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Abstract

Inflammatory bowel disease (IBD), in particular Crohn’s
disease refractory to conventional therapy, fistulizing
Crohn’s disease and chronic active ulcerative colitis,
generally respond well to anti-tumor necrosis factor
(TNF) therapy. However, serious side effects do occur,
necessitating careful monitoring of therapy. Potential
side effects of anti-TNF therapy include opportunistic
infections, which show a higher incidence when
concomitant immunosuppression is used. Furthermore,
antibody formation against anti-TNF is associated
with decreased efficacy and an increased frequency
of infusion reactions. The hypothesis of a slightly
increased risk of lymphomas in IBD patients treated
with anti TNF-therapy is debatable, since most studies
lack the specific design to properly address this issue.
Alarmingly, the occurrence of hepatosplenic T-cell
lymphomas coincides with combined immunosuppressive
therapy. Despite the potential serious side effects, anti-
TNF therapy is an effective and relatively safe treatment
option for refractory IBD. Future research is needed
to answer important questions, such as the long-term
risk of malignancies, safety during pregnancy, when to
discontinue and when to switch anti-TNF therapy, as
well as to determine the balance between therapeutic
and toxic effects.
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INTRODUCTION

Inflammatory bowel disease (IBD), including Crohn’s
disease and ulcerative colitis, is an idiopathic chronic
relapsing inflammatory disorder of the intestinal tract'.
The chronic and relapsing course of disease makes IBD
a disabling disease that is complex to treat. Conventional
therapy, including corticosteroids and thiopurines, is
aimed at control of inflammation but does not appear
to change the natural course of disease. Moreover, many
patients become refractory to conventional therapies
during the course of disease.

Infliximab was introduced in the late 1990s as the
first result in the development of biologic therapies, and
changed the therapeutic potential in IBD dramatically.
Anti-tumor necrosis factor (INF) therapy is currently
used for the treatment of corticosteroid-refractory,
active, corticosteroid-dependent, fistulizing Crohn’s
disease, as well as refractory ulcerative colitis™”. Anti-
TNF therapy is remarkably effective in patients who do
not respond to conventional treatment. However, the use
of biologics is associated with significant, but rarely, fatal
complications, leading to setrious concerns about safety
and long-term consequences (Table 1). This review will
discuss the current knowledge and safety issues as well
as future directions for the role of anti-TNF therapy in
the treatment of IBD.

SIDE EFFECTS OF BIOLOGIC THERAPY

Infections

The immunosuppressive effect of currently used
biologics leads to an increased risk of specific infections
during therapy. Most commonly, these infections
arise from the upper respiratory tract and the urinary
tract. Forty-eight patients had an infectious event and
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Side effect Example

Infections Tuberculosis, histoplasmosis
Antibodies to infliximab,

antibodies to adalimumab

Antibody formation
Infusion reactions Anaphylaxis, delayed-type
hypersensitivity

Antinuclear antibodies
Hepatosplenic T-cell lymphoma
Guillain-Barré syndrome
Hepatitis, cholestatic disease
Heart failure

Psoriasiform dermatitis

Autoimmunity

Malignancies

Demyelization

Abnormal liver function tests
Cardiac abnormalities

Skin eruptions

20 patients had a serious infection (an infection that
requires antimicrobial therapy or hospitalization) during
anti-TNF therapy, including fatal sepsis in two patients,
in 500 Crohn’s disease patients receiving infliximab'".
In contrast, the CHARM study included 854 Crohn’s
disease patients, 517 of whom received adalimumab',
and infectious adverse events occurred in 36%-44% of
these patients. Serious infectious adverse events occurred
in 2.7% of patients, and both types of adverse events
were comparable to those in the placebo group. Serious
infectious complications occurred in six of 216 patients
(3%) treated with certolizumab'”,

Serious infections during anti-TNF therapy include
the reactivation of latent tuberculosis. The increased
awareness of this complication has led to a decrease in
the number of reports of tuberculosis during biologic
therapy. The risk of reactivation of latent tuberculosis
was increased by seven-fold when the screening
recommendations were not completely followed, as
demonstrated by the Spanish national registry for anti-
TNF therapy in rheumatoid arthritis”. After initiation
of guidelines for tuberculosis screening prior to anti-
TNF therapy, the rate of tuberculosis decreased by
78% in this registrym. Latent tuberculosis was identified
by positive skin test and/or fibrotic lesions on chest
X-ray in 16 patients in a single center cohort study
including 734 IBD patients receiving infliximab. After
chemoprophylaxis, none of these patients developed
tuberculosis during infliximab therapym. These findings
suggest that the current treatment guidelines are indeed
effective in preventing reactivation of latent tuberculosis.
From 2001 to 20006, 130 patients with tuberculosis during
anti-TNF therapy were reported in the USA"™. The
most important risk factor for disease reactivation was
concomitant immunosuppressive therapy. Ominously, 34
patients in this group demonstrated a negative tuberculin
skin test prior to anti-TNF therapy. Currently, every
patient undergoing anti-TNF therapy should be screened
by a careful medical history revealing any tuberculosis
contact, followed by a chest X-ray and tuberculin skin
test. As mentioned, this test is controversial due to
reader variability and false-negative results. The recent
T-cell-based interferon-y assay seems more reliable with
better sensitivity and specificity than the skin test, as
shown in a group of 97 rheumatoid arthritis patients

before initiation of anti-TNF therapym. Patients with
latent tuberculosis should start with chemoprophylaxis,
for example isoniazid for 6 mo, during which anti-
TNF medication can be introduced. Active tuberculosis
should be fully treated before the start of anti-TNF
therapy.

Data on the risk of fungal infections during anti-
TNF therapy is limited. A database search identified
226 patients with fungal infections during infliximab
therapy“zl. The most common pathogens were those
causing histoplasmosis (30%), candidiasis (23%), and
aspergillosis (23%). The majority of patients in this
group were on concomitant immunosuppressive therapy
(98%). Pneumonia was the most common manifestation
of infection"”,

The reported risk of opportunistic infections in IBD
patients treated with infliximab varies between 0.3%
and 0.9%'". Interestingly, the risk of opportunistic
infections dramatically increases when anti-TNF
therapy is combined with additional immunosuppressive
therapy, such as corticosteroids or thiopurine therapy*.
The odds ratio for an opportunistic infection during
infliximab therapy was 4.4, compared to 14.5 when
combined with corticosteroids or thiopurines in 100
IBD patients with opportunistic infections, compared
with a matched control group of IBD patients without
opportunistic infections. The TREAT registry, which
enrolled 6290 patients who received infliximab, showed
that the increased risk for infections during anti-TNF
therapy was associated with the use of corticosteroids
and disease activity but not with the use of infliximab!”.

In summary, concomitant immunosuppression
appears to be an important risk factor for infections
during anti-TNF therapy. In daily practice, moderate
to severe infectious complications prior to or during
anti-TNF therapy require appropriate treatment of the
infection before biologic therapy can be initiated or
resumed safely.

Antibody formation
The monoclonal antibodies used for anti-TNF therapy
frequently induce the formation of antibodies [antibodies
to infliximab (ATI); antibodies to adalimumab (ATA)].
Sixty one percent of patients developed ATI in a study
of 125 Crohn’s disease patients who received on average
four infusions of infliximab"®. This development of
ATT was associated with a shorter duration of response
to therapy (35 d »s 71 d) and a higher rate of infusion
reactions (relative risk 2.4)"”. However, this correlation
was not linear and did not predict infusion reactions in
an individual patient. Importantly, immunosuppression
in the latter study did decrease the formation of ATI.
Interestingly, recent data suggest that IBD patients
who discontinued thiopurine therapy while continuing
anti-TNF therapy did not show statistically significant
clinical differences, compared to the group of patients
receiving combination therapy' . This was demonstrated
during a 2-year trial of 80 Crohn’s disease patients.
However, it should be noted that the infliximab
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monotherapy group demonstrated lower infliximab
trough levels and higher levels of C-reactive protein at
18-mo follow-up. We speculate that a prolonged follow-
up period might have shown significant differences in
the latter trends. ATI formation did not influence the
pharmacokinetics of infliximab retreatment, although the
authors discuss the influence of serum infliximab on the
ATI assay in their paper, leading to an inability to draw
firm conclusions'"”. Feagan ez al™ demonstrated that the
efficacy of infliximab monotherapy was comparable to
combination therapy with infliximab and methotrexate
after 50 wk of treatment in Crohn’s disease patients. Thus,
although concomitant immunosuppression does reduce
the formation of ATI, the clinical impact has recently
been questioned. To further investigate the rationale for
combination therapy with azathioprine and biologics, the
SONIC trial included Crohn’s disease patients who were
naive to immunosuppressive agents and biologic therapy

19 .
" Patients were started

with moderate to severe disease
on either azathioprine, infliximab, or a combination of
both, and each group included 169 patients. At 26 wk,
patients treated with infliximab monotherapy or
infliximab plus azathioprine were more likely to achieve
steroid-free remission and complete mucosal healing than
those receiving azathioprine alone, whereas infliximab
plus azathioprine was more effective than infliximab
monotherapy. Further investigation in this field is
warranted in order to guide patients in evidence-based
choices to advise mono- or combination therapy.

Dosage and interval play a role in the development
of ATI. For example, infliximab appears to be less
immunogenic with increasing dose, as shown with
different doses (1, 3 and 10 mg/kg) of infliximab in
rheumatoid arthritis patientspm. The immunological
phenomenon of high-dose tolerance may explain this
inverse dose-response correlation. Episodic treatment
with anti-TNF therapy will also lead to an increased
chance of developing antibodies to anti-TNF upon
rechallenge. Therefore, scheduled maintenance rather
than episodic therapy is recommended”".

Adalimumab is a fully humanized IgG1 antibody
to TNF and is considered less immunogenic than
infliximab. The CLLASSIC-2 trial demonstrated 2.6%
antibody development in 269 patients receiving
maintenance therapy for 56 wk'*l. All patients who
developed antibodies in this study were not on
concomitant immunosuppressive therapy. Yet, an
ELISA was used for the detection of antibodies in
this study. This technique has significant limitations
due to the lack of discrimination between antibodies
and anti-TNF medication™, This phenomenon may
lead to underestimation of the true concentration of
antibodies. Therefore, it is recommended that serum
samples should be tested shortly before the next dose
of anti-TNF in order to reduce the interference of
anti-TNF medication™. A radioimmunoassay (RIA) is
another technique to measure antibodies to anti-TNF
medication. This technique measures specific high-
avidity IgG antibodies against infliximab or adalimumab
by an antigen-binding test™. The advantages of this

assay are that it includes IgG4 antibodies, and it is more
sensitive than ELISA due to a higher protein-binding
capacitym]. RIA measurements led to the detection of
a higher percentage of patients who developed ATI or
ATA when compared to previously reported findings™.
Indeed, West e a/*” looked at 30 Crohn’s disease patients
who lost response to infliximab and were subsequently
started on adalimumab. ATA were detected in five
patients using RIA, four of these were non-responders
to adalimumab. In this study, 17 patients were not on
concomitant immunosuppression, and this subgroup
included four patients with ATA. The authors concluded
that ATA negatively influenced responses to adalimumab.
In patients treated with certolizumab as maintenance
therapy, 12% developed antibodies without concomitant
immunosuppression, while 2% developed antibodies with
immunosuppressionw.

Of interest, Aarden e a/”” demonstrated that low
levels of anti-TNF, just prior to administration of the
next dose, preceded the detection of ATI or ATA. Given
the need for prevention of antibody formation during
maintenance therapy and the technical challenges in the
measurement of antibodies, assessment of trough levels
rather than antibody development could be used as a
biomarker for therapy adjustment. Therapeutic drug
monitoring to guide therapy efficacy has not yet been
elaborated.

Infusion reactions

The overall percentage of infusion reactions with
infliximab was 6.1% in a group of 165 IBD patientsm
These reactions included a burning sensation, itching,
erythema, and pain. The estimated occurrence of
serious adverse reactions (including shortness of breath,
hypotension, or stridor) was 1.0%. In the latter study,
all reactions were effectively treated™, Prophylactic
antihistamines or a single-dose of hydrocortisone
can be considered. In addition, patients who are off
treatment for more than 4 mo are more susceptible
to developing ATI and infusion reactions and should
preferably receive these precautions. Most patients can
be rechallenged after the appropriate precautions. Rately,
a genuine allergic reaction occurs, which is characterized
by shortness of breath and urticaria®. These reactions
are IgE-mediated and due to mast cell or basophil
degranulation. In this case, the infusion should be
stopped and switching to a different anti-TNF agent,
such as adalimumab®”,

Delayed hypersensitivity-like reactions occur 3-14 d
after ant-TNF therapy. Arthralgia and muscle ache are the
most common symptoms[%]. It is believed that immune
complex depositions take place and cause the latter
symptomsm]. Most patients with a large interval after the
first administration of ant-TNF therapy develop delayed
hypersensitivity upon rechallenge. Symptoms can be
treated by acetaminophen and high-dose corticosteroids;
symptoms usually resolve after 1-2 wk”". This group of
patients will benefit from switching to a fully humanized
anti-TNF therapy since poor responses to infliximab can
be expected due to circulating ATT",
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As a rule, adalimumab and certolizumab are
administered subcutaneously. Injection site reactions,
attributed to local irritation, were observed in 4% during
adalimumab and 3% during induction therapy with
certolizumab™, However, in our experience, injection
site reactions are a frequently reported bothersome
side effect of long-term adalimumab use. Injection site
reactions regarded as a direct toxic effect do not improve
following administration of antihistamines.

Autoimmunity

Anti-TNF therapy leads to cell lysis, in turn inducing
circulating DNA and cell fragments, followed by
the formation of autoantibodies such as antinuclear
antibodies (ANAs). The percentages of autoantibodies
differ depending on the therapy administered.
Antibodies developed in 8% of certolizumab-treated
patients after 6 mo, while infliximab led to > 50%
of patients testing positive for autoantibodies™".
Antibodies against double-stranded DNA were observed
in 33% of 43 ANA-positive Crohn’s disease patients
receiving infliximab™. The development of antibodies
is not limited to IBD patients or the use of infliximab;
adalimumab induced ANAs in 45% of patients after
24 wk of treatment, and for infliximab, this number was
63% in a group of 91 rheumatoid arthritis patients™’.
Forty-one of 43 rheumatoid arthritis patients receiving
infliximab and methotrexate demonstrated ANAs on
at least one occasion, suggesting that concomitant
immunosuppression does not reduce the formation
of autoantibodies™. Furthermore, the formation of
autoantibodies did not affect the efficacy of anti-TNF
therapy and did not predispose to autoimmune diseases,
in particular, systemic lupus erythematosus.

Malignancies

TNF plays a role in apoptosis and tumor suppression;
it is believed that interference with these pathways can
potentially lead to an increased risk of malignancies.
However, the small size of clinical trials relative to
the low incidence of lymphomas, the underlying risk
of malignancies due to IBD, and the concomitant
immunosuppressive therapy make it difficult to
estimate the true effect, if any, of anti-TNF therapy on
the genesis of malignancies in IBD patients. A large
population-based study including 47000 Crohn’s disease
and ulcerative colitis patients showed a standardized
incidence ratio for lymphomas of 1.0 and 1.3 for
ulcerative colitis and Crohn’s disease, respectively[33’34].
The odds ratio for all types of cancer was 3.3 in a
pooled analysis of both Crohn’s disease and rheumatoid
arthritis patients receiving infliximab or adalimumab.
Ten lymphomas were detected in 3493 patients receiving
anti TNF therapy, whereas no lymphomas were reported
in the control group. However, rheumatoid arthritis is
associated with an increased risk of lymphomas, the
latter being a disputed association in Crohn’s disease™".
The TREAT registry demonstrated that there was no
significant increase in the relative risk for lymphoma (1.3)

in 3272 patients treated with infliximab!"”.

IBD patients undergoing immunosuppression are
at increased risk for infections, including Epstein-Barr
virus, which in turn may be associated with an increased
risk of developing lymphomas. Seven of 18 lymphomas
detected in IBD patients were Epstein-Barr-virus-
positive, five patients in this group underwent therapy
with azathioprine or 6-mercaptopurine™. However, the
use of anti-TNF agents was not recorded in this study.

Hepatosplenic T-cell lymphoma is a rate type of non-
Hodgkin’s lymphoma with an aggressive and mostly
fatal outcome. Until recently, 16 patients, mostly Crohn’s
disease patients who were exposed to infliximab,
developed this type of lymphomam]. All patients received
concomitant immunosupptessive therapy with thiopurines,
and most patients also received corticosteroids. Of
interest, three patients in this group received adalimumab,
including two patients who previously received infliximab.
It is alarming that nine cases were reported in the last
2 years, although increased awareness and subsequent
reporting might play a role in this recent increase.
Currently, it is unclear whether infliximab, thiopurine
therapy, concomitant immunosuppressive therapy, the
underlying disease, separately or in combination, are risk
factors for the development of these lymphomas.

Taken together, the hypothesis of a slightly
increased risk of lymphomas in IBD patients treated
with anti TNF-therapy is debatable. Most studies
lack the specific design to properly address this issue.
The relative contribution of many risk factors for the
development of lymphomas remains to be determined,
such as the duration of anti-TNF therapy, concomitant
immunosuppressive therapy, and the activity of the
underlying disease.

Pregnancy and biologic therapy

Large-sized antibodies do not pass the placenta in the
first trimester of pregnancy, but placental transfer is
indeed possible in the second and third trimester of
pregnancy. However, infliximab was not detected in
breast milk"""*". To date, limited data are available to
address the safety of anti-TNF medication during
pregnancy. Live births occurred in 67%, miscarriages
in 15%, and therapeutic terminations in 19% in a series
of 96 pregnant patients receiving infliximab for either
Crohn’s disease or theumatoid arthritis™. These results
are comparable to Crohn’s disease patients not receiving
infliximab. However, it should be noted that most women
stopped infliximab after conception. The TREAT registry
reported 66 pregnancies including 36 during infliximab
infusions""”. The number of miscarriages and neonatal
complications were similar in the infliximab-receiving
versus infliximab-naive patients. In another study of 10
pregnant Crohn’s disease patients intentionally receiving
infliximab during pregnancy, all had live births, of which
three infants were premature and one had a low-birth
Weightmj. Infliximab was detectable in newborns from
2 to 6 mo after delivery in a group of five mothers who
were followed from the sixth month of pregnancy until
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after deliverym]. The decreasing levels of infliximab
in newborns despite continuous breastfeeding do
suggest placental transfer rather than transfer »iz breast
milk. According to the FDA drug safety classification,
infliximab is a drug without documented human toxicity,
and is therefore considered category B.

Data on the use of adalimumab is limited, although
case reports do not show adverse effects after the use
of adalimumab during pregnancy**". No increased
risk for adverse pregnancy outcomes was observed in a
prospective cohort including 30 pregnant adalimumab-
exposed rheumatoid arthritis patients, compared to a
control group. A similar outcome was detected for an
additional 66 pregnant patients exposed to adalimumab
who did not meet the study cohort criteria*’.

Until now, the use of infliximab and possibly
adalimumab does not appear to lead to an increased
risk for fecundity, pregnancy, or fetal development. The
available data on toxicity and long-term effects during
pregnancy and in newborns are limited, therefore, a
restrictive approach of using anti-TINF therapy prior to
and during pregnancy seems appropriate. However, it is
also important to realize that active IBD is documented
to be detrimental to fecundity and pregnancy, and active
disease can potentially do more harm to the embryo,
fetus and mother than anti-TNF therapy.

