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Abstract
Treatment of inflammatory bowel disease has sign

ificantly improved since the introduction of biological 
agents, such as infliximab, adalimumab, certolizumab 
pegol, and golimumab. The Food and Drug Admini
stration has classified these factors in category B, 
which means that they do not demonstrate a fetal risk. 
However, during pregnancy fetuses are exposed to 
high anti-tumor necrosis factor (TNF) levels that are 
measurable in their plasma after birth. Since antibodies 
can transfer through the placenta at the end of the 
second and during the third trimesters, it is important 
to know the safety profile of these drugs, particularly 
for the fetus, and whether maintaining relapse of the 
disease compensates for the potential risks of fetal 
exposure. The limited data available for the anti-TNF 
drugs to date have not demonstrated any significant 
adverse outcomes in the pregnant women who 
continued their therapy from conception to the first 
trimester of gestation. However, data suggest that anti-
TNFs should be discontinued during the third trimester, 
as they may affect the immunological system of the 
newborn baby. Each decision should be individualized, 
based on the distinct characteristics of the patient and 
her disease. Considering all the above, there is a need 
for more clinical studies regarding the effect of anti-
TNF therapeutic agents on pregnancy outcomes.
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Core tip: Modern inflammatory bowel disease treatment 
includes biological therapy, such as anti-tumor necrosis 
factor (TNF) agents. There are concerns over the use 
of anti-TNF agents during pregnancy, although the data 
available to date are limited. No significant increases 
in the adverse outcomes of pregnancy have been 
reported in women who continued their treatment 
from conception to the first trimester of pregnancy. 
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Decision making in this case dictates that the mother’s 
benefits of maintaining relapse of the disease through 
continuation of anti-TNFs exceeds the potential risks of 
fetal exposure.
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INFLAMMATORY BOWEL DISEASE AND 
ANTI-TNF THERAPY
Anti-tumor necrosis factor (TNF) agents are an 
effective therapeutic option in patients with inflam
matory bowel disease (IBD), including ulcerative 
colitis (UC) and Crohn’s disease (CD). The highest 
incidence of IBD is seen between the second and 
fourth decades of life, which is the most fertile age for 
women. However, data concerning their safety during 
pregnancy are scarce.

CD usually affects people between the second and 
third decades of life, thereby having a negative impact 
on pregnancy outcomes. Simultaneously, pregnancy 
itself can negatively affect the outcome of CD[1]. 
Approximately 25% of women with IBD can achieve 
normal conception and fertilization. It is already known 
that one-third of patients with active CD present a 
relapsing course during pregnancy, and, if conception 
occurs while the disease is active, a deterioration in 
two-thirds of the cases is observed[2].

Likewise, UC is a chronic, inflammatory disease 
that predominantly occurs during reproductive age. 
Although controversial, studies indicate that UC may 
increase the risk for preterm births, suspension of 
full fetal development, and perinatal mortality. The 
controversy surrounding these studies arises from 
differences in their design and their usually small 
sample size[3].

Two studies to date have reported an increased 
incidence of congenital abnormalities in fetuses of 
women with UC[4-6]. Dominitz et al[4] underscored 
that it is not possible to distinguish between small or 
large abnormalities and that chromosomal aberrations 
should also be taken into consideration. In another 
case series, it was reported that women with UC 
present with a 30% increase (though non-significant, 
95%CI: 0.9-1.8) in congenital abnormalities of fetuses 
and a significantly higher risk of certain abnormalities, 
such as lesions in the extremities, obstruction of the 
urinary tract, and multiple genetic abnormalities.

Modern IBD treatment armamentarium includes 
biological therapy, such as anti-TNF agents, accompanied 
with concerns over their use during gestation. In 

general, the Food and Drug Administration has 
categorized all drugs to five categories, A, B, C, D, 
and X, based on the incurring fetal risk. According to 
the Food and Drug Administration (FDA), category A 
consists of drugs for which controlled studies in women 
have failed to demonstrate a risk to the fetus in the 
first trimester, and, thus, fetal harm appears remote. 
Category B consists of either animal reproduction 
studies that have not demonstrated a fetal risk but 
have no corresponding human studies or animal 
studies that have shown adverse effects that have 
not been confirmed in controlled studies of women 
in the first trimester (or subsequent trimesters). