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rohn’s disease and ulcerative colitis, together referred to as
inflammatory bowel disease (IBD), are chronic systemic inflammatory
disorders.1 These conditions target primarily the gastrointestinal tract but
can affect many organ systems through extraintestinal manifestations (e.g., peripheral and axial arthritis, episcleritis, primary sclerosing cholangitis, or pyoderma
gangrenosum).2 Ulcerative colitis is restricted to the colon, whereas Crohn’s disease is characterized by involvement of the gastrointestinal tract from mouth to
anus in a discontinuous fashion, with the development of strictures, abscesses, or
fistulas that penetrate neighboring organs or the perianal skin. The initial clinical
presentation depends on the extent and activity of the disease and may include
abdominal pain, diarrhea (frequently nocturnal in addition to diurnal) with passage of blood and mucus, fever, and clinical signs of bowel obstruction, as well as
anemia and elevated measures of laboratory markers of inflammation. With no
cure, an increased risk of various digestive and other malignant processes associated with uncontrolled inflammation,3 and possible involvement of virtually the
entire human body, IBD requires lifelong care to prevent or delay progression, with
close collaboration between generalists and specialists.
An improved understanding of the complex pathogenesis of Crohn’s disease
and ulcerative colitis4 has led to a therapeutic strategy (Fig. 1) focused on hard end
points (e.g., clinical and endoscopic remission)5 and precise molecular targeting
of inf lammatory cascades. Since the 1997 report on the use of inf liximab6
(a monoclonal antibody against tumor necrosis factor α [TNF-α]) in patients with
Crohn’s disease, three additional anti–TNF-α antibodies, two anti-integrin antibodies, a biologic agent against the p40 subunit of interleukin-12/23, a Janus kinase
(JAK) inhibitor, and a sphingosine-1-phosphate (S1P)–receptor modulator have
been approved for the treatment of IBD, expanding therapeutic options but complicating initial choices and subsequent treatment. In this review, we discuss how
to initiate, switch, combine, and terminate such therapies.

M a nagemen t of IBD w i th Ta rge ted Ther a pie s
Compound selection, sequencing, combination, monitoring, and adjustment are
part of a continuum of decisions that take into consideration the patient’s history,
the disease phenotype, coexisting conditions, the patient’s goals and preferences,
disease activity, treatment efficacy, and side effects, all of which may change over
time (Fig. 1).
There is consensus from the American Gastroenterological Association and the
European Crohn’s and Colitis Organisation that biologic agents, novel small
molecules, or both are generally indicated in patients with moderate-to-severe,
active disease who do not have a response to mesalamine or have unacceptable
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ffeasible)
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remission plus endoscopic
remission after 3 mo of
active disease

Clinical (general)

Evaluate for fever and signs of infection, bleeding, weight loss,
fistula, skin, joint pain, fatigue, mood

Clinical
(activity score)

Harvey Bradshaw Index
(remission ≤4)

Partial Mayo Clinic score
(remission ≤1 plus
bleeding score 0)

Endoscopy

CDEIS
SES-CD ≤3 or C
DEIS score <3
(remission) or healed ulcers at
ileocolonoscopy (or in crosssectional imaging [ultrasonography,
MRI, MRE, CT, CTE] if no
endoscopy possible)

Mayo Clinic endoscopic
subscore (remission ≤1)

Histology

Research on scoring is in progress

Nancy Index: 0
Robarts Histopathology
Index: ≤6

Imaging

Abdominal ultrasonography,
including gut, and abdominal
CT, CTE, MRI, or MRE

Abdominal ultrasonography,
including gut, and
abdominal CT or MRI

Laboratory tests

Routine: complete blood count, blood chemical analysis,
C-reactive protein, fecal calprotectin

Flare or complication
Loss of response? Side effect?
New complication or
phenotype? Surgery?

Consider drug holiday
Temporarily pause therapy

Consider de-escalation
Dosing, drug class,
monotherapy vs. combination
therapy

Assess phenotype
and coexisting conditions
Extraintestinal manifestations?
Cardiovascular risks? Multiple
sclerosis? Cancer? Infection?
Vaccination status?

Assess disease activity
Clinical scores; endoscopic,
histologic, and imaging
findings; biomarkers; drug
and drug-antibody levels;
patient-reported outcomes

Empower patient
Ask about goals, educate
about risks and benefits, and
consider therapy preferences

If infection suspected: Clostridium difficile, CMV, stool cultures
Before immunosuppressive therapy: vaccination status, rule out
hepatitis B and C, HIV, tuberculosis, EBV, CMV, and C. difficile
infection
Therapeutic drug and biomarker monitoring: biologic trough
levels and antidrug antibodies, fecal calprotectin

Maintain remission
Monitor patient, biomarkers,
drug levels, and antidrug
antibodies; screen for cancer

Patient-reported
outcomes

Resolution of abdominal pain and
normalization of bowel habits plus
meet patient’s goals, reduce fa
ffatigue,
tigue,
improve QoL, avoid disability

Resolution of rectal
bleeding and normalization
of bowel habits plus meet
patient’s goals, reduce
ffatigue,
fa
tigue, improve QoL, avoid
disability

Verify

Consider national guidelines
and insurance coverage

Select, adjust, or
change therapy

Treatment goals
accomplished? Remission?

