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T
he advent of the anti–tumor necrosis factor (TNF) agent infliximab has
dramatically changed the concept of treating refractory inflammatory
bowel disease (IBD), particularly Crohn’s disease (CD). Although inflix-

imab has been proven to induce clinical response and remission with rapid on-
set, to spare steroids, to improve perianal disease, and to increase quality of life
[1–4], there is a considerable unmet medical need in both CD and ulcerative
colitis (UC) [11]. Twenty percent to 30% of patients who have refractory
CD and 30% to 40% of those who have refractory UC do not respond to in-
fliximab treatment. Moreover, the long-term use of this drug is associated with
immunogenicity, which interferes with efficacy, and with the risk of infectious
complications. Also, TNF is produced relatively late in the sequence of events
involved in the inflammatory reaction and, considering the redundancy of
immune pathways, the efficacy of infliximab has challenged immunologic
paradigms. Therefore, the quest for novel biologic treatments continues. As
a consequence, it has become a challenge for the clinicians to identify biologic
agents that may enter clinical practice in the near future or at least have a fair
chance of making it through the survival-of-the-fittest process known as clinical
development. The ideal biologic agent for treating IBD should be aimed at an
early event in the inflammatory cascade, selective without increasing morbidity
and mortality, and devoid of immunogenicity to ensure sustained response
over time. Although the initial trigger that unleashes the inflammatory cascade
in CD and UC is unknown, recent advances in basic science have provided
more insight into the pathophysiology of IBD. These evolving concepts have
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provided additional targets for drug development that eventually will open new
perspectives for patients suffering from IBD (Table 1).

UNDERSTANDING THE INFLAMMATORY CASCADE
IN INFLAMMATORY BOWEL DISEASE
Although the precise etiology of IBD has not been characterized, the most re-
cent hypothesis concerning the underlying disease mechanism states that indi-
viduals who have a genetic predisposition, when confronted with unidentified
aggressors from their natural environment, develop a loss of tolerance to
luminal bacterial antigens and initiate an uncontrolled inflammatory reaction
targeted at the bowel wall and at distant organ systems such as the joints,
skin, or biliary tract (Fig. 1) [5]. Even though CD and UC are considered adap-
tive immune system–driven diseases, the quest for IBD-related genes has indi-
cated that in some patients deficiencies in the innate immune response can be
linked to the development of IBD. The first susceptibility gene identified in
CD, CARD15/NOD2 [6,7], is involved in the cytosolic recognition of bacterial
cell wall components. The precise link between loss of the ability to sample bac-
terial antigens and the development of chronic intestinal inflammation has not
been established. Nevertheless, mutations in genes encoding Toll-like recep-
tors, membrane-bound bacterial wall sampling proteins, also have been associ-
ated with CD [8]. Finally, decreased expression of defensins, proteins
synthesized as a defense against luminal bacteria, is associated with CD [9].
This growing body of evidence points toward a crucial role for defective innate

Table 1
Inflammatory pathways in inflammatory bowel disease targeted by biologic therapies

Target in inflammatory
Reaction Compound

Molecular
Target

IBD
Subtype

Development
phasea

T-cell cytokines/
inflammatory
pathways

adalimumab
certolizumab-pegol
fontolizumab
MRA

TNF
TNF
IFN-c
IL-6 R

CD
CD
CD
CD

III
III
II
II

T-cell differentiation/
proliferation

ABT-974
CNTO-1275
daclizumab
basiliximab
visilizumab

IL-12/23
IL-12/23
IL-2 R (CD25)
IL-2 R (CD25)
T-cell R (CD3)

CD
CD
UC
UC
UC/CD

II
II
II
II
II/III

Selective adhesion
molecules

natalizumab
MLN-02

a4 integrins
a4 b7 integrin

CD
UC

III
III

Innate immunity/
mucosal repair

GM-CSF
EGF

unknown
unknown

CD
UC

III
III

Abbreviations: CD, Crohn’s disease; EGF, epidermal growth factor; GM-CSF, granulocyte-macrophage col-
ony stimulating factor; IFN, interferon; IL, interleukin; R, receptor; TNF, tumor necrosis factor; UC, ulcerative
colitis.

aInformation on development phase is subject to change.
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immunity in early steps of the disease course, and boosting the innate immune
system may have therapeutic potential.

