Felo] o]Fo Xl AFEo]
, Hx FodERE 23 9 65 Z1} A%l 300 mgH
A Fstar, Bl FAE Sl 87 HALS=E 300 mgH
Folgtt}, m=re] VICTORY AAAHNA S5 3 55
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oA} Tl 7Hzh 18%, 35%, 54% AL, WHSAAL 6-1270€
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2. Ustekinumab (STELARA®)

USTL 1L-129} IL-239] p-40 subunito]] th3t 917} thal
2 AZTE IgGlk SHEEIHEH p-400] HAE Fd
12, I1-23 =870 ZA3t= AL Meimg o 2jeia]
T-A2 &35 ﬂMl? o+ ® usTel| it 27Ke 3 &
o %= A7 9=dl, UNITI-12 3-TNFAA A&
ot & HAO R 1AL, UNITI-2= 11434 A 5o
+& Ao Aastgich UNITI-13420] ¥
< Ao R W 54 AFIM-UNITDE A%
mg 85 7HA *Po%(l%fﬂ) UST 9 Omg 125 74 Af
T(132%), YFH(1327) & HiASIIT:. UNITI-1 1ol A]
65 9 854 USTQ] YAt J" O Q|oFi(2479), UST 130 mg
TH245%), UST ~6 mg/kgwt(249'8)o)| 4] Z¥z} 21.6/34/3/33.7
(%), 20.2/33.5/37.8 (%)E B, A 3= zHzt 8.9/
16.3/18.5 (%), 7.3/15.9/20.9 (%)Z USTol|A] E5F -2]d}
Al &9 UNITE-2 QoM % 65 Y 8534 YA vHe-2
QoFH(209%), UST 130 mgwt(209%), UST ~6 mg/kgwt
(2099l A] 242k 28.7/51.7/55.5 (%), 32.1/47.4/57.9 (%)%
a1, A A= 7hz) 8.9/16.3/18.5 (%), 7.3/15.9/20.9 (%)E
USToll Al 5 §-2JstA] =9ttt UNITI-13}; 2 Aol A ¢
o3} USTF 7holl #2449 Xjol= Holx| okghrh™ By
92| AFNAE 4477 USTolA QAL BFS A} s
AHEO|E ARgo] §li= Tl f-Aof B B oql, Trxl
X g 717} etoll ebaAdel Qo] 9jekae] Aol glieh*
UNITI-1 (n=56), 2 (n=26) ¥ IM-UNITI (n=21)°] SE%¢
|, di2o] A2 IAE O RE USTY A ot ¢
Joll Al 634 UST 130 mg, UST ~6 mg/kgwto] 2JektEch
HITHUNITI-19) 4] 22k 36.8%, 31.6%,
27.8%, UNITI-zoﬂH 747k 37.5%, 55.6%, 11.1%). 4457 ¢
A} T3= UST 90 mg 125 7+4 AR&+t, UST 90 mg 85
7HA ARSt, Qoktoll Al 22t 50.0%, 55.6%, 256.0%%th &
oF}F BB W OFA] A SFHOAE ofn] Sl A
o|F Ho|z| ¢kof, -TNFAAL 11414 ilE’Oﬂ Aot 5
L g F5 A8 A Bl =9 % fA AR BFE ®
7} & BT USTE ARSSE Aueiel 2.2
] 92K95.2% [169/167]= o] F-TNFAA A &2hH)E
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=

2 671 °JZZH 54.5% (67/123 127H

YA 55.8% (48/86)%1L XWPX] = 25% OﬂE} A7V B8
< 117(6.6%) 'TAYSIF=H, 257 AR B AEA0E)
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A AFAT Qe ke AH(AZ 16%, 5%, pzom)t
USTRZOIA © 9ehT SHAU ol 7 Ang FRE0
2 BA8191aL, UST7F 2016 1=t 4]3%2]oF=H(Food and
Drug Administration) &7}& ¥ o] G2 °I3] UST ARE-
o] AriFlor Aglong ke M o) A+t
dasitt USTE ARESH & 74 2Exjol|A A4l Aato] &4
£ oo 4 Qivke Adkd Bt QIANE A28y Bl
e obd A2E W77k Pk Y A4l FAfel A UST
o] AL B HUE A2 At AR &7 T 1,
opA] il A At AXrE §7] whizell USTe ¢l4l kA

F

-

ol g A7k % Basi
ool ATE FH ML v USTE: W4 2o

A digto] 2 % gl oAl Aew AzHEL 1L:239) pl9
subunit AA|A|¢] risankizumab¥} USTE= a5 9 oFA Ao
90 ofult Aolg wA @ F A7 AuE F3) Helol
:—é‘g_‘(l)-]_q_.4l,42

3. Tofacitinib (XELJANZ®)

Tofacitinib2 G20 TWoldl= BE JAKS A= A&
A EXZHN IL-2, 4, 6,7, 9, 15, 21 ¥ QgH=E 7ul=E X}
& 4 It} JAK-signal transducers and activators of
transcription (STAT) Al A o] AJtE o] Alxe] 3}t Al
7t Al o g o] B4 o] wwo] DNA HAF 9
A o] Jok v W, AE F4 9 23} AlE AE
Aol e b0 S5 9 359 MY D DAl
A tofacitinib®] T-8AT} FAAE Bt Y3l 3AF oA+
e} Agslsts], 219l BAGE YHOCTAVE 1, 271
857t A =|913(10 mg BIDE, $ok), ¥he-& Hel 24
E2 525 Z9to OCTAVE Sustain (10 mg BID, 5 mg BID