Figure 1. Medical Management Cycle for Inflammatory Bowel Disease.
Therapeutic goals are adapted from the STRIDE (Selecting Therapeutic Targets in Inflammatory Bowel Disease) initiative.5 For details
about the scores and indexes, see the Supplementary Appendix. CDEIS denotes Crohn’s Disease Endoscopic Index of Severity, CMV cytomegalovirus, CT computed tomography, CTE computed tomographic enterography, EBV Epstein–Barr virus, HIV human immunodeficiency virus, MRE magnetic resonance enterography, MRI magnetic resonance imaging, QoL quality of life, and SES-CD Simple Endoscopic Score for Crohn’s Disease.

side effects from that agent (in the case of ulcer- rines or methotrexate or have unacceptable side
ative colitis), who are dependent on glucocorti- effects from those agents.7-10 In addition, Crohn’s
coids, or who do not have a response to thiopu- disease with fistulas or extraintestinal manifesn engl j med 385;14

nejm.org

September 30, 2021

The New England Journal of Medicine
Downloaded from nejm.org by paulo TANNUS JORGE on September 29, 2021. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.

1303

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

tations2 may warrant consideration of biologic
therapy. Table S1 in the Supplementary Appendix (available with the full text of this article at
NEJM.org) summarizes compounds, administration routes, indications for dosing, and details
of approval by the Food and Drug Administration (FDA), the European Medicines Agency, or
both. Tables S2 and S3 list the names, acronyms,
and registration numbers for pivotal trials, and
Figure S1 summarizes the efficacy data.

than when the reason was loss of response (in
45%) or no response (in 30%).17 Generally, patients who do not have a response to primary
treatment with an adequate dose of an anti–
TNF-α drug should be switched to an agent with
another mechanism of action.
Anti–TNF-α therapy is associated with an increased risk of opportunistic infections,18 as well
as heart failure and cancers over time.19 Acute
infusion reactions occur in 5 to 10% of patients,
particularly with infliximab because of its chiCrohn’s Disease
meric design, and it is important to anticipate
Anti–TNF-α Biologic Agents
such reactions in association with episodic adFor patients with moderate-to-severe luminal ministration.20
Crohn’s disease, extraintestinal manifestations,2
and complex perianal fistulas,11 anti–TNF-α mono- Anti–Interleukin-12/23 p40 Biologics
clonal antibodies (Table S1) have long been Ustekinumab, a monoclonal antibody against
considered first-line biologics (in combination interleukin-12/23 p40 (Fig. 2 and Table S1), was
with ciprofloxacin and placement of a seton [a thin approved for the treatment of Crohn’s disease
silicone string] within the fistula tract). Both on the basis of two randomized, controlled ininfliximab and adalimumab have been reported duction trials involving patients in whom anti–
to prevent postoperative recurrence of Crohn’s TNF-α therapies had failed. In the UNITI-1 trial,
disease.12,13 They act mainly through blockade of ustekinumab was compared with placebo in
soluble and membrane-bound TNF-α, induction patients who had not had a response to anti–
of antibody- or complement-dependent cellular TNF-α therapy, and in the UNITI-2 trial,
toxicity, induction of direct and indirect apo ustekinumab was evaluated in patients in whom
ptosis of TNF-α–producing T cells and macro- conventional therapy had failed, with a maintephages, outside–inside signaling, enhancement nance phase in which patients with a response to
of intestinal barrier function, and induction of induction therapy underwent a second randomizaregulatory macrophages and T cells.14 However, tion to the study drug or placebo (IM-UNITI).22,23
approximately one third of patients either do not In endoscopic and histologic substudies involving
have an initial response or stop having a re- patients who participated in UNITI-1, UNITI-2,
sponse. It is thought that a unique cellular mod- and IM-UNITI, ustekinumab was associated with
ule15 of IgG plasma cells, inflammatory mono- greater reductions in the Simple Endoscopic Score
nuclear phagocytes, activated T cells, and stromal for Crohn’s Disease and the global histologic
cells with distinct ligand-receptor interaction activity score at week 8, as compared with planetwork connectivity in the inflamed mucosa of cebo (Fig. S1).24,25 A subgroup analysis of fispatients with ileal Crohn’s disease may explain tula healing has not yet been fully published.
the failure to achieve glucocorticoid-free remis- Ustekinumab was reported to control psoriasision with anti–TNF-α therapy.16
form skin lesions associated with anti–TNF-α
The success of a switch to a second anti– treatment.26
TNF-α drug depends on the reason for withAn extension study in which patients with a redrawal of the first drug. In a meta-analysis of sponse to ustekinumab in the UNITI-1, UNITI-2,
37 studies, patients receiving infliximab were and IM-UNITI program underwent rerandomswitched to adalimumab or certolizumab and ization did not detect new safety signals over a
patients receiving adalimumab were switched to period of 96 weeks.27 One decade of safety data
infliximab; the overall clinical remission rate from PSOLAR (Psoriasis Longitudinal Assesswas 43% with the second anti–TNF-α drug. The ment and Registry)28 suggests that ustekinumab
remission rate was higher when the reason for is not associated with an increase in the risk of
withdrawal of the initial drug was an unaccept- cancer, major adverse cardiovascular events, seable adverse-event profile (in 61% of patients) rious infection, or death.
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Figure 2. Anti–Interleukin-12/23 Biologic Agents.
The interleukin-12 cytokine family (interleukin-12, interleukin-23, and interleukin-27) has a critical role in inflammation.21 Interleukin-12 promotes differentiation of naive T cells into type 1 helper T (Th1) cells expressing interleukin-6,
interferon-γ, and tumor necrosis factor α (TNF-α), and exposure of type 17 helper T (Th17) cells to interleukin-23
results in Th17 cells expressing interleukin-17, interferon-γ, granulocyte–macrophage colony-stimulating factor
(GM-CSF), TNF-α, and interleukin-21, all of which promote mucosal inflammation. Interleukin-12 signaling occurs
through a heterodimeric receptor complex: interleukin-12 receptor β1 (IL-12Rβ1) and interleukin-12 receptor β2
(IL-12Rβ2). The interleukin-12 p40 chain can also dimerize with interleukin-23 p19 to form interleukin-23. The receptor for interleukin-23 (IL-23R) consists of IL-12Rβ1, which is shared with interleukin-12, and a unique interleukin-23
receptor α (IL-23Rα) chain. IL-12Rβ1 is also expressed on T cells, natural killer cells, B cells, dendritic cells, macrophages, and microglia. IL-23R is also expressed on memory T cells, gamma–delta T cells, natural killer cells, innate
lymphoid cells, and neutrophils.