Nevertheless, the crucial role of CD4þ T cells in the inflammatory cascade
underlying IBD has been well established [5]. Activation of these T cells is
a multistep process involving strict control by cytokines and membrane-bound
cellular interaction. Naive T cells, which have matured in primary lymphoid
organs, leave the blood stream to encounter antigen in the lamina propria.
Depending on the activation of their antigen-specific T-cell receptor (CD3)
on costimulatory molecules all present at the surface of antigen-presenting den-
dritic cells and on the local cytokine micromilieu, T cells differentiate in proin-
flammatory T-helper (Th) cells or in inflammation-controlling T-regulatory
cells (T-regs). The activated Th cells in turn secrete proinflammatory cytokines
that set off the T-cell and non–T-cell–mediated inflammatory response leading
to IBD. The crosstalk between antigen-presenting dendritic cells and T cells is
facilitated by a positive feedback loop involving the dendritic cell cytokines in-
terleukin (IL)-12 and IL-23 and the T-cell cytokine interferon (IFN)-c, respec-
tively. Controlling this T-cell differentiation and activation at an early stage has
been a major target for the development of biologic agents, as discussed later.
Until recently, Th cells were mainly classified as Th1 or Th2 based on T-cell

CD3
(T-cell R)

CD25
(activated IL-2 R)

selective
adhesion
molecules

high endothelial

venules

colonic
enterocytes

T-cell

T-cell

TNF R 
TNF

basiliximab

daclizumab

visilizumab

infliximab

CDP870

adalimumab

sargramostim

natalizumab

MLN-02

neutrophils

macrophages

IL12/23

IFN

ABT-874/CNTO-1275

fontolizumab

+

+

+

Fig. 1. Humanization of therapeutic antibodies. In general, the immunogenicity of therapeutic
antibodies has decreased with advances in humanization. The efficacy of an antibody is de-
termined by affinity, avidity, and antibody isotype, independent of the degree of humanization.
C, constant region; CDR, complementarity-determining region; H, heavy chain; L, light chain;
V, variable region.
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phenotypes in mice and on cytokine profiles in humans. CD is associated with
predominant Th1 activation, whereas the Th2 cell polarization in UC is more
controversial. Recently, new Th subtypes have been discovered. In mice the
Th17 cell is induced early in the inflammatory reaction in the presence of
high local IL-23 and IL-6 levels [10]. Th17 cells promote the differentiation
of Th1 and -2 cells and decrease the generation of counterinflammatory
T-regs. Uncontrolled and permanent activation of Th17 cells may contribute
to chronic bowel inflammation. Although the role of this cell in humans has
not been clarified, it might be a selective target for future treatment strategies.
To summarize the T-cell–centered paradigm, the uncontrolled inflammatory
reaction in IBD is triggered by an imbalance between an excess of proinflam-
matory Th and effector T cells and a relative shortage of counterinflammatory
T-regs. Induction of counterregulatory T-regs is an appealing therapeutic con-
cept, and evidence for this mechanism has been found in rheumatoid arthritis.
Most biologic treatments are believed to restore this imbalance either by pre-
venting T-cell activation (eg, anti–IL-12, anti–IFN-c, and anti-CD25 antibody)
or by the induction of T-cell apoptosis (eg, anti TNF agents, anti-CD3 anti-
body). Induction of T-cell apoptosis is particularly desirable in CD because
T cells of patients who have CD are refractory to apoptosis [5].

Therapies such as anti–IL-12/IL-23 or anti–IFN-c agents that target early
steps in the immune cascade may stop the inflammatory reaction before ampli-
fication steps occur. The immune system, however, is characterized by a high
degree of redundancy: several parallel pathways induce similar downstream
effects, and this redundancy could be a disadvantage in of inhibiting early
steps. There also is redundancy in activating pathways further downstream,
and the minority of patients who have CD and who initially do not respond
to anti-TNF treatment may have a disease driven by other late cytokines
such as IL-6.

Finally, as discussed in more detail later, immune cells are only temporary
residents of the bowel wall and must be attracted to the site of action. This leu-
kocyte trafficking is regulated by a complex interplay of adhesion molecules
and has been successfully targeted to treat IBD.