Other safety issues

Neurological disorders following anti-TNF therapy have
been described. Nineteen cases of demyelinating events
following administration of anti-TNF agents were revealed
in a review of the Adverse Events Reporting System
of the Food and Drug Administration™. The latter
observation was associated with a variety of neurological
symptoms, including paresthesia, cognitive dysfunction,
ocular symptoms, difficulty walking, incontinence, and
hemiparesism. Most, but not all, patients demonstrated
partial or full recovery. Furthermore, nine patients on
infliximab and one patient on adalimumab developed
Guillain-Barré syndrome'. Also, optic neuritis was
described in eight patients receiving infliximab and in two
patients receiving adalimumab™,

Abnormal liver function tests are associated with
infliximab therapy. These abnormalities include cholestatic
disease”"! as well as hepatitis-like syndromes”™. Five
patients receiving infliximab for Crohn’s disease (one),
rheumatoid arthritis (three) and psoriatic arthritis (one)
developed liver disease, including one with autoimmune
hepatitis and one with cholestatic liver disease leading to
liver failure®™. In addition, mildly elevated liver enzymes do
occurt, and it is recommended that anti-TNF infusions are
stopped when these increases exceed three times the upper
limit of normal in the case of alanine aminotransferase”™
Abnormal liver functions tests generally return to normal
after discontinuation of anti-TNF therapy. Reactivation
of viral hepatitis[si%] has been described in patients treated
with anti-TNF therapy. Therefore, it is advocated that
in high-risk groups, patients receiving anti-TNF therapy
should be screened for hepatitis B prior to the initiation
of therapy, and if positive, nucleoside analogs should be

prescribed prior to the start of biologic therapy™. Tnterval
monitoring of serum aminotransferases and viral load is
recommended””.

Data on the use of anti-TNF therapy in HIV-
positive patients are limited. No clinical adverse effects
or changes in CD4 count and viral load were detected in
cight patients with rheumatic disease that were followed
during their therapy with infliximab or etanercept. In this
group, five patients received concomitant methotrexate,
and five patients were using highly active antiretroviral
therapy””.

Dermatological symptoms have been reported as a
side effect of infliximab therapy. 150 patients developed
a wide variety of skin eruptions in a single-center cohort
study including 734 infliximab-treated patients[ssl. The
majority of these patients (61%) were diagnosed with
psoriatic dermatitis. Most skin lesions responded well to
topical corticosteroids.

Anti-TNF therapy can lead to an increase in the rate
of heart failure with an increased risk of death. Worsening
of congestive heart failure was reported through the
FDA’s MedWatch in a number of postmarketing reports.
Of 47 reported cases, 38 were new and nine were
exacerbations”™”. Therefore, its use is contraindicated in
patients with class [II-IV New York Heart Association
congestive heart failure.

FUTURE DIRECTIONS

The potential risk for malignancies and infections
during anti-TNF therapy appears strongly increased
with concomitant immunosuppressive therapy, such
as thiopurines. Therefore, risk stratification in order
to reduce side effects in IBD patients requiring
immunosuppressive therapy will become an important
part of long-term treatment in these patients. For
example, previous and latent infections (Epstein Barr
virus, tuberculosis, and hepatitis B), previous malignancies
and comorbidity should be taken into account to decide
whether to withdraw immunosuppressive agents in order
to reduce long-term side effects and maintain remission
in IBD patients. Studies that address the reduction
of immunosuppressive agents, like the withdrawal
of thiopurines and continuation of infliximab in the
study by Van Assche ez al'”', provide valuable data for
the potential reduction of concomitant therapies in
IBD patients. Future trials to determine the effects of
monotherapy versus combination therapy, such as anti-
TNE, thiopurines, and methotrexate, will be important
to guide this strategy. Furthermore, goals of therapy
need to be defined. Should physicians aim for more
aggressive therapy to ultimately achieve mucosal healing
while increasing the risk of side effects, or should clinical
remission remain the goal? Future research will help to
provide patients with optimal therapy leading to quiescent
disease and minimal side effects.

CONCLUSION
Anti-TNF therapy is a robust and effective therapy for
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refractory IBD patients. The side effects can be severe,
therefore, careful consideration and monitoring can
partially prevent damage. Abscesses and opportunistic
infections should be treated, and screening for
tuberculosis as well as hepatitis B and HIV in high-
risk patients is mandatory before the start of treatment.
Antibody formation against anti-TNF agents can be
prevented with concomitant immunosuppressive therapy,
and the majority of infusion reactions due to infliximab
can be prevented with antihistamines and corticosteroids.
The risk of lymphomas requires careful consideration
before the start of biologic therapy. Information on anti-
TNF therapy in pregnancy is limited, although no adverse
effects have been reported so far.

REFERENCES

1

10

11

12

Hoentjen F, Dieleman LA. Pathophysiology of inflammatory
bowel diseases. In: Gibson GR, Roberfroid MB, eds.
Handbook of prebiotics. Boca Raton: CRC Press, 2008:
341-374

Hommes DW, Oldenburg B, van Bodegraven AA, van
Hogezand RA, de Jong DJ, Romberg-Camps M]J, van
der Woude J, Dijkstra G. Guidelines for treatment with
infliximab for Crohn's disease. Neth | Med 2006; 64: 219-229
Rutgeerts P, Van Assche G, Vermeire S. Review article:
Infliximab therapy for inflammatory bowel disease--seven
years on. Aliment Pharmacol Ther 2006; 23: 451-463

Colombel JF, Loftus EV Jr, Tremaine W], Egan L], Harmsen
WS, Schleck CD, Zinsmeister AR, Sandborn WJ. The safety
profile of infliximab in patients with Crohn's disease: the
Mayo clinic experience in 500 patients. Gastroenterology 2004;
126: 19-31