Anti-Integrin Biologics

Although natalizumab, a monoclonal antibody
against α4 integrins (Fig. 3 and Table S1), has
been shown to induce and maintain clinical remission in patients with Crohn’s disease,34 its use
has largely been abandoned outside the United
States because of the risk of progressive multifocal leukoencephalopathy due to JC virus reactivation. Vedolizumab, a monoclonal antibody against
α4 β7 integrin (Fig. 3 and Table S1), was approved
for the treatment of Crohn’s disease on the basis
of its ability to induce clinical remission in both
patients who have been exposed to anti–TNF-α
therapy and those who have not been exposed,
as shown in the GEMINI-2 study, a randomized,
controlled trial.35 Data on open-label mucosal
healing are also available, but with no comparison group.36 The role of vedolizumab in the

n engl j med 385;14

management of extraintestinal manifestations is
less clear-cut. Published data from the post hoc
GEMINI study37 and the prospective OBSERV-IBD
study38 indicate that vedolizumab may be useful
for patients who have Crohn’s disease with peripheral arthritis. In a case series, however,
flares of arthritis, sacroiliitis, or both were reported with vedolizumab.39
Further Considerations for Drug Selection

Clinical remission is associated with an absence
of prior anti–TNF-α exposure,36,40 bowel surgery,40
and fistulizing disease40; low albumin and Creactive protein levels40; an abundance of selected microbial species at baseline41; the presence of colonic inf lammation35,36; and a short
disease duration.42 Because of their mechanism
of action, ustekinumab27,28,43 and vedolizumab44
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Figure 3. Anti-Integrin Biologic Agents.
Gut homing of intestinal T cells is facilitated by chemokines and integrins. Ontamalimab blocks mucosal addressin cellular adhesion
molecule 1 (MAdCAM-1). Natalizumab targets α4 chains of integrins and blocks the interaction between α4β1 and fibronectin, α4β1
and vascular-cell adhesion molecule 1 (VCAM-1), and α4β7 and MAdCAM-1. Vedolizumab targets α4β7 integrin and its interaction with
MAdCAM-1. The α4β7 integrin is also expressed on nonclassical monocytes (Mo),29 plasmablasts (PB), and conventional (myeloid) dendritic cells (cDCs).30 Successful treatment of ulcerative colitis with vedolizumab does not appear to be associated with major trafficking
changes but has substantial effects on innate immunity31 and lymphoid aggregate attrition, mainly in the terminal ileum.32 Etrolizumab
targets the β7 subunit of the heterodimeric α4β7 and αEβ7 integrins, thereby inhibiting binding with MAdCAM-1 and epithelial E-cadherin,
respectively. The αE β7 integrin appears to be important in gut homing and retention of CD8+ T cells and CD4+ type 9 helper T (Th9)
cells expanded in the inflamed intestinal mucosa33 and migration of cDCs to mesenteric lymph nodes. ICAM denotes intercellular adhesion molecule, and PMN polymorphonuclear cell.

