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The current goal of inflammatory bowel disease (IBD) treat-
ment is a symptom-free everyday life accompanied by mu-
cosal healing with minimal use of corticosteroids. Recent 
therapeutic advances, particularly, the emergence of anti-
tumor necrosis factor (anti-TNF) antibodies, have changed 
the natural history of IBD. Additionally, these advances also 
led to the emergence of the therapeutic concept of the “treat 
to target” strategy. With the development of new drugs and 
clinical trials, not only biologics but also small molecules 
have been applied to clinical practice to better individualize 
and optimize therapy. However, if newer drugs, including anti-
TNF therapies, are recommended for all patients diagnosed 
with IBD, a significant number of patients will be overtreated. 
The basic goal of IBD treatment is still to make the best use 
of conventional treatments based on IBD pathophysiology. 
Thus, physicians should be familiar with the modes of action 
of the available drugs. In this review, the author discusses 
the existing data for many approved drugs and provide 
insights for optimizing current treatments for the manage-
ment of patients with IBD in the era of biologics. (Gut Liver 
2020;14:7-19)
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INTRODUCTION

In the past two decades, treatment with tumor necrosis factor 
(TNF)-α inhibitors has achieved better clinical better outcomes 
in inflammatory bowel disease (IBD) patients. However, not all 
patients respond to induction therapy with these agents, and of 
those who initially respond, up to 40% ultimately lose response 
due to suboptimal drug exposure, side effects, or other poorly 

characterized mechanisms. Recently, additional therapies, such 
as an antibody that blocks the common p40 subunit of inter-
leukin (IL)-12 and IL-23, and an integrin blocker that prevents 
T cell trafficking to the gut, were introduced to the market. In 
addition, other agents including novel anti-trafficking therapies 
(e.g., sphingosine-1-phosphate receptor modulators), antibodies 
against p19 (unique to IL-23), and small molecules, such as Ja-
nus kinase (JAK) inhibitors are being developing for use in IBD 
treatment. Furthermore, the management of IBD has evolved 
from targeting the control of symptoms to targeting the sup-
pression of mucosal inflammation, leading to the concept of 
“treat to target.”

This shift in thinking has been accompanied by the early use 
of highly effective therapies in patients with a poor prognosis, 
the acceleration of treatment escalation and the adoption of 
therapeutic drug monitoring. However, physicians remember 
that the basic goal of IBD therapy is to make the best use of 
conventional treatments based on their mechanisms of action 
(Figs 1 and 2).1 In this review, we focus on the significance of 
conventional therapies in the era of biologics and newly emerg-
ing therapies. 

CURRENT THERAPEUTIC APPROACHES

1. Aminosalicylates

1) Ulcerative colitis
There is a consensus among all gastroenterologists concern-

ing the use of aminosalicylates (5-ASA) drugs as the treatment 
mainstay for mild to moderate ulcerative colitis (UC) because 
many reports suggested that the long-term use of 5-ASA drugs 
is safe and useful for maintaining remission. Mesalamine has 
pleiotropic effects on various signaling pathways, including 
nuclear factor (NF)-kB, Wnt/β-catenin, peroxisome proliferator-
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activated receptor (PPAR)-g, mitogen-activated protein kinase 
(MAPK), and PI3K/Akt, and these effects are thought to be re-
sponsible for the inhibition of colonic inflammation (Fig. 3).2,3  

Recently, Oh-Oka et al.4 proposed a novel anti-inflammatory 
mechanism for mesalamine in colitis that involves the induc-
tion of Tregs in the colon via the aryl hydrocarbon receptor  
pathway, followed by transforming growth factor-β activation. 
Thus, 5-ASAs are mysterious because of their various anti-
inflammatory properties. 

In general, topical mesalazine (a 5-ASA) was able to induce 
remission of active proctitis and distal colitis in 31%–80% (me-
dian, 67%) of patients compared to 7%–11% of patients treated 
with placebo in a meta-analysis evaluating 11 trials with a 
total of 778 patients.5 Multinational survey data regarding the 
initial treatment of mild to moderate UC from the 2nd Asian 
Organization for Crohn’s and Colitis meeting demonstrated that 

topical 5-ASAs were the most preferred treatment for ulcerative 
proctitis, followed by oral 5-ASAs.6 Combined oral and topi-
cal mesalazine therapy appeared to be superior to oral 5-ASAs 
for the induction of remission of mildly to moderately active 
UC. A meta-analysis of mesalazine showed a dose-response for 
clinical improvement for doses of 2.0 g, 2.0–2.9 g and 3.0 g 
administered daily (p=0.002).7 A clinical trial demonstrated that 
compared with pH-dependent-release mesalazine at a dose of 3.6 
g/day, multimatrix (MMX)-mesalazine 4.8 g/day has higher ef-
ficacy and shows no difference in safety in patients with mildly 
to moderately active UC; thus, MMX-mesalazine may be a 
promising option for inducing remission.8 

Maintenance of remission might be achieved using mesala-
zine at lower dosages than are used for induction treatment.9 
Pancolitis should be treated following the same rules used for 
left-sided UC; however, systemic steroids should be used sooner 
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Fig. 2. Medical treatment approaches for Crohn’s disease. 
PSL, prednisolone; AZA, azathioprine; 6-MP, 6-mercaptopurine; 
5-ASA, aminosalicylates; TNF, tumor necrosis factor; IL, interleukin. 
Modified from Nakase H. How to select and use IBD drugs. Tokyo: 
Yodosha Co., Ltd., 2015, with permission.1
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Fig. 1. Medical treatment approaches for ulcerative colitis. 
PSL, prednisolone; JAK, Janus kinase; AZA, azathioprine; 6-MP, 
6-mercaptopurine; 5-ASA, aminosalicylates; TNF, tumor necrosis 
factor. Modified from Nakase H. How to select and use IBD drugs. 
Tokyo: Yodosha Co., Ltd., 2015, with permission.1

Fig. 3. Mechanism of action of ami-
nosalicylates (5-ASAs) in inflamma-
tory bowel disease. 
PPARg, peroxisome proliferator-
activated receptor g; NF-kB, nuclear 
factor-kB; TLR, Toll-like receptor; 
COX, cyclooxygenase; LOX, li-
poxygenase; PG, prostaglandin; LT, 
leukotriene. Modified from Nakase 
H. To master the optimal therapy 
for ulcerative colitis. Tokyo: Iga-
kutokangosha Co., Ltd., 2018, with 
permission.2
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in patients with pancolitis than in patients with left-sided coli-
tis, depending on the severity. A recent topic of study is patient 
adherence to oral mesalazine. Generally, adherence to mesala-
zine among UC patients is poor because of inconvenient dosing 
regimens. Therefore, reduction of the number of doses is a bet-
ter way to accommodate patient preferences when prescribing 
mesalazine. Flourié et al.10 performed a multicenter controlled, 
randomized, investigator-blinded, comparative study designed 
to investigate the noninferiority of once daily (OD) versus twice 
daily (BD) administration. This study demonstrated that the 
primary endpoint, noninferiority in clinical and endoscopic 
remission with OD versus BD mesalazine at 8 weeks, was met 
(intent-to-treat population: 52.1% vs 41.8%, respectively; 95% 
confidence interval [Cl], –3.4 to 24.1; p=0.14). Improvement of 
the UC-DAI score (92% vs 79%; p=0.01) and mucosal healing 
(87.5% vs 71.1%; p=0.007) was significantly better, and the time 
to remission was significantly shorter with OD dosing. Kruis et 
al.11 suggested that OD dosing could lead to a higher peak con-
centration and a higher mucosal concentration of mesalazine 
than divided dosing given at a similar total daily dose. We in-
vestigated the mucosal concentration in patients with quiescent 
UC who were treated with 5-ASA. As expected, the mucosal 
concentration was higher in quiescent UC patients treated with 
the OD regimen than in those treated BD or three times daily 
(unpublished data). Our data strongly support both proposal by 
Kruis et al. and MOTUS study. Therefore, maintaining adherence 
in patients receiving 5-ASAs is a clinically important issue for 
preventing UC relapse.

2) Crohn’s disease
Historically, mesalamine and sulfasalazine were preferred as 

induction agents for mild to moderately active Crohn’s disease 
(CD), despite previous meta-analyses reporting a lack of ef-
fectiveness. Guidelines from the American College of Gastro-
enterology suggest that mesalamine is minimally effective for 
the treatment of mild to moderate CD.12 A recent network meta-
analysis showed that high-dose mesalamine (odds ratio [OR], 
2.29; 95% CI, 1.58 to 3.33) was superior to placebo, although 
these data conflicted with previous meta-analyses and current 
clinical practice guidelines.13

2. Corticosteroids

Corticosteroids (CSs) act via the inhibition of several in-
flammatory pathways, such as the suppression of interleukin 
transcription, the induction of IkB, which stabilizes the NF-kB 
complex, the suppression of arachidonic acid metabolism and 
the stimulation of lymphocyte apoptosis within the lamina pro-
pria of the gut (Fig. 4).14 CSs are optimal drugs for controlling 
the severe intestinal inflammation of IBD. However, long-term 
use of CSs should be avoided. Experimental data suggested that 
intestinal epithelial cell-specific deletion of inhibitor of kappa B 
kinase (IKK) β or pharmacological inhibition of NF-kB resulted 
in exacerbation of acute colitis induced by dextran sodium sul-
fate.15 Inoue et al.16 demonstrated that proteasome inhibition (by 
MG132) reduced T cell-mediated intestinal inflammation, but 
interrupted both epithelial regeneration and the barrier function 
of colonic mucosa. These data suggest that long-term use of 
CSs (high cumulative dose) could affect mucosal regeneration in 
patients with IBD. 

Fig. 4. Mechanism of action of cor-
ticosteroids. 
GC, glucocorticoid; HSP90, heat 
shock protein 90; NF-kB, nuclear 
factor-kB; GR, glucocorticoid recep-
tor; Gre, glucocorticoid response ele-
ment. Modified from Nakase H. To 
master the optimal therapy for ulcer-
ative colitis. Tokyo: Igakutokango-
sha Co., Ltd., 2018, with permission.2
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1) Ulcerative colitis
CSs have been used since the 1950s in IBD patients, and they 

remain one of the most effective treatments for disease flares.17 
In UC, precise evidence concerning the most effective dose and 
duration of CS therapy is lacking. Evidence for the benefit of 
oral CS therapy comes from two early studies of active UC.18,19 
The 60 mg of prednisolone seems to be no more effective than 
40 mg, but the higher dose is associated with a higher frequency 
of adverse events.20 Current guidelines suggest starting with an 
initial oral dose of 40–60 mg (0.75–1 mg/kg) prednisolone daily 
followed by tapering.21,22 Generally, an appropriate regimen for 
patients with moderately active UC is prednisolone 40 mg/day 
for 1 week, with subsequent reduction of the dose by 5 mg/day 
every week, resulting in an 8-week course. It should be noted 
that a shorter course of <3 weeks is associated with early re-
lapse and doses of prednisolone ≤15 mg day are ineffective for 
active disease. In addition, the initial dose and the rate of steroid 
tapering were associated with neither long-term remission rates 
nor the duration of remission. 