Colombel JF, Sandborn W], Rutgeerts P, Enns R, Hanauer
SB, Panaccione R, Schreiber S, Byczkowski D, Li ], Kent
JD, Pollack PF. Adalimumab for maintenance of clinical
response and remission in patients with Crohn's disease: the
CHARM trial. Gastroenterology 2007; 132: 52-65

Schreiber S, Khalig-Kareemi M, Lawrance IC, Thomsen
0Od, Hanauer SB, McColm J, Bloomfield R, Sandborn W]J.
Maintenance therapy with certolizumab pegol for Crohn's
disease. N Engl | Med 2007; 357: 239-250

Gomez-Reino JJ, Carmona L, Angel Descalzo M. Risk of
tuberculosis in patients treated with tumor necrosis factor
antagonists due to incomplete prevention of reactivation of
latent infection. Arthritis Rheum 2007; 57: 756-761

Carmona L, Gémez-Reino JJ, Rodriguez-Valverde V,
Montero D, Pascual-Gémez E, Mola EM, Carrefio L,
Figueroa M. Effectiveness of recommendations to prevent
reactivation of latent tuberculosis infection in patients
treated with tumor necrosis factor antagonists. Arthritis
Rheum 2005; 52: 1766-1772

Schnitzler F, Fidder H, Ferrante M, Noman M, Arijs I, Van
Assche G, Hoffman I, Van Steen K, Vermeire S, Rutgeerts
P. Long-term outcome of treatment with infliximab in 614
patients with Crohn's disease: results from a single-centre
cohort. Gut 2009; 58: 492-500

Raval A, Akhavan-Toyserkani G, Brinker A, Avigan M.
Brief communication: characteristics of spontaneous cases
of tuberculosis associated with infliximab. Ann Intern Med
2007; 147: 699-702

Dinser R, Fousse M, Sester U, Albrecht K, Singh M, Kshler H,
Miiller-Ladner U, Sester M. Evaluation of latent tuberculosis
infection in patients with inflammatory arthropathies
before treatment with TNF-alpha blocking drugs using
a novel flow-cytometric interferon-gamma release assay.
Rheumatology (Oxford) 2008; 47: 212-218

Tsiodras S, Samonis G, Boumpas DT, Kontoyiannis DP.
Fungal infections complicating tumor necrosis factor alpha

13

14

15

16

17

18

19

20

21

22

23

24

25

26

blockade therapy. Mayo Clin Proc 2008; 83: 181-194
Sandborn WJ, Loftus EV. Balancing the risks and benefits of
infliximab in the treatment of inflammatory bowel disease.
Gut 2004; 53: 780-782

Toruner M, Loftus EV Jr, Harmsen WS, Zinsmeister
AR, Orenstein R, Sandborn W], Colombel JF, Egan LJ.
Risk factors for opportunistic infections in patients with
inflammatory bowel disease. Gastroenterology 2008; 134:
929-936

Lichtenstein GR, Feagan BG, Cohen RD, Salzberg BA,
Diamond RH, Chen DM, Pritchard ML, Sandborn WJ.
Serious infections and mortality in association with
therapies for Crohn's disease: TREAT registry. Clin
Gastroenterol Hepatol 2006; 4: 621-630

Baert F, Noman M, Vermeire S, Van Assche G, D' Haens G,
Carbonez A, Rutgeerts P. Influence of immunogenicity on
the long-term efficacy of infliximab in Crohn's disease. N
Engl ] Med 2003; 348: 601-608

Van Assche G, Magdelaine-Beuzelin C, D'Haens G, Baert
F, Noman M, Vermeire S, Ternant D, Watier H, Paintaud G,
Rutgeerts P. Withdrawal of immunosuppression in Crohn's
disease treated with scheduled infliximab maintenance: a
randomized trial. Gastroenterology 2008; 134: 1861-1868
Feagan BG, Panaccione R, Enns RA, Bernstein CN, Ponich
TP, Bourdages R, MacIntosh DG, Dallaire C, Cohen A,
Fedorak R, Pare P, Bitton A, Saibil F, Anderson F, Donner A,
Wong CJ, Zou GY, Vandervoort M, Hopkins M, Greenberg
GR. A Randomized Trial of Methotrexate in Combination
With Infliximab for the Treatment of Crohn's Disease.
Gastroenterology 2008; 135: 294-295

Sandborn W, Rugeerts P, Reinisch W, Kornbluth A,
Lichtiger S, D’'Haens G, van der Woude C, Daimond R,
Broussard D, Colombel ] . SONIC: A randomized, double-
blind, controlled trial comparing infliximab and infliximab
plus azathioprine to azathioprine in patients with Crohn's
disease naive to immunomodulators and biologic therapy.
Am | Gastroenterol 2008; 103: S436

Maini RN, Breedveld FC, Kalden JR, Smolen ]S, Davis D,
Macfarlane JD, Antoni C, Leeb B, Elliott MJ, Woody JN,
Schaible TF, Feldmann M. Therapeutic efficacy of multiple
intravenous infusions of anti-tumor necrosis factor alpha
monoclonal antibody combined with low-dose weekly
methotrexate in rheumatoid arthritis. Arthritis Rheum 1998;
41: 1552-1563