BIOLOGIC THERAPIES: HOW DIFFERENT ARE THEY?
Several strategies are followed in drug development to improve the efficacy and
tolerability of biologic agents. First, progress in protein engineering has elimi-
nated immunogenic nonhuman peptide sequences from anti-human antibodies,
a technique known as humanization [12]. Third-generation, humanized (� 95%
human) antibodies and fourth-generation fully (100%) human antibodies
usually are associated with less immunogenicity than seen in chimeric (75% hu-
man) monoclonal agents such as infliximab (Fig. 2). Also, subcutaneous admin-
istration eliminating the need for in-hospital infusions is the preferred method
of drug administration for novel biologic agents. Finally, pathways in the
immune reaction that do not directly involve TNF inhibition are being
targeted. These combined strategies have created several compounds, mostly
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monoclonal antibodies, that now are being tested for their potential in IBD
treatment.

ANTI–TUMOR NECROSIS FACTOR STRATEGIES
The chimeric monoclonal anti-TNF IgG1 antibody infliximab has proven to be
a highly efficacious induction and maintenance agent in patients who have
refractory luminal and fistulizing CD [1–4]. Infliximab also induces rapid
and profound endoscopic healing, improves quality of life, and may prevent
hospitalizations and surgery [13].

The remaining mouse peptide regions in the chimeric protein are responsible
for the formation of antibodies to infliximab. These anti-drug antibodies are as-
sociated with acute and delayed hypersensitivity reactions and with secondary
loss of response [14,15]. Several treatment strategies, such as systematic main-
tenance therapy, concomitant immunosuppression, and prophylactic systemic
steroids, decrease the incidence of formation of antibodies to infliximab [13–
15]. Nevertheless, 20% to 30% of patients are unable to continue infliximab
therapy because of unmanageable infusion reactions or loss of response. For
these patients two more humanized compounds may restore disease control.

The fully human IgG1 antibody, adalimumab, is commercially available for
the treatment of rheumatoid arthritis. Clinical efficacy in CD is inferred from
open-label experience [16,17] and from data in controlled trials [18,19]. The

Fig. 2. The current concept on the inflammatory cascade, which underlies inflammatory
bowel disease. IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; TNF R, tumor necro-
sis factor receptor.
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immunogenicity of this compound is limited (3% anti-drug antibodies with
long-term use [19]).

Also, in two large placebo-controlled trials, certolizumab pegol or CDP-870,
a humanized Fab antibody fragment binding TNF and linked to polyethylene
glycol for subcutaneous administration, showed efficacy in patients who had
refractory CD [20,21]. The molecular mechanism underlying the effect of
anti-TNF agents in IBD is a matter of debate. Etanercept, a p75 TNF receptor
construct, failed to show efficacy in a controlled trial for refractory CD [22].
This compound binds soluble TNF trimers but is not capable of inducing lysis
of TNF-expressing cells. In rheumatoid arthritis, however, both etanercept and
infliximab are clinically useful. In the last 5 years several in vitro and ex vivo
studies have shown that infliximab induces apoptosis of T cells from patients
who have CD [23–27]. Also, ex vivo experiments have shown that both inflix-
imab and adalimumab induce caspase-dependent apoptosis in human lympho-
cytes [26,28,29]. Based on this evidence, it has been postulated that induction of
T-cell apoptosis is the crucial mechanism of action for anti-TNF agents in IBD.
Additional evidence for this hypothesis has been inferred from pharmacoge-
netics. Patients who had mutations in genes encoding Fas-ligand
and caspace-9, crucial steps in apoptosis, were found to have a decreased likeli-
hood of response to infliximab [30]. Recently, however, some doubt has been
cast on the crucial role of T-cell apoptosis in ensuring the effect of anti-TNF
agents in IBD. First, certolizumab does not seem to induce T-cell apoptosis
despite its clinical efficacy in CD. Second, T cells of patients who have UC
are not resistant to apoptosis, as is the case in CD, where restoration of
T-cell apoptosis seems a more logical target for biologic agents. Further re-
search is necessary to clarify this issue.

In addition to the neutralization of soluble or membrane-bound TNF and the
induction of cell lysis or apoptosis, other mechanisms may contribute to the activ-
ity of anti-TNF agents. Infliximab induces reverse signaling through membrane-
bound TNF, shutting down intracellular signaling pathways [27,31]. TNF
reduces the function and possibly the proliferation of CD4þ/CD25þ T-regs in
patients who have rheumatoid arthritis [32,33]. Infliximab has been shown to
restore this functional deficit reflected in an increased expression of FoxP3, a spe-
cific marker of T-reg activation, and in an increase in the suppressive activity of
CD4þ/CD25þT cells [33,34]. Finally, infliximab restores the leaky gut barrier in
patients who have active CD, although it is unclear whether this restoration is
a primary effect or a consequence of epithelial repair [35,36].