In cases of severe UC, the patient should be admitted to the 
hospital for intensive treatment under the care of a multidis-
ciplinary team, including a specialist in gastroenterology and 
a colorectal surgeon. A high dose of CSs is generally given in-
travenously. A systematic review of 32 trials of steroid therapy 
for acute severe colitis involving 1,991 patients from 1974 to 
2006 reported an overall response to steroids (intravenous hy-
drocortisone, methylprednisolone, or betamethasone) of 67% 
(95% Cl, 65% to 69%).23 However, CS treatment should be given 
for a defined period because extending therapy beyond 7 to 10 
days carries no additional benefit. If an adequate response is not 
achieved during the intravenous administration of CSs, second-
line treatment with infliximab, tacrolimus (TAC), or cyclosporine 
must be considered. Maintenance therapy can be achieved ei-
ther by continuing infliximab or by administering azathioprine, 
which replaces TAC or cyclosporine after the acute phase. 

2) Crohn’s disease 
In active CD patients, we consider the administration of sys-

temic CSs or budesonide (better candidates have an ileocecal 
type of CD). There is better evidence for the use of budesonide 
in mild to moderate flares of the ileocecal CD. Coward et al.13 
reported that 9 mg budesonide was significantly better than 
3 or 6 mg budesonide (OR, 2.18; 95% CI, 1.02 to 4.80), and 
budesonide was more effective than mesalamine (OR, 1.57; 95% 
CI, 1.06 to 2.32) and sulfasalazine (OR, 1.91; 95% CI, 1.04 to 
3.61). In addition, CSs were similar to high-dose budesonide (OR, 
1.21; 95% CI, 0.84 to 1.76). It has been reported that typical CS-
associated side effects are less frequent with budesonide than 
with systemic CS treatment. Therefore, budesonide 9 mg per 
day might be the best choice for inducing clinical remission in 
patients with ileocecal CD. In real clinical practice, CD patients 
with extensive intestinal lesions would require systemic CSs. 

However, the goal of every IBD therapy is the achievement of 
steroid-free remission. We should keep in mind that CSs have 
no role as maintenance therapy in either UC or CD. 

3. Immunomodulators

Thiopurine drugs: inactive 6-thiopurine (TP) prodrugs 6-thio-
purine (azathioprine [AZA] and 6-thioguanine [6-TG]) are con-
verted into pharmacologically active deoxy-6-thioguanosine 
phosphate (deoxy-6-TGNP). Deoxy-6-TGNP can be incorpo-
rated into the de novo synthesis of DNA as a form of 6-TG (Fig. 
5). Recent studies have shown that 6-TGNP derived from 6-TP 
prodrugs binds to Rac1 to form the 6-TGNP-Rac1 complex. The 
formation of this complex, in turn, induces immunosuppres-
sion by blocking Rac1 activation mediated by the Rho guanine 
nucleotide exchange factor Vav in T lymphocytes, which and 
the inactivation of Rac1 suppresses the function and survival of 
CD4+ cells.24

1) Ulcerative colitis
TPs have been used as maintenance treatment for refractory 

and chronic active IBD patients. Among TPs, AZA is most com-
monly used. Most physicians consider the effect of TPs to be 
favorable for patients with refractory UC, particularly in steroid-
dependent cases. In UC patients, a meta-analysis that reviewed 
30 noncontrolled studies and analyzed seven controlled studies 
confirmed that TP drugs are more effective than placebo for the 
prevention of relapse in UC.25 Since we are in the biologic era, 
we must recognize the long-term efficacy of TPs.26

2) Crohn’s disease 
In CD patients, as described for UC patients, TPs have been 

effective in facilitating the reduction of steroid doses and main-
taining remission after induction therapy with steroids.27,28 The 

Fig. 5. Metabolic pathway of thiopurines.
6-MMP, 6-methyl-mercaptopurine; 6-meTIMP, 6-methyl-thioinosine 
monophosphate; TPMT, thiopurine S-methyl transferase; AZA, aza-
thioprine; 6-MP, 6-mercaptopurine; 6-TIMP, 6-thioinosine mono-
phosphate; 6-TGN, 6-thioguanine nucleotides; HPRT, hypoxanthine 
phosphoribosyl transferase; XO, xanthine oxidase; 6-TU, 6-thiouric 
acid; 6-TGMP, 6-thioguanosine monophosphate; 6-TGDP, 6-thiogua-
nine diphosphate; 6-TGTP, 6-thioguanosine triphosphate. Modified 
from Nakase H. To master the optimal therapy for ulcerative colitis. 
Tokyo: Igakutokangosha Co., Ltd., 2018, with permission.2
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initial induction strategy with steroids may be important, be-
cause AZA has a significantly delayed onset of action, with sev-
eral studies demonstrating clinical efficacy after 2 to 3 months 
of treatment.29,30