Hanauer SB, Wagner CL, Bala M, Mayer L, Travers S,
Diamond RH, Olson A, Bao W, Rutgeerts P. Incidence
and importance of antibody responses to infliximab after
maintenance or episodic treatment in Crohn's disease. Clin
Gastroenterol Hepatol 2004; 2: 542-553

Sandborn WJ, Hanauer SB, Rutgeerts P, Fedorak RN, Lukas
M, MacIntosh DG, Panaccione R, Wolf D, Kent ]JD, Bittle B,
Li J, Pollack PF. Adalimumab for maintenance treatment of
Crohn's disease: results of the CLASSIC II trial. Gut 2007; 56:
1232-1239

Aarden L, Ruuls SR, Wolbink G. Immunogenicity of anti-
tumor necrosis factor antibodies-toward improved methods
of anti-antibody measurement. Curr Opin Immunol 2008; 20:
431-435

Bartelds GM, Wijbrandts CA, Nurmohamed MT, Stapel
S, Lems WF, Aarden L, Dijkmans BA, Tak PP, Wolbink
GJ. Clinical response to adalimumab: relationship to
anti-adalimumab antibodies and serum adalimumab
concentrations in rheumatoid arthritis. Ann Rheum Dis 2007;
66: 921-926

West RL, Zelinkova Z, Wolbink GJ, Kuipers EJ, Stokkers PC,
van der Woude CJ. Immunogenicity negatively influences
the outcome of adalimumab treatment in Crohn's disease.
Aliment Pharmacol Ther 2008; 28: 1122-1126

Cheifetz A, Smedley M, Martin S, Reiter M, Leone G, Mayer
L, Plevy S. The incidence and management of infusion
reactions to infliximab: a large center experience. Am |
Gastroenterol 2003; 98: 1315-1324

www.wjgnet.com



Hoentjen F et a/. Safety of anti-TNF in IBD

2073

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Mayer L, Young Y. Infusion reactions and their
management. Gastroenterol Clin North Am 2006; 35: 857-866
Sandborn WJ, Feagan BG, Stoinov S, Honiball PJ, Rutgeerts
P, Mason D, Bloomfield R, Schreiber S. Certolizumab pegol
for the treatment of Crohn's disease. N Engl ] Med 2007; 357:
228-238

Ellerin T, Rubin RH, Weinblatt ME. Infections and anti-
tumor necrosis factor alpha therapy. Arthritis Rheum 2003;
48: 3013-3022

Vermeire S, Noman M, Van Assche G, Baert F, Van Steen K,
Esters N, Joossens S, Bossuyt X, Rutgeerts P. Autoimmunity
associated with anti-tumor necrosis factor alpha treatment in
Crohn's disease: a prospective cohort study. Gastroenterology
2003; 125: 32-39

Benucci M, Saviola G, Baiardi P, Cammelli E, Manfredi
M. Anti-nucleosome antibodies as prediction factor of
development of autoantibodies during therapy with three
different TNFalpha blocking agents in rheumatoid arthritis.
Clin Rheumatol 2008; 27: 91-95

Caramaschi P, Biasi D, Colombatti M, Pieropan S,
Martinelli N, Carletto A, Volpe A, Pacor LM, Bambara
LM. Anti-TNFalpha therapy in rheumatoid arthritis and
autoimmunity. Rheumatol Int 2006; 26: 209-214

Askling J, Brandt L, Lapidus A, Karlén P, Bjérkholm M,
Lofberg R, Ekbom A. Risk of haematopoietic cancer in
patients with inflammatory bowel disease. Gut 2005; 54:
617-622

Askling J, Fored CM, Baecklund E, Brandt L, Backlin C,
Ekbom A, Sundstrém C, Bertilsson L, Coster L, Geborek P,
Jacobsson LT, Lindblad S, Lysholm ], Rantap&&-Dahlqvist
S, Saxne T, Klareskog L, Feltelius N. Haematopoietic
malignancies in rheumatoid arthritis: lymphoma risk and
characteristics after exposure to tumour necrosis factor
antagonists. Ann Rheum Dis 2005; 64: 1414-1420

Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, Matteson
EL, Montori V. Anti-TNF antibody therapy in rheumatoid
arthritis and the risk of serious infections and malignancies:
systematic review and meta-analysis of rare harmful effects
in randomized controlled trials. JAMA 2006; 295: 2275-2285
Lewis JD, Bilker WB, Brensinger C, Deren JJ, Vaughn D],
Strom BL. Inflammatory bowel disease is not associated
with an increased risk of lymphoma. Gastroenterology 2001;
121: 1080-1087

Jones JL, Loftus EV Jr. Lymphoma risk in inflammatory
bowel disease: is it the disease or its treatment? Inflamm
Bowel Dis 2007; 13: 1299-1307

Dayharsh GA, Loftus EV Jr, Sandborn WJ, Tremaine
W], Zinsmeister AR, Witzig TE, Macon WR, Burgart L]J.
Epstein-Barr virus-positive lymphoma in patients with
inflammatory bowel disease treated with azathioprine or
6-mercaptopurine. Gastroenterology 2002; 122: 72-77