have an apparent safety advantage over anti–
TNF-α biologics.18 Accordingly, these agents may
be the preferred choice in patients who are older
than 60 years of age and in those with coexisting conditions or other factors precluding anti–
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TNF-α use. A network meta-analysis of five
agents ranked infliximab and adalimumab as the
most effective for inducing clinical remission in
patients with no previous exposure to anti–TNF-α
agents (surface under the cumulative ranking
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A Mesenchymal stem-cell harvesting

Darvadstrocel (expanded
mesenchymal stem
[stromal] cells)

dsRNA, interferon-γ, TNF-α
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Culture and expansion of adipose-derived
mesenchymal stem (stromal) cells

Liposuction and
harvesting of fat cells

M0
Activated mesenchymal
stem (stromal) cell

B Stem-cell injection and activation

sHLA-G,
TGF-β, PGE2,
NO, HGF, HO
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IDO, PGE2
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T
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Figure 4. Allogeneic Mesenchymal Stem Cells.
Allogeneic mesenchymal stem (stromal) cells are harvested from adipose tissue through liposuction. After débridement with a curette,
flushing with saline, and closure of internal fistula tract openings, cultured and expanded cells (darvadstrocel) are injected next to the
tract. Their local exposure to TNF-α and interferon-γ or toll-like receptor 3 engagement by double-stranded RNA (dsRNA) is believed to
induce an immunosuppressive phenotype with secretion of indoleamine (IDO), prostaglandin E2 (PGE2), nitric oxide (NO), transforming
growth factor β (TGF-β), hepatocyte growth factor (HGF), heme oxygenase (HO), and soluble HLA-G (sHLA-G), all of which are known
to suppress T-cell proliferation and drive differentiation into regulatory T cells (Tregs). Moreover, the production of interleukin-6, IDO,
and PGE2 by the mesenchymal stem cells, together with cell–cell contacts, transforms M0 macrophages into antiinflammatory M2 macrophages. M2 macrophages secrete interleukin-10 and chemokine (C-C motif) ligand 18 (CCL18) and thereby also promote Treg differentiation.45

curve [SUCRA], 0.93 and 0.75, respectively) and
for maintaining the response to primary anti–
TNF-α treatment in patients with an initial response (SUCRA, 0.68 and 0.97, respectively).43
Adalimumab and ustekinumab were ranked as
most effective for inducing clinical remission in
patients with previous exposure to anti–TNF-α
therapy and for those for whom such therapy
was associated with an unacceptable adverseevent profile (SUCRA, 0.91 and 0.71, respectively).
Fistulas remain a challenge for patients with

n engl j med 385;14

Crohn’s disease, since available treatments are
suboptimal, and recurrence is frequent. Darvadstrocel, a preparation of expanded allogeneic,
adipose-derived mesenchymal stem cells (Fig. 4
and Table S1), administered through local injection, has been approved for the treatment of fistulizing Crohn’s disease.46,47 The long-term efficacy and time frame for retreatment, if needed,
are currently being investigated in the INSPIRE
trial (European Union Electronic Register of PostAuthorisation Studies number, EUPAS24267).
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Anti–TNF-α Biologics

Initially, only anti–TNF-α biologics were approved
for the treatment of ulcerative colitis, on the
basis of data from randomized, controlled trials
(Table S1).7,10 Not all patients have a response to
the initial administration of anti–TNF-α biologics; furthermore, a secondary nonresponse may
occur after an initially positive response. A successful switch to a second anti–TNF-α agent has
been reported. In a meta-analysis of eight studies in which infliximab was switched to adalimu
mab, six of the studies showed clinical remission rates ranging from 0 to 50%.17 The order of
agents may be important; for example, the switch
from subcutaneous golimumab or adalimumab
to intravenous infliximab appears to be more
successful than the reverse sequence.48
Vedolizumab

Data from GEMINI-1 showed that vedolizumab
induces clinical remission and mucosal healing
in patients who have received anti–TNF-α agents,
as well as in those who have not. As a result, the
2014 approval of vedolizumab (Fig. 3 and Table
S1) was an important milestone for the treatment
of ulcerative colitis, not only as an alternative to
anti–TNF-α biologics but also as the first compound selectively targeting gut inflammation.49
The ongoing EARNEST study is investigating the
use of vedolizumab in patients with pouchitis.
Ustekinumab

In 2019, biologic treatment options for ulcerative
colitis were further expanded with the approval
of ustekinumab (Fig. 2 and Table S1) on the basis
of data from UNIFI, a prospective, randomized,
controlled trial of ustekinumab for the induction
and maintenance of clinical remission in patients with ulcerative colitis, including those
in whom other biologic therapies had failed.50 In
UNIFI, combined histologic and endoscopic mucosal healing was achieved at week 8 of the induction phase.