3) The difference in TP metabolism between Asian and 
Western populations

In Western IBD patients, the appropriate maintenance dose is 
2–2.5 mg/day of AZA and 1–1.5 mg/day of 6-mercaptopurine 
(6-MP). However, in Asian IBD patients, the therapeutic doses 
of AZA are relatively low (25–100 mg/day) in comparison with 
those used in the West because of the difference in TP metabo-
lism between Asian and Western populations. A current topic 
of study in TP metabolism is nucleoside diphosphate-linked to 
another moiety X hydrolase (NUDT)-15. The physiological func-
tion of NUDT15 is considered to be the hydrolysis of 8-oxo-
dGTP generated from reactive oxygen species.31 Recent studies 
indicated that NUDT15 preferentially inactivates TP metabolites 
over 8-oxo-dGTP, converting molecules such as TGTP and 
TdGTP to TGMP and TdGMP, respectively.32-34 Thus, NUDT15 
is a negative regulator that decreases the levels of bioactive TP 
metabolites; the cytotoxicity of such metabolites is therefore 
increased by loss-of-function variants of NUDT15. In 2014, 
Yang et al.35 reported that a missense variant in exon 3 of the 
NUDT15 gene (p.Arg139Cys or R139C; single nucleotide poly-
morphism [SNP] ID: rs116855232) strongly correlates with TP-
induced leukopenia among Korean patients with CD. Kakuta et 
al.36 confirmed this correlation in Japanese patients with CD. 
The high specificity and sensitivity (89.4% and 93.2%, respec-
tively) of NUDT15 p.Arg139Cys indicate that this variant, rather 
than TPMT polymorphisms, may be an effective genetic marker 
for predicting TP-induced adverse events, at least in East Asian 
populations. 

4. Apheresis therapy for IBD

Apheresis therapy is a treatment for IBD patients, that was de-
veloped in Japan. The mechanism of apheresis therapy is based 
on local immunomodulation achieved by removing leukocyte 
(granulocytes, monocytes, and activated-lymphocytes) from the 
peripheral blood with special columns. With no additive drugs, 
apheresis therapy appears to be a natural biologic therapy and 
may be an groundbreaking treatment method. 

1) Ulcerative colitis
Regarding the efficacy and safety of apheresis, a meta-

analysis that included nine randomized trials demonstrated 
that compared with CSs, granulocyte and monocyte adsorption 
apheresis (GMAA) is effective for inducing clinical remission 
in patients with active UC (OR, 2.23; 95% CI, 1.38 to 3.60).37 In 
addition, the intensive apheresis (>2 sessions per week) is more 
effective for inducing clinical remission than weekly apheresis 
(OR, 2.10; 95% CI, 1.12 to 3.93). Notably, the rate of adverse 

events associated with apheresis was significantly lower than 
that associated with CSs (OR, 0.24; 95% CI, 0.15 to 0.37). How-
ever, the disadvantage of apheresis is the lack of evidence con-
cerning the efficacy of maintenance therapy. In Japan, a clinical 
trial is ongoing to determine whether apheresis is optimal as 
a maintenance therapy for UC patients. The role of apheresis 
in IBD treatment is still debated because most physicians have 
performed this therapy for patients with steroid-dependent or 
steroid-refractory UC. On the other hand, several reports have 
shown that the promising efficacy of apheresis in patients with 
steroid-naïve UC. The efficacy of apheresis in the induction of 
remission for patients with steroid-naïve active UC has not yet 
been established. A clinical trial investigating the efficacy of 
GMAA in patients with steroid-naïve active UC was recently 
finished and the results will be published soon.

2) Crohn’s disease
Several reports have shown the efficacy of GMAA in patients 

with active CD. Based on data demonstrated that intensive 
GMAA is superior to weekly apheresis in the induction of re-
mission for active UC, Yoshimura et al.38 performed an open-
label, prospective, randomized study to evaluate the clinical 
efficacy and safety of intensive GMAA in patients with active 
CD. The results of the study demonstrated that the time to re-
mission was significantly shorter in CD patients treated with 
intensive GMAA than in those treated with weekly GMAA, 
despite the absence of a significant difference in remission rates 
between CD patients treated with intensive GMAA and those 
treated with weekly GMAA. Fukuchi et al.39 studied the efficacy 
of GMAA combined with TPs in patients with early-diagnosed 
CD. This study revealed that combination therapy with intensive 
GMAA and TPs administration rapidly induced full remission in 
patients with active early-diagnosed CD without serious adverse 
effects. Mucosal healing was observed in 50.0% of enrolled pa-
tients. In this regard, this combination therapy might be a ratio-
nal option for patients with early-diagnosed CD. 

Many reports indicate that patients who respond to apheresis 
achieve a good long-term disease course by avoiding drugs in-
cluding CSs in the early stage of their IBD. Therefore, in future 
therapeutic strategies, if we introduce apheresis at an early stage 
following the onset of IBD or before patients develop extensive 
mucosal damage and become refractory to medications, many 
IBD patients could respond to apheresis and avoid biologics.