Shale M, Kanfer E, Panaccione R, Ghosh S. Hepatosplenic T
cell lymphoma in inflammatory bowel disease. Gut 2008; 57:
1639-1641

Vasiliauskas EA, Church JA, Silverman N, Barry M, Targan
SR, Dubinsky MC. Case report: evidence for transplacental
transfer of maternally administered infliximab to the
newborn. Clin Gastroenterol Hepatol 2006; 4: 1255-1258
Stengel JZ, Arnold HL. Is infliximab safe to use while
breastfeeding? World | Gastroenterol 2008; 14: 3085-3087
Katz JA, Antoni C, Keenan GF, Smith DE, Jacobs S]J,
Lichtenstein GR. Outcome of pregnancy in women receiving
infliximab for the treatment of Crohn's disease and

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

rheumatoid arthritis. Am | Gastroenterol 2004; 99: 2385-2392
Mahadevan U, Kane S, Sandborn WJ, Cohen RD, Hanson K,
Terdiman JP, Binion DG. Intentional infliximab use during
pregnancy for induction or maintenance of remission in
Crohn's disease. Aliment Pharmacol Ther 2005; 21: 733-738
Mahadevan U, Terdiman JP, Church J, Vasiliauskas E,
Gitis A, Dubinsky MC. Infliximab levels in infants born to
women with inflammatory bowel disease. Gastroenterology
2007; 132 Suppl 2: A144

Coburn LA, Wise PE, Schwartz DA. The successful use of
adalimumab to treat active Crohn's disease of an ileoanal
pouch during pregnancy. Dig Dis Sci 2006; 51: 2045-2047
Mishkin DS, Van Deinse W, Becker JM, Farraye FA.
Successful use of adalimumab (Humira) for Crohn's disease
in pregnancy. Inflamm Bowel Dis 2006; 12: 827-828

Johnson D, Lyons JK, Chambers C. Pregnancy outcomes in
women exposed to adalimumab. 73rd annual meeting of the
american college of gastroenterology. 2008: 958

Mohan N, Edwards ET, Cupps TR, Oliverio PJ, Sandberg G,
Crayton H, Richert JR, Siegel JN. Demyelination occurring
during anti-tumor necrosis factor alpha therapy for
inflammatory arthritides. Arthritis Rheum 2001; 44: 2862-2869
Shin IS, Baer AN, Kwon H]J, Papadopoulos EJ, Siegel JN.
Guillain-Barré and Miller Fisher syndromes occurring with
tumor necrosis factor alpha antagonist therapy. Arthritis
Rheum 2006; 54: 1429-1434

Simsek I, Erdem H, Pay S, Sobaci G, Dinc A. Optic neuritis
occurring with anti-tumour necrosis factor alpha therapy.
Ann Rheum Dis 2007; 66: 1255-1258

Menghini VV, Arora AS. Infliximab-associated reversible
cholestatic liver disease. Mayo Clin Proc 2001; 76: 84-86
Moum B, Konopski Z, Tufteland KF, Jahnsen J. Occurrence
of hepatoxicicty and elevated liver enzymes in a Crohn's
disease patient treated with infliximab. Inflamm Bowel Dis
2007; 13: 1584-1586

Tobon GJ, Cadas C, Jaller J], Restrepo JC, Anaya JM. Serious
liver disease induced by infliximab. Clin Rheumatol 2007; 26:
578-581

Centocor, Inc. Remicade (infliximab) for IV injection. Full
Prescribing Information. IN08520. Malvern, PA: Centocor.
Revised December 2008. Accessed April 12, 2009. Available
from: URL: http://www.remicade.com/remicade/assets/
HCP_PPLpdf

Millonig G, Kern M, Ludwiczek O, Nachbaur K, Vogel W.
Subfulminant hepatitis B after infliximab in Crohn's disease:
need for HBV-screening? World | Gastroenterol 2006; 12:
974-976

Esteve M, Saro C, Gonzalez-Huix F, Suarez F, Forné
M, Viver JM. Chronic hepatitis B reactivation following
infliximab therapy in Crohn's disease patients: need for
primary prophylaxis. Gut 2004; 53: 1363-1365

Cepeda EJ, Williams FM, Ishimori ML, Weisman MH,
Reveille JD. The use of anti-tumour necrosis factor therapy
in HIV-positive individuals with rheumatic disease. Ann
Rheum Dis 2008; 67: 710-712

Fidder H, Schnitzler F, Ferrante M, Noman M, Katsanos
K, Segaert S, Henckaerts L, Van Assche G, Vermeire S,
Rutgeerts P. Long-term safety of infliximab for the treatment
of inflammatory bowel disease: a single-centre cohort study.
Gut 2009; 58: 501-508

Kwon HJ, Coté TR, Cuffe MS, Kramer JM, Braun MM. Case
reports of heart failure after therapy with a tumor necrosis
factor antagonist. Ann Intern Med 2003; 138: 807-811

S- Editor LiLF L- Editor Webster JR E- Editor Zheng XM

www.wjgnet.com