SELECTIVE ADHESION MOLECULE–INHIBITING AGENTS
To patrol antigens in the gut lumen and to assist in intestinal inflammatory re-
actions, leukocytes need to be directed toward the gastrointestinal tract. The
journey of T cells from the blood to antigen-rich organs such as the gut or
the lungs is guided by an elaborate system of traffic signals or adhesion
molecules [37]. To encounter antigen and to engage in tissue inflammation,
leukocytes must leave the primary lymphoid organs and the blood stream.
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Blood-borne cells engage with the endothelium of postcapillary vessels, the
high endothelial venules, before they migrate into the tissue [37]. This interac-
tion is hindered by the high relative speed at which leukocytes travel, creating
an important shear stress in the blood stream. A highly effective and sequential
adhesion system has emerged to overcome these physical forces. Selectin bonds
provide a high tensile strength but are short lived, and the T cell rolls over the
endothelium from one selectin bond to the next. Secondary adhesion mole-
cules, all members of the integrin family, definitively stop the lymphocytes to
allow migration. The humanized antibodies antegren (IgG4) and mLN-02
(IgG1), targeted at a4-integrins, have entered clinical trials in both CD and
UC [38–40]. a4b1-integrin binds to vascular cell adhesion molecule 1, and
a4b7-integrin binds to mucosal addressin cell adhesion molecule 1 (Mad-
CAM-1) [41]. MadCAM-1 typically is associated with murine Peyer’s patches
and also with human gut–associated lymphoid tissue [42]. Even if T-cell migra-
tion into the inflamed bowel segments is of paramount importance in IBD path-
ogenesis, a decreased exit of lymphocytes from the mucosa and an increased
local activation or proliferation also may be mechanisms by which integrins
perpetuate the inflammatory reaction in IBD. There is some evidence support-
ing a role for adhesion molecules in interactions between T cells and resident
dendritic cells or mesenchymal cells in the intestinal mucosa and submucosa.
The extracellular matrix protein, fibronectin, for instance, is an a4b7 integrin
ligand [43], and this interaction may influence the function of stromal cells,
such as antigen-presenting dendritic cells or fibroblasts. Other extravascular li-
gands for a4 integrins include matrix molecules such as osteopontin and throm-
bospondin and ADAM28, a metalloprotease domain constitutively expressed
on lymphocytes [44]. Intracellular adhesion molecule 1 and a4-integrin binding
to their respective addressins induces a costimulatory signal in antigen presen-
tation to T cells inducing lymphocyte proliferation and cytokine production
[43]. Antegren has shown activity, particularly in maintenance treatment of pa-
tients with CD [38,39]. Unexpected toxicity with the occurrence of progressive
multifocal leukoencephalopathy, a devastating brain disorder caused by JC
virus, in one patient who had CD and in two patients who had multiple scle-
rosis has halted further development in IBD until more data are available on
the real risk for this lethal complication in the IBD population [45–47].
mLN-02 is effective in the treatment of moderate UC, but this humanized an-
tibody seems to induce neutralizing anti-drug antibodies [40].

ANTI–IL-12/IL-23 P40 AND ANTI–GAMMA INTERFERON
ANTIBODIES
IL-12 and IL-23, two related cytokines sharing a common p40 subunit, are
crucial in an early phase of the inflammatory reaction driving CD. These
cytokines create a positive feedback loop of crosstalk between T cells and
macrophages, also involving IFN-c, which eventually leads to secretion of
TNF by both cell types. Inhibiting this feedback loop would shut down the
inflammation before TNF-mediated effects can occur.
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All trials targeting this pathway have been conducted in moderately active
CD. The IL-12/IL-23 p40 subunit is targeted by ABT-874 (Abbott) and
CNTO-1275 (Centocor), both fully human IgG1 monoclonals. A phase II
study of SC ABT-874 at doses of 1 mg/kg and 3 mg/kg for 7 weeks in 79 pa-
tients who had active CD demonstrated efficacy for induction of response and
remission in the group receiving the higher dose [48]. A higher proportion of
actively treated patients experienced injection-site reactions, and 3 of 79 pa-
tients developed anti-drug antibodies that interfered with drug levels in two
patients. CNTO-1275 has just entered clinical trials. The relative importance
of blocking IL-12 or IL-23, both targeted by ABT-874 and CNTO-1275, for
the efficacy of these biologic agents is at present not entirely clear.