5. Calcineurin inhibitors

Nuclear factor of activated T cells (NFAT) activation is re-
quired for inflammatory cytokines. To activate NFAT, calcium-
calmodulin must activate calcineurin, which in turn dephos-
phorylates cytoplasmic NFAT, allowing it to move from the 
cytoplasm into the nucleus. Finally, nuclear NFAT binds to 
regulatory regions of genes that encode inflammatory cytokines 
(Fig. 6). Calcineurin inhibitors, such as cyclosporine A (CsA) and 
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TAC, are available for the treatment of patients with refractory 
IBD. 

1) Cyclosporine A
CsA binds to cyclophilin and TAC binds to the FK-binding 

protein. The inhibition of NFAT dephosphorylation by these 
complexes leads to the suppressed the transcription of inflam-
matory cytokine genes.40 

(1) Ulcerative colitis
CsA has been used for the treatment of steroid-refractory se-

vere UC. CsA has been used mainly as a rescue therapy in acute 
severe UC for over 2 decades.41 The first randomized placebo-
controlled trial of CsA as a rescue therapy in acute severe 
steroid-refractory UC showed that nine out of 11 patients re-
sponded to CsA 4 mg/kg and avoided a colectomy, whereas no 
patient out of nine in the placebo group responded.42 Another 
randomized controlled trial (RCT) comparing 4 mg/kg with 2 
mg/kg IV CsA in 73 patients with severe UC showed that ap-
proximately 85% of the patients responded in each group, but 
the study included no placebo control.43 Thus, RCTs and several 
open studies have shown the efficacy of CsA in patients with 
severe UC who failed to respond to intravenous CSs. Overall, the 
short-term response rate after the induction of CsA was 64% 
to 100%, and the colectomy-free survival rate, an indicator of 
long-term prognosis, ranged from 14% to 55% within 3 to 7 
years.40 However, there is limited evidence that CsA is more ef-
fective than the standard treatment for severe UC, and there is 
no evidence to support the long-term benefit of CsA. Generally, 
it is well known that UC patients who successfully achieve clini-
cal remission with CsA should require adequate maintenance 
therapy with TPs. 

(2) Crohn’s disease
Stange et al.44 reported the result of a clinical trial evaluating 

64 patients with active CD who were treated with CsA or pla-
cebo. There was no statistically significant difference between 
patients who received low-dose steroids and CsA (5 mg/kg per 
day) and those who received low-dose steroids and placebo. In 
addition, there was no statistically significant benefit of CsA for 
preventing CD recurrence because over 70% of both groups had 
relapsed at 1 year. Another RCT demonstrated that intravenous 
CsA was effective for patients with fistulizing CD, although 
this trial only focused on the improvement of symptoms as an 
outcome.45 Overall, several reports indicated that the efficacy of 
intravenous or oral cyclosporine in patients with active CD or 
active UC was limited.

2) TAC
TAC is a macrolide antibiotic isolated from Streptomyces 

tsukubaensis that has immunomodulatory properties. TAC in-
hibits the formation of a complex between calcineurin and its 
w its cytoplasmic receptors cyclophilin and FK-binding protein 
12 (FKBP-12), both of which regulate a calmodulin-dependent 
phosphatase, which interrupts signal transduction pathways in 
T cells.46,47 Notably, Yoshino et al.48 reported the dose-dependent 
inhibitory effect of TAC on proinflammatory cytokines (IL-12 
and TNF-α) from production by activated macrophages stimu-
lated with lipopolysaccharide. Although its mode of action is 
similar to that of CsA, the immunosuppressive effect of TAC is 
30 to 100 times greater in vitro and 10 to 20 times greater in 
vivo than that of CsA, and its intestinal absorption is more reli-
able, even in the presence of gastrointestinal disease.49 

(1) Ulcerative colitis
TAC has changed the therapeutic strategy for moderately-

Fig. 6. Mechanism of action of ta-
crolimus. 
NFAT, nuclear factor of activated T 
cells; NFATp, NFATc1 and NFATc2; 
NFATn, NFAT in the nucleus; P, 
phosphoric acid; FKBP-12, FK-
binding protein 12; IL, interleukin; 
IFN, interferon; GM-CSF, granulo-
cyte macrophage colony-stimulating 
factors; TNF, tumor necrosis factor. 
Modified from Nakase H. To master 
the optimal therapy for ulcerative 
colitis. Tokyo: Igakutokangosha Co., 
Ltd., 2018, with permission.2
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severe active UC. Only one RCT comparing high target serum 
trough levels of TAC (10–15 ng/mL) and low trough levels of 
TAC (5–10 ng/mL) versus placebo for patients with steroid-
refractory UC has been reported.50 The efficacy at 2 weeks 
after treatment demonstrated that significantly more patients 
responded in the high trough TAC group (68.4%) than in the 
placebo group (10.0%, p<0.001). The low trough TAC groups 
showed a tendency toward response (38.1%). A review from the 
Cochrane Central Register of Controlled Trials indicated that 
patients with UC in the high trough TAC group were signifi-
cantly more likely to achieve clinical remission than patients in 
the other group.51 Therefore, rapidly increasing the trough level 
(10–15 ng/mL) in the blood to induce remission is important. 
A recent systematic review and meta-analysis that combined 
the data from these two trials and from observational studies 
demonstrated that the clinical response at 2 weeks was signifi-
cantly stronger with TAC than with placebo. The colectomy-free 
rates at 1, 3, 6, and 12 months were 0.86, 0.84, 0.78, and 0.69, 
respectively. The long-term cumulative colectomy-free sur-
vival in UC patients with TAC has been reported to be 57% at 
44 months, although this study included a very heterogeneous 
population.52 Several uncontrolled series have shown that TAC 
is effective for the treatment of patients with UC who are intol-
erant or refractory to conventional therapies.52-55 Like patients 
treated with CsA, steroid-refractory UC patients who achieve 
remission with TAC treatment would require immunomodula-
tors to maintain remission and prevent colectomy. Recently, 
Schmidt et al.56 reported the effect of purine analogs (PAs) on 
the long-term clinical outcomes of 156 moderately to severely 
active steroid-refractory UC patients treated with TAC. The 
Kaplan–Meier curve for colectomy-free survival after month 3 
showed a benefit in the PA group. The time to colectomy was 2 
years (median; range, 0.7 to 5.8) in the PA group and 0.8 years 
(range, 0.3 to 4.7 years) in the group that was not treated with 
PAs (p=0.02). The time to relapse was 1.2 years (median; range 
0.3 to 6.2 years) in patients with PA treatment and 0.5 years 
(range, 0.3 to 3.9 years) in those without PA treatment (p=0.05). 
These data strongly suggested that the addition of TP therapy 
significantly correlated with colectomy avoidance and remission 
rates.