of

m e dic i n e

lems with adherence to the treatment regimen
because of the need for parenteral administration.
Tofacitinib, an oral, pan-JAK inhibitor, was
approved for patients with ulcerative colitis on
the basis of three randomized, controlled trials
(the OCTAVE 1 and 2 induction trials and the
OCTAVE Sustain maintenance trial) showing
that this agent induced and maintained clinical
remission, as well as mucosal healing, in patients
with ulcerative colitis who did not have a response
to conventional or anti–TNF-α therapy.51,52 A
secondary safety analysis of tofacitinib showed
increased, dose-dependent incidence rates of
herpes zoster infection. The incidence rate was
2.1 (95% confidence interval [CI], 0.4 to 6.0) at
a dose of 5 mg twice a day and 6.6 (95% CI, 3.2
to 12.2) at a dose of 10 mg twice a day, as compared with an incidence rate of 1.0 (95% CI, 0.0
to 5.4) with placebo. Increasing age, Asian ancestry, and prior anti–TNF-α failure were identified
as significant risk factors for zoster.53 A herpes
zoster subunit recombinant vaccine with the AS01B
adjuvant system (Shingrix, GlaxoSmithKline) was
approved for adults 50 years of age or older.
Tofacitinib reduces cholesterol catabolism associated with inflammation.54 A pooled analysis
of five ulcerative colitis trials showed that dosedependent, reversible increases in serum lipid
levels (total cholesterol, high-density lipoprotein
cholesterol, and low-density lipoprotein cholesterol) were inversely correlated with inflammation (C-reactive protein level).55 However, higher
all-cause mortality, including sudden death from
cardiovascular causes, and an increased incidence of thromboembolic events were reported
among older patients with rheumatoid arthritis
(>65 years of age) who received 10 mg of tofacitinib twice a day and who had at least one cardiovascular risk factor. This prompted the FDA
to restrict the use of tofacitinib for the treatment
of ulcerative colitis to patients in whom anti–
TNF-α therapy had failed (Table S1). In addition,
tofacitinib is feticidal and teratogenic in animals.
Ozanimod

Tofacitinib

Tofacitinib (Fig. S2 and Table S1) is the first of
the newer small-molecule agents for the treatment of chronic inflammatory disorders. These
agents overcome the challenges of biologic
therapy, such as immunogenicity (see the section
below on guiding targeted therapies) and prob1308
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Ozanimod is another new small-molecule agent
for the treatment of ulcerative colitis. It is an
oral S1P-receptor modulator with high binding
affinity to S1P receptor subtypes 1 and 5, which
leads to internalization of S1P subtype 1 receptors in lymphocytes and prevention of lymphocyte mobilization to inflammatory sites (Fig. S3
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and Table S1). Ozanimod induced and maintained clinical remission (16% of patients who
received 1 mg and 14% of patients who received
0.5 mg, vs. 6% of those who received placebo;
P = 0.048 and P = 0.14, respectively, for the comparison of the two doses of ozanimod with
placebo) in the phase 2 TOUCHSTONE ulcerative colitis trial.56 In the phase 3 True North
trial,57 the results of which are reported in this
issue of the Journal, the clinical remission rate
was significantly higher among patients receiving ozanimod than among those receiving placebo during both induction (18.4% [at a dose of
1 mg] vs. 6.0%, P<0.001) and maintenance (37.0%
vs. 18.5% [among patients with a response at
week 10], P<0.001), which led to FDA approval of
ozanimod in May 2021 for the induction and
maintenance of remission in adult patients with
moderately or severely active ulcerative colitis
(Table S1). Ozanimod treatment has been associated with serious adverse events, including opportunistic infections, bradycardia, atrioventricular conduction delays, liver injury, and macula
edema.
Further Considerations for Drug Selection

A network meta-analysis of five agents ranked
infliximab and vedolizumab as the most effective
for induction of clinical remission in patients
without previous exposure to anti–TNF-α agents,
as compared with adalimumab or golimumab
(odds ratio, 4.10 [95% CI, 2.58 to 6.52]; SUCRA,
0.85 vs. 0.82), and mucosal healing (SUCRA,
0.91 vs. 0.81).58 Tofacitinib was ranked highest
for induction of clinical remission (odds ratio,
11.88 [95% CI, 2.32 to 60.89]; SUCRA, 0.96) and
mucosal healing as a second-line agent in patients with previous exposure to anti–TNF-α
agents. At week 52 in the VARSITY trial, which
compared vedolizumab with adalimumab, the
rates of clinical remission and endoscopic improvement were higher with vedolizumab than
with adalimumab (rate of clinical remission,
31.3% vs. 22.5% [P = 0.006]; rate of endoscopic
improvement, 39.7% vs. 27.7% [P<0.001]).59 These
efficacy data, together with a gut-focused mechanism of action (Fig. 3) and low incidence rates
of serious infections, cancers, and infusion reactions, as well as the relative safety of this agent
in elderly patients, suggest that vedolizumab is
the first-choice biologic agent for patients with
ulcerative colitis.44
n engl j med 385;14