Fontolizumab is a humanized IgG1 monoclonal antibody against IFN-c. A
phase II study of intravenous fontolizumab at doses of 4 mg/kg and 10 mg/
kg at week 0 in 133 patients who had active CD failed to achieve the primary
end point of response at week 4. A subgroup analysis demonstrated efficacy in
patients who had elevated baseline concentrations of C-reactive protein who
received a second dose of fontolizumab at week 4 [49,50]. The safety of main-
tenance treatment with reported doses is being explored currently in an open-
label trial.

ANTI-CD3 ANTIBODIES
The interest in anti-CD3 antibodies as powerful immunosuppressive agents is
not new. More than a decade ago OKT3, a mouse monoclonal antibody
specifically targeted at the human CD3 complex on T cells, was introduced
in the clinic in anti-rejection regimens for solid-organ transplantation. As has
been the case for every murine monoclonal antibody, the clinical application
of this antibody has been limited by the induction of neutralizing anti-murine
antibodies. Moreover, OKT3 induces a severe cytokine-release syndrome
caused by T-cell activation. This activation results from OKT3-mediated
crosslinking of CD3-expressing T cells and Fc receptor–bearing cells. Even if
the cytokines and immune pathways underlying UC are still incompletely char-
acterized, there is a rationale for eliminating activated lymphocytes as a thera-
peutic strategy in this immune-mediated disease.

Protein Design Labs (Fremont, California) developed a mouse monoclonal an-
tibody, M291, which competes with OKT3 for binding CD3-expressing cells.
Based on this antibody, a humanized non–Fc receptor–binding antibody,
huM291, was engineered, and this compound has been tested in UC [51]. Visili-
zumab potently induces apoptosis of activated T cells without activating resting T
cells. An open-label pilot trial enrolling 24 patients who had severe UC suggested
clinical efficacy, with 66% remission and 87% response. Also clear endoscopic im-
provement was noted [52]. Further dose-finding controlled trials are ongoing, and
more than 100 patients have been enrolled. The temporary T-cell depletion and
reactivation of Epstein-Barr virus replication observed with visilizumab is some-
what surprising, because only activated lymphocytes are a target for the antibody,
and even in severely active UC only a minority of the total T-cell population is
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activated. Therefore, temporary changes in T-cell trafficking or function may
contribute to T-cell depletion and should be explored further.

ANTI-CD25 ANTIBODIES
The efficacy of medical immunosuppression with cyclosporine in the treatment
of severe UC has been clearly established [53,54]. The macrolide compounds
cyclosporine and tacrolimus reduce lymphocyte activation and proliferation by
inhibiting IL-2 synthesis through the inhibition of the calcineurin pathway. IL-2
interacts with specific receptors on the T-lymphocyte membrane to induce
a clonal expansion of T-effector cells [55]. The role of the activated IL-2 recep-
tor (CD25) in UC is somewhat controversial, because it has been shown that
IL-2 cytokine or IL-2 receptor knockouts develop spontaneous colitis [56–58].
Indeed, T-regs, a subclass of lymphocytes directed at controlling exaggerated
immune responses, are CD25þ/CD4þ. Therefore, inhibition of CD25 theoret-
ically may reduce the inflammatory reaction but also may unleash uncontrolled
inflammation [58]. Recently, humanized monoclonal antibodies that neutralize
the binding capacity of the high-affinity IL-2 receptor CD25 on antigen-ex-
posed T lymphocytes have been developed. These antibodies have been regis-
tered in the prevention of acute renal transplant rejection [59–61]. Ample
clinical trial evidence has been gathered in psoriasis, uveitis, and asthma as
well as in solid-organ transplantation. Protein Design Labs developed
daclizumab, a humanized monoclonal antibody of the human IgG1 isotype
[62]. Novartis developed a chimeric anti-CD25 monoclonal IgG1 antibody,
basiliximab [61]. Both antibodies have been tested in open-label trials for active
UC [63,64]. Although the two trials suggested therapeutic potential for both
compounds, a recent placebo-controlled trial with daclizumab failed to show ef-
ficacy [65] despite long-lasting peripheral CD25 saturation. This experience
suggests that controlled data are needed for basiliximab also.