(2) Crohn’s disease
Yoshino et al.48 reported that TAC directly suppressed the 

LPS-induced activation of both NF-kB and MAPK in macro-
phages and induced the apoptosis of macrophages through the 
activation of caspase-3 and caspase-9. In addition, IL-12/IL-
23p40, IL-6, and TNF-α production by activated macrophages 
were inhibited by TAC in a dose-dependent manner. It is well 
known that the IL-12/IL-23p40 pathway is deeply involved in 
the pathogenesis of CD.57 Taken together, these basic data sug-
gest the efficacy of TAC therapy in patients with active CD. In 
real clinical practice, the efficacy of TAC in the management of 

CD is under debate because of the lack of randomized control 
trials. McSharry et al.58 systematically reviewed the efficacy and 
safety of TAC in treating CD. The author’s assessed case series, 
cohort studies, and RCTs that incorporated oral, intravenous, 
or topical TAC therapy. In patients with luminal CD, the crude 
pooled remission rate for TAC was 44.3% (range, 7% to 69%), 
and the crude pooled response rate was 37.1% (range, 14% to 
57%). Additionally, in patients with CD who had the perianal 
disease and were treated with systemic TAC, the crude pooled 
remission rate was 28.6% (range, 0% to 64%), and the crude 
pooled response rate was 38.8% (range, 0% to 57%). Data 
from two studies of topical TAC showed that 35.7% of patients 
achieved remission and 28.6% achieved a partial response. 
Gerich et al.59 showed a retrospective study of oral TAC for 
severe CD refractory to anti-TNF agents. Twenty-four patients 
with CD were treated with oral TAC for a median of 4 months. 
The response and steroid-free remission rates were 67% and 
21%, respectively. Approximately 42% of patients were able to 
stop steroids, and 54% of patients ultimately required surgery 
within a median of 10 months after starting TAC. Of note, pa-
tients with mean trough TAC levels of 10 to 15 ng/mL had the 
highest rates of response (86%) and remission (57%). This study 
suggested that oral TAC might be promising for some patients 
with severe CD that is refractory to anti-TNF-α therapies. Clini-
cal series and meta-analyses have suggested that both CsA and 
TAC are promising for patients with steroid-refractory severe 
UC and active CD refractory to TNF inhibitors. However, main-
taining the optimal trough level in the blood is essential for the 
rapid induction of remission when using CsA and TAC. More-
over, in the case of severe UC, physicians should avoid missing 
the optimal timing for surgical treatment. 

6. Biologics

We are currently in the era of biologics for IBD treat-
ment. In Japan, infliximab, adalimumab and golimumab, and 
ustekinumab are now available. The emergence of biologics has 
drastically changed the natural history of CD and UC. Addition-
ally, treatment with TNF inhibitors has changed several aspects 
of treatment, including therapeutic concepts, disease concepts, 
and therapeutic goals. 

1) Change in the evaluation of disease activity
The previous clinical trial evaluated the efficacy of several 

new drugs in IBD patients by using a clinical symptoms score, 
such as the CD activity index or the clinical activity index. Cur-
rently, disease activity is evaluated objectively based on endo-
scopic findings, calprotectin, and magnetic resonance imaging. 
Among these approaches, the relevance of the endoscopic activ-
ity of UC has been translated into the new concept of “mucosal 
healing” as a therapeutic goal because accumulating evidence 
indicates the favorable prognostic value of a healed mucosa in 
the clinical outcome of IBD. In particular, mucosal healing as-
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sessed by endoscopy seems to be the gold standard for evaluat-
ing UC activity. Moreover, the concept of “deep remission” has 
also emerged. With these changes in the evaluation of disease 
activity, the “treat to target” strategy, which uses objective clini-
cal and biochemical outcome measures to assist clinicians in 
making decisions related to therapy modification, has spread in 
the IBD field. 