For patients with fulminant ulcerative colitis,
especially hospitalized patients who may require
colectomy, only infliximab has been prospectively
studied. This agent has been shown to be as
effective as cyclosporine (initial treatment failure
in 54% and 60% of patients, respectively; rate of
colectomy-free survival at 5 years, 65.1% and
61.5%, respectively) for patients in whom previous treatment with intravenous glucocorticoids
failed.60,61

C ombining Ta rge ted Ther a pie s
in IBD
Concomitant use of more than one drug requires
careful consideration of the risks (infection and
cancer) and potential benefits (synergy and fewer
toxic effects of individual compounds, decreased
immunogenicity, and increased efficacy, as well
as extended drug survival [the period from initial administration to discontinuation of ther
apy, which represents the duration of adherence
to a biologic agent]).
The SONIC62 and UC SUCCESS63 trials (Table
S2) showed that the combination of infliximab
and azathioprine, as compared with either drug
alone, was more likely to induce glucocorticoidfree clinical remission in patients with Crohn’s
disease (56.8% of patients in the combination
therapy group vs. 44.4% in the monotherapy
group, P = 0.02) at week 26 and in those with
ulcerative colitis (39.7% vs. 22.1%, P = 0.02) at
week 16. This benefit is probably due to reduced
formation of antidrug antibodies (see the section
below on guiding targeted therapies), which ensures sufficient drug levels. This explanation of
the benefit of combination therapy was confirmed by a post hoc analysis of data from the
SONIC study,64 for infliximab plus azathioprine
in patients with Crohn’s disease, and by the
PANTS study,65 for infliximab or adalimumab
plus either thiopurines or methotrexate in patients with Crohn’s disease and ulcerative colitis.
In the REACT trial, early combination therapy in
patients with Crohn’s disease, as compared with
conventional management, resulted in similar
practice-level remission rates (66.0% and 61.9%,
respectively), although combination therapy reduced surgical interventions, hospital admissions,
and serious disease-related complications.66 However, there is an increased risk of lymphoma
among patients exposed to combination therapy,
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as compared with those exposed to thiopurine
monotherapy (adjusted hazard ratio, 2.35 [95% CI,
1.31 to 4.22]; P<0.001) or anti–TNF-α monotherapy (adjusted hazard ratio, 2.53 [95% CI,
1.35 to 4.77]; P<0.001).19
In a case series involving 20 patients, vedolizu
mab combined with either cyclosporine or tacrolimus (as coinduction or salvage therapy) induced glucocorticoid-free clinical remission in
44% of patients with Crohn’s disease and 55%
of those with ulcerative colitis at week 14.67 Remission was maintained in 33% and 45% of
patients, respectively, at week 52.

Guiding Ta rge ted Ther a pie s
All biologics appear to be most effective when
used as first-line therapy. It is therefore critically
important to extend drug survival by optimizing
use to avoid premature switching and loss of
efficacy with subsequent lines of therapy, but it is
also important to recognize primary mechanistic failure and to limit exposure to an ineffective
drug. Monitoring of biomarkers such as fecal
calprotectin and C-reactive protein levels is an
important first step.
In a meta-analysis, increased fecal calprotectin
levels appeared to predict clinical recurrence during a 1-year follow-up, with sensitivity of 78%
and specificity of 73%.68 The CALM trial (Table
S2), involving patients with Crohn’s disease,
showed that timely escalation of anti–TNF-α
therapy on the basis of both clinical symptoms
and C-reactive protein and fecal calprotectin
levels resulted in better clinical and endoscopic
outcomes than symptom-driven decisions alone
(rate of mucosal healing with an absence of deep
ulcers at week 48, 46% vs. 30%; risk difference,
16.1 percentage points [95% CI, 3.9 to 28.3];
P = 0.01).69
A major caveat is that the use of biologics
may trigger host immune responses to the administered compound, with the development of
antidrug antibodies that subsequently prevent
target engagement and may lead to systemic
responses in the patient. Immunogenicity and
the host immune response vary, so formation of
antibiologic antibodies against the first agent of
a given class may trigger similar responses with
the next agent in the same class and result in
treatment failure.70 The circulating antidrug immune complexes that ensue can affect drug clear1310
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ance, ultimately resulting in subtherapeutic drug
levels associated with primary nonresponse or
secondary loss of response.71 More favorable
clinical outcomes with appropriate or higher
drug concentrations have been reported for all
anti–TNF-α biologics but more recently also for
vedolizumab72 and ustekinumab.73
At present, biomarker and drug-level monitoring with antidrug antibody detection (commonly
referred to as therapeutic drug monitoring)
should guide therapy.74 In patients with secondary loss of response to a given agent, reactive
therapeutic drug monitoring is recommended,
which may help to separate pharmacokinetic
and pharmacodynamic causes from immunogenic causes.
Proactive therapeutic drug monitoring before
there is an actual loss of response is debated and
is the subject of ongoing research. The PAILOT
trial,75 the PANTS study,65 and a post hoc analysis
of the TAILORIX trial76 (Table S2) have provided
evidence in support of proactive therapeutic drug
monitoring for adalimumab and infliximab in
patients with Crohn’s disease, showing increased
rates of clinical remission and mucosal healing
and decreased immunogenicity.
Expedited off-site testing with mobile health
technology77 and population-based, model-
informed precision dosing with decision-support
algorithms that are integrated with electronic
medical records78 may help overcome challenges
in therapeutic drug monitoring due to differences
in pharmacokinetics, laboratory assays, antidrug
antibody thresholds and drug concentrations
required for different diseases, phenotypes, and
end points (i.e., clinical vs. endoscopic remission).