ANTI–INTERLEUKIN-6 RECEPTOR ANTIBODIES
MRA, a humanized monoclonal antibody against the interleukin 6 receptor, has
shown efficacy in a phase II study for active CD at doses of 8 mg/kg intravenously
every 2 weeks or every 4 weeks through week 12 in 36 patients who had active
CD. Both induction of response and remission were higher in the group treated
every 2 weeks [66]. As discussed previously, this antibody may be particularly
useful for patients refractory to anti-TNF agents, although in the trial by Ito
and colleagues [66] none of the patients were refractory to anti-TNF treatment.

AGENTS PROMOTING INTESTINAL REPAIR
AND THE INNATE IMMUNE SYSTEM
As discussed previously, restoring the epithelial barrier may be one of the beneficial
effects of anti-TNF therapies, but epithelial growth factors (EGF) are direct pro-
moters of mucosal repair and restitution [68]. Several growth factors have been
evaluated, predominantly in UC. Unlike CD, UC is essentially a mucosal disease,
and the extent of mucosal ulcerations determines the severity of the disease.
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Several growth factors, such as trefoil factor, transforming growth factor-b, kerati-
nocyte growth factor (KGF), and EGF, have been implicated in the preservation of
mucosal integrity and the regeneration of damaged mucosa [67]. Repifermin, KGF-
2, was not effective in a placebo-controlled trial that included 88 patients who had
moderately active UC [68]. EGF formulated as an enema has been used in a smaller
placebo-controlled trial to treat mild-to-moderate UC in combination with oral
mesalamine [69]. Twenty-four patients were randomly assigned (1:1) to receive
placebo (100-mL inert enema) or EGF (5 lg in 100-mL enemas). After 2 weeks
of treatment as many as 83% of actively treated patients (10/12) achieved disease
remission, versus 8% of placebo recipients (1/12). This remission was sustained
in all patients through week 4 and started to wear off after 8 to 12 weeks.

Growth factors might be employed to restore the mucosal barrier and also could
be targeted at boosting the cellular components of the innate immune system such as
neutrophils and macrophages, enabling them to eliminate antigens before they can
trigger the adaptive immune response. In chronic granulomatous disease, glycogen
storage disease, and Chediak-Higashi syndrome, disorders characterized by neutro-
phil dysfunction, transmural enterocolitis develops, and these patients respond to
stimulation of the innate immune system through treatment with sargramostim (re-
combinant granulocyte macrophage colony-stimulating factor). A phase II study of
subcutaneous sargramostim at a dose of 6 lg/kg/d for 8 weeks in 124 patients who
had active CD failed to demonstrate efficacy for the primary end point of clinical
response, although the drug showed efficacy for the secondary end point of remis-
sion. The precisemechanism of action of the pleiotropic growth factor sargramostim
in IBD has not been elucidated fully, but it undoubtedly affects bone marrow mye-
lopoiesis, because bone pain is a specific side effect of this treatment [70].

SUMMARY
Anti-TNF antibodies were the first biologic agents registered to treat patients who
have CD and, more recently, patients who have UC. The sequence of events un-
derlying the inflammatory reaction in IBD is extremely complex, however, and
involves both the innate and antigen-driven adaptive immune system. Novel
therapies are directed at several key players of this cascade. Blockade of T-cell
proliferation and activation and inhibition of T-cell cytokines has been most ex-
tensively targeted by clinical trials in humans. Inhibition of adhesion molecules
and the use of selected growth factors seem to have therapeutic potential. Resto-
ration of regulatory T-cell and dendritic-cell function is still waiting to be explored
in clinical trials. Although an increasing number of biologic therapies for IBD are
being developed, the discovery of the full spectrum of treatment modalities is only
beginning. Often, however, the clinical efficacy of biologic agents is investigated,
and for some molecules is established, before mechanisms of action are specifi-
cally explored. Eight years after the Food and Drug Administration approved in-
fliximab for the treatment of luminal CD, it is not known how this anti-TNF
antibody actually dampens inflammation in IBD. The advent of newer anti-
TNF agents is only postponing the answer.
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