2) The emergence of the concept of “top-down” in IBD 
treatment

The term “top-down” in the context of IBD therapy, particu-
larly for CD patients, means that biologicals and immunosup-
pressants are applied immediately after the diagnosis of CD as 
a first-line therapy. A landmark paper on top-down therapy by 
D’Haens et al.60 demonstrated that early combined immuno-
suppression was superior to conventional management. Later, 
REACT study suggested that early combined immunosuppres-
sion was not more effective than conventional management 
for controlling CD symptoms; however, this approach could 
avoid complications related to CD.61 The rationale for such an 
approach comes from rheumatology where an early interven-
tion with biologicals is thought to be “disease-modifying,” for 
example, such an approach prevents the progressive destruc-
tion of joints. However, if a top-down therapeutic approach is 
recommended for all patients diagnosed with CD, a significant 
number of patients will be overtreated.

3) TNF- inhibitors
TNF is a prototypic member of a large family of cytokines 

that play important roles in the regulation of the innate and 
adaptive immune system. TNF itself is a key player in the ini-
tiation and orchestration of inflammation and immunity and 
is a potent proinflammatory cytokine, which is predominantly 

produced by activated immune cells in response to infections 
and during tissue repair (Fig. 7). However, the dysregulation of 
TNF expression and signaling can cause chronic inflammation, 
which could result in the development of autoimmune diseases 
and tissue damage. In fact, elevated TNF levels have been as-
sociated with disease activity in several diseases such as IBD. In 
this context, treatment with TNF inhibitors has been success-
fully performed. 

4) Clinical trial data for several TNF inhibitors
TNF inhibitors, such as infliximab and adalimumab, have 

proven to be effective for CD and UC in various controlled tri-
als.62-66 On the other hand, we encountered an important clinical 
issue regarding how to treat primary nonresponders and second 
nonresponders (who lose clinical remission over time) to TNF 
inhibitors. Several investigators have shown that approximately 
one-third of CD patients suffer primary response failure. In the 
case of primary nonresponder, we must consider that complica-
tions, such as severe stricture, intestinal fistula, and abdominal 
abscess, influence the therapeutic efficacy of TNF inhibitors, 
and the patient’s condition affects the pharmacokinetics of 
TNF inhibitors and the involvement of other inflammatory 
pathways beyond TNF in pathogenesis. In the case of second-
ary nonresponders, several clinical trials showed that 40% to 
50% of patients with CD who responded to an anti-TNF agent 
lost the response within 6 to 12 months. The development of 
antibodies against anti-TNF drugs and the associated low se-
rum trough concentrations of drugs have been implicated as 
predisposing factors to secondary failure in IBD patients treated 
with TNF inhibitors. To overcome this issue, we should improve 
unsatisfactory patient compliance in connection with the self-
administration of drugs (if it exists), and intensify therapy using 
increased dosages and/or shortened intervals of administration 

Fig. 7. Mechanism of action of tu-
mor necrosis factor (TNF) inhibitors. 
MAPK, mitogen-activated protein 
kinase; JNK, c-Jun N terminal 
kinase; IKK, inhibitor of kappa B 
kinase; IkB, nuclear factor of kappa 
light polypeptide gene enhancer in 
B-cells inhibitor; NF-kB, nuclear 
facor-kB; AP-1, activator protein- 
1; MLKL, mixed lineage kinase 
domain-like protein. Modified from 
Nakase H. To master the optimal 
therapy for ulcerative colitis. Tokyo: 
Igakutokangosha Co., Ltd., 2018, 
with permission.2
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of the same TNF-α inhibitor concomitantly with immunomodu-
lators. 

Recently, golimumab (a fully human monoclonal IgG1 an-
tibody developed by Janssen Biotech, Inc.) was approved for 
moderately to severely active UC patients who have had an 
inadequate response to conventional therapy including CSs and 
6-MP and AZA, or who are intolerant to or have medical con-
traindications for such therapies.67 The 4-week dosing interval 
for golimumab may be explained by the fact that in vitro and 
in vivo affinity of golimumab for soluble human TNF-α is sig-
nificantly higher than that of adalimumab. However, we must 
remember that the role of golimumab in treating acute severe 
colitis remains to be determined. In clinical practice, intravenous 
infliximab appears to be the most effective and suitable therapy 
because of its rapid action. 

5) Anti-IL12/23 antibody (ustekinumab) 
IL-12 and IL-23 are produced by antigen-presenting cells 

(APCs) during intestinal inflammation.68 Dendritic cells and 
macrophages showed augmented production of IL-12 (which 
is composed of the p35 and p40 subunits) and IL-23 (which is 
composed of the IL-12 p40 subunit and a p19 subunit). IL-12 
signals through STAT4 and the central role of this transcription 
factor in skewing naïve Th cells toward the Th1 phenotype has 
been well documented. IL-23 triggers the heterodimerization of 
IL-12Rβ1 and IL-23R. Subsequently, signal transduction path-
ways, including Tyk2 and JAK2 /STAT4 and 3, are activated. IL-
23 plays an important role in expanding and maintaining the 
Th-17 cell population. Preclinical studies have implicated IL-12 
and IL-23 in the pathophysiology of CD.69 In addition, genome-