E x i t S t r ategie s
Although both patients and clinicians hope to
avoid the undesirable consequences of long-term
biologic therapy, data from randomized, controlled clinical trials of exit strategies are lacking. In the STORI withdrawal studies (Table S2)
involving patients with Crohn’s disease, 52 of
115 patients treated with combination therapy
had a relapse within 1 year79 after discontinuation of infliximab and 21 of 102 patients had a
relapse after 7 years,80 but infliximab was ultimately restarted without evident complications
or loss of response in 69.9% of the patients.
Factors independently associated with major
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complications were upper gastrointestinal involvement, elevated white-cell counts, and anemia at the time of infliximab withdrawal. These
data were corroborated in a meta-analysis of 21
infliximab and 6 adalimumab studies, which
showed an overall relapse risk of 44% among
patients with Crohn’s disease and 38% among
those with ulcerative colitis; the rate of successful retreatment with the same anti–TNF-α agent
was 80%.81 In a retrospective, multicenter withdrawal study involving 1055 patients treated
with adalimumab or infliximab, relapse incidence rates were 19% per patient-year for patients with Crohn’s disease and 17% for those
with ulcerative colitis.82
Such data have been contradicted by other
research showing that severe infusion reactions
increased and prevented successful retreatment
with infliximab.83 Furthermore, even with continually scheduled infliximab administration (as
opposed to administration on an as-needed
basis), immunogenicity can occur.71 The risk of
relapse or a decreased treatment response after
de-escalation or cessation of other biologics is
unknown. The European Crohn’s and Colitis
Organisation recommends discussing exit strategies with patients and making decisions on a
case-by-case basis,84 preferably in cases of longstanding clinical, biochemical, and endoscopic remission without repeated dose escalation (Fig. 1).
Regular monitoring of biomarkers, drug levels,
and drug antibodies71 could predict relapse and
allow for an early intervention, but the clinical
value and cost-effectiveness of such monitoring
need to be established in rigorous trials first.

Sel ec ted Ne w Ta rge t s
a nd S t r ategie s
Many new targets are being explored (Tables S2,
S3, and S4). Some of these are noted below.
Leukocyte Adhesion and Trafficking

Etrolizumab,85 which targets the β7 subunit of
the heterodimeric α4 β7 and αEβ7 integrins
(Fig. 3), is in early-phase studies for the treatment
of Crohn’s disease (Table S3). In the phase 2
TURANDOT study,86 involving patients with
ulcerative colitis who had not previously received
anti–TNF-α therapy, ontamalimab induced clinical remission in three of four dose groups, but
the OPERA trials87 did not have similar results
n engl j med 385;14

with ontamalimab in patients with Crohn’s disease (Table S3).
Ozanimod, recently approved by the FDA for
use in ulcerative colitis, is also being studied for
use in Crohn’s disease. In the phase 2 STEPSTONE
study, an uncontrolled trial involving 69 patients
with Crohn’s disease,88 39.1% of patients (95% CI,
27.6 to 51.6) who received 1.0 mg of ozanimod
daily had clinical remission at week 12. The mean
(±SD) change from baseline on the Robarts Histopathology Index (Table S9) was −10.6±25.1.
Patients receiving a 2-mg dose of etrasimod,
another oral S1P receptor subtype 1 agonist (Fig.
S3), showed clinical improvement in the modified
Mayo Clinic score (difference from placebo, 0.99
points; 90% CI, 0.30 to 1.68; P = 0.009) and endoscopic improvement (41.8% of patients receiving etrasimod vs. 17.8% of patients receiving
placebo, P = 0.003) at week 12 in the phase 2
ELEVATE UC trial involving patients with ulcerative colitis.89
Cytokines and T-Cell Differentiation