Shd

L
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o, YoFh)E 181l o] ofli= OCTAVE Open® 2 %%ty
9ith. OCTAVE 104 ¢F& Fo] 83 & oA} #3)E dolH
k& 1 tofacitinib} YFT2 747} 18.5%, 8.2% S K,
OCTAVE 2 d7ollAE 247} 16.6%9 3.6%E UERHIL

(Z+2F pgre] 0.007, <0.001), o] 3+ LIH= F-TNFAAS A}
B3HAl b SRt ofy e} ofn] ARSI oA U

SHA| KLojZ=qltth. Tofacitinib ARG} flofte] ot A

& ApolE vl BHoks uf, Fd A9 =Y 9 /] A%
9] Xjol= Z+Hz: 15.9% (29.6% vs. 13.7%), 32.6% (45.7 vs.
13.1%) gt

© wEI AT YARle) Aol tEe] Herxg
of 4Pl HTE B 5 YA, infiximab] 29 717
28.8%, 27.3%, VDZ9| % 27+ 16.1%, 31.8%5 HIilstal
At

AT

Hholl 417kt 2Hd A ES $1oR} tofacitinibst hofl XF
o7} S19th® 522A QA TS Lol OCTAVE Sustain
Aol A BH, SgollA EAsHS o 19H198), tofaci-
tinib 5 mgw(198%), tofacitinib 10 mgw~(197%)2] UA; T
L 7¥7F 11.1/34.3/40.6 (%)0]9ith. o] B-TNFAA AHE 5
ol wabA] Q4 el AEE GotR ek uf, 3-TNFAA
ARl A= 22 12.0/26.7/36.6 (%), G-TNFAIA] o] AR
& 7¥7} 10.4/40.7/44.8 (%)& EF-TNFAA| o] ARl A] T
AE7F o =9k, YA SHAA L Z17F 13.1/37.4/45.7
%) tofacitinibT oAl -2J3}A Ehthp<0.0001)." T4t
2ol el B B, 9ok 19])(1/198), tofacitinib
5 mg BIDT 39(3/198), tofacitinib 10 mg BID- 109
(107196)0llA4] A2 o] BT, B AmE $HT

—

=

=3

Table 1. Characteristics and Positioning of Vedolizumab, Ustekinumab and Tofacitinib in the Treatment of Inflammatory Bowel Disease

Vedolizumab

Ustekinumab Tofacitinib

Moderate-to-severe UC and CD
(second-line biologic agent in Korea)

Indication

Moderate-to-severe CD

Moderate-to-severe UC

Patient profiles 1. Concerns about infection and 1. EIM 1. Intolerable injection side effects
cancer 2. Children® 2. Prefer oral medication over injectable
2. Uncontrolled heart failure, a 3. Anti-TNF induced psoriaform administration
history of lymphoma, or multiple lesions

sclerosis
IV induction (300 mg, q0-2-6w) and
maintenance (300 mg q8w)

Route of administration
and dosage in clinical
trials

Induction of remission
atweek 6 or 8

1. 53.1% (anti-TNF naive)/39.0%
(anti-TNF failure) in UC

2. 22.7% (anti-TNF naive)/13.3%
(anti-TNF failure) in CD

Sustained clinical 1. 46.9% (anti-TNF naive)/36.1%
remission who had a (anti-TNF failure) in UC at week 52
clinical response to 2. 48.9% (anti-TNF naive)/27.7%
induction therapy (anti-TNF failure) in CD at week 52

Mucosal healing 1.41.9% (VDZ q8w)/47.5% (VDZ
g4w) in anti-TNF failure group at
week 52
2.17-63% in CD
Summary of clinical 1. Highest as first-line agent for

induction of remission and
mucosal healing in
moderate-to-severe UC

2. The effectiveness of VDZ in
anti-TNFa-naive populations
tended to be greater than that in
anti-TNFa-experienced
populations

Favourable safety profile

efficacy results

Safety profile

IV or s¢ induction® (130 mgor 6
mg/kg), sc maintenance (90 mg
q8w or q12w)

15.9% (130 mg)/20.9% (6mg/kg)
in anti-TNF failure group

30.6% (130 mg)/40.2% (6 mg/kg)
in conventional therapy failure
group

48.8% (90 mg q12w)/53.1% (90 mg
q8w) at week 44

Approximately one quarter
(endoscopic or radiologic 2
response; 51.6-76.0%)

Consistent benefit of induction
regimens, irrespective of previous
treatment or response to a TNF
antagonist

Contraindicated in patients with
hypersensitivity and clinically

Oral induction (10 mg BID) and
maintenance (5 mg BID or 10 mg BID)

18.5% (10 mg BID)

34.3% (5 mg BID), 40.6% (10 mg BID) at
week 52

1. 31.3% in OCTAVE 1, 28.4% in OCTAVE

2. 37.4% (5 mg BID)/45.7% (10 mg BID)
in OCTAVE sustain

Similar efficacy in UC patients
regardless of whether or not they
have received prior anti-TNF therapy
(highest second-line agent for
induction of remission and mucosal
healing in moderate-to-severe UC)

1. Increased risk of herpes zoster
2. Risk of dyslipidemia

important active infection (e.g.
active TB)

UC, ulcerative colitis; CD, Crohn’s disease; EIM, extraintestinal manifestation; TNF, tumor necrosis factor; VDZ, vedolizumab.
#Pediatric CD patients; only case series of UST use are available; ®Various dosage was used.
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