wide association studies have shown an association between 
the IL-12/IL-23 pathway and CD.70 Ustekinumab, a fully human 
IgG1k monoclonal antibody, blocks the biologic activity of IL-
12 and IL-23 through their common p40 subunit by inhibiting 
receptors for these two cytokines on T cells, natural killer cells, 
and APCs (Fig. 8). Ustekinumab demonstrated therapeutic ef-
ficacy in induction and maintenance therapy in patients with 
moderately and severely active CD in the UNITI trials.71 Al-
though the use of ustekinumab for up to 5 years is safe and has 
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Fig. 9. Mechanism of vedolizumab. 
Modified from Nakase H. To master 
the optimal therapy for ulcerative 
colitis. Tokyo: Igakutokangosha Co., 
Ltd., 2018, with permission.2
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no increased risk of malignancy based on experience in plaque 
psoriasis and psoriatic arthritis, more clinical data regarding the 
long-term safety of this drugs in CD patients is needed.

6) Anti-adhesion molecules
Vedolizumab, a mAb that targets α4β7 integrins, resulting 

in a gut-selective mechanism of action, has emerged for the 
induction of remission in moderately active UC patients (Fig. 
9).72 Vedolizumab is considered to have a lower risk of progres-
sive multifocal leukoencephalopathy than natalizumab, which 
binds the α4β1 integrin, that is involved in brain lymphocyte 
trafficking.73 This biologic is expected to be a second-line bio-
logic agent after anti-TNF agents. In clinical practice, physicians 
might be aware of the potentially slower onset of action of ve-
dolizumab. Therefore, the combination with CSs or calcineurin 
inhibitors or TNF inhibitors should be considered during the in-
duction period.74,75 In this regard, TNF inhibitors or ustekinumab 
may be more favorable as a first-line therapy in patients with 
severe active CD. 

7. JAK inhibitors

The JAK enzymes, which are named after the two-faced Ro-
man god Janus, play important roles in the signaling pathways 
of several cytokines through their receptors.76 Different combi-
nations of JAK1, 2, 3 and tyrosine kinase (TYK) 2 are involved 
in the signaling of inflammatory cytokines. For example, the 
JAK1 and JAK3 are tyrosine kinases that mediate signal trans-
duction activity involving the common gamma chain of the 
surface receptors for multiple cytokines, including IL-2, IL-4, IL-
7, IL-9, IL-15, and IL-21. The JAK inhibitor tofacitinib, which 
selectively inhibits JAK1 and JAK3, has been used for the treat-
ment of rheumatoid arthritis and psoriasis (Fig. 10). Regarding 
the efficacy of tofacitinib in patients with moderate to severe 

UC, the results of two large phase III trials (Octave 1 and 2) con-
firmed the efficacy of tofacitinib in inducing and maintaining 
remission.77 

Tofacitinib appears to be safe. However, the long-term safety 
of this agent in the treatment of UC remains unclear. Addition-
ally, we must deliberately administer tofacitinib to elderly pa-
tients with UC because clinical trial data showed an increasing 
risk of Herpes zoster in patients with UC who were greater than 
65-year-old.

8. Future directions

What is the next step? To move toward a “treat to target” 
strategy, objective assessment of inflammation is now critical. 
Therefore, endoscopic, histological and radiological assessment 
tools, as well as the use of biomarkers (calprotectin and fecal 
immunochemical test) and quality of life evaluation, should be 
taken into consideration as domains of disease activity assess-
ment in patients with IBD. 

The management of IBD has been transformed over the 
past two decades by the emergence of several biologics. Re-
cently, new drugs have been approved, and these drugs target 
leukocyte-trafficking molecules (vedolizumab) or other inflam-
matory cytokines (ustekinumab). Brand-new treatments are cur-
rently being developed for IBD and represent promising targets 
as they involve other mechanisms of action (JAK molecules, 
sphingosine-1-phosphate receptor modulators, etc.). Beyond 
TNF antagonist agents, these alternative drugs might be needed 
for early-stage treatment in patients with aggressive IBD or pa-
tients whose disease is resistant to conventional therapy. Thus, 
the current clinical issue is to decide the optimal roles of several 
new drugs in IBD treatment, and more clinical data are required 
to confirm the long-term safety of each drug. Fecal microbiota 
transplantation and treatments with nucleotides and mesenchy-

Fig. 10. Mechanism of Janus kinase 
(JAK) inhibitors. 
STAT, signal transducer and activa-
tor of transcription; P, phosphoric 
acid. Modified from Nakase H. To 
master the optimal therapy for ulcer-
ative colitis. Tokyo: Igakutokango-
sha Co., Ltd., 2018, with permission.2

Cytosol

Inflammatory cytokines

Cytokine receptors

JAK

STAT

Cytokine production

Tofactinib

Control of JAK pathway by

binding ATP site at JAK

In
fla

m
m

ato
ry

lo
op

STAT

STAT

P

JAK

Nucleus

P



 Nakase H: How to Optimize IBD Treatments  17

mal stem cells, are expected to become available in the future; 
however, the clinical application of these treatments is prema-
ture. Personalized medicine is the next step for IBD patients. In 
the future, finding patients who are at high risk of progression 
or complications and better characterizing patients who respond 
preferentially to specific therapies is essential for the optimal 
management of patients with IBD. 

Finally, I would like to say “Be familiar with the mechanisms 
of action of the drug and know your IBD patients, and you 
make them happy.” 
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