Interleukin-23 and type 17 helper T cells appear
to be more important drivers of chronic inflammation than are interleukin-12 and type 1 helper
T cells (Fig. 2).90 Moreover, expansion of apoptosis-resistant intestinal T cells that are positive
for TNF receptor 2 and interleukin-23 receptor is
associated with resistance to anti–TNF-α therapy
in Crohn’s disease,91 rendering interleukin-23 a
suitable molecular target.
In a phase 2 study, risankizumab was significantly more effective than placebo in inducing
clinical remission in patients with Crohn’s disease at week 12 (pooled remission rate for the
200-mg dose and the 600-mg dose as compared
with placebo, 31% vs. 15%; P = 0.049); 93% of the
patients had been exposed to at least one anti–
TNF-α biologic, with no response in 79%.92 In a
phase 2 trial involving patients with Crohn’s
disease in whom at least one anti–TNF-α biologic had failed, brazikumab induced a clinical
response (response rate, 49.2%, vs. 26.7% with
placebo; P = 0.01), and its effectiveness may be
linked to baseline serum interleukin-22 levels.93
In a phase 2 trial, mirikizumab induced a clinical response in patients with ulcerative colitis;
although the primary end point (remission at
week 12) was not met, more than half the patients had a response after week 12.94 Guselku
mab, which is approved for plaque psoriasis,95 is
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also being developed for IBD (Tables S2, S3,
and S4).
Ongoing safety concerns with pan-JAK inhibitors such as tofacitinib are driving the development of more selective molecules (Fig. S2).
Upadacitinib induced clinical remission (remission rate at a dose of 6 mg twice a day, 27%, vs.
11% with placebo; P<0.10) and endoscopic remission (remission rate at a dose of 24 mg twice
a day, 22%, vs. 0% with placebo; P<0.01) at week
16 in the CELEST study, a phase 2 dose-ranging
study involving patients with Crohn’s disease.96
Upadacitinib also induced clinical remission (remission rate at a dose of 45 mg, 19.6%, vs. 0% with
placebo; P = 0.002) at week 8 in the U-ACHIEVE
phase 2 dose-ranging study involving patients with
ulcerative colitis.97 In both CELEST and U-ACHIEVE,
patients had unacceptable side effects or did not
have a response to conventional or anti–TNF-α
therapy.
Filgotinib induced clinical remission (remis
sion rate at a dose of 200 mg, 47%, vs. 23% with
placebo; P = 0.008) at week 10 in the phase 2
FITZROY trial involving patients with Crohn’s
disease who had been exposed to anti–TNF-α
therapy and those who had no previous exposure.98 The phase 2b/3 SELECTION trial involved
patients with ulcerative colitis who had or had
not been exposed to a TNF antagonist or vedoliz
umab.99 Filgotinib at a dose of 200 mg was more
effective than placebo in inducing remission
among patients who had not been exposed
(26.1% vs. 15.3%, P = 0.02) and among those who
had been exposed (11.5% vs. 4.2%, P = 0.01) at
week 10, and in maintenance of clinical remission (37.2% vs. 11.2%, P<0.001).
Diet

Diet is considered an important environmental
factor in the pathogenesis4 of IBD, given its
direct effects on the microbiome, metabolome,
intestinal barrier function, and immune system.100 Beyond exclusively enteral nutrition for
the induction (but not maintenance) of remission in children and adults with Crohn’s disease,
a variety of specialized diets (e.g., the Mediterranean diet; specific carbohydrate, high-fiber,
and elemental diets; and diets with supplements)
and exclusion diets (e.g., antiinflammatory diets
with avoidance of dairy products, lactose, wheat,
corn, potatoes, refined sugar, emulsifiers, and
other additives in processed food) have been
1312
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proposed (Table S3). A randomized, controlled
trial involving children with Crohn’s disease
showed that an exclusion diet in combination
with partial enteral nutrition was associated
with a better adverse-event profile for a larger
proportion of children than exclusively enteral
nutrition (97.5% vs. 73.6%, P = 0.002), higher
rates of glucocorticoid-free clinical remission
at week 12 (remission rate, 75.6% vs. 45.1%;
P = 0.01), decreased fecal calprotectin levels, and
recomposition of the microbiota.101 The role of
dietary interventions in ulcerative colitis remains
unclear.
The Microbiome

A disturbed gut ecosystem and the inflammatory response to the host microbiota are key
concepts in our understanding of IBD.4,102 The
transfer of fecal microbiota to reestablish biodiversity induced clinical remission in three103-105
of four106 ulcerative colitis trials. There is no
commonly agreed-on protocol for this intervention, and the effects are short-lived. Professional
societies restrict the use of fecal microbiota
transfer to patients with IBD and superimposed
Clostridium difficile infection, and the FDA has
alerted physicians to the serious risk of transmission of multidrug-resistant organisms. More
interventions with specific microbial strains or
products, as well as prebiotic compounds, are in
early stages of development (Table S3).

Sum m a r y
Currently available therapies cannot cure IBD,
but many of them target various inflammatory
pathways, resulting in more or less durable remission. However, these therapies come at a high
price economically and physically, with potentially life-threatening side effects. The rapidly
growing number of targeted medications that
are available calls for multidisciplinary teams of
expert gastroenterologists, specialized colorectal
surgeons, nurses, researchers, and dieticians, as
well as collaboration with pediatricians for a successful transition from adolescent to adult care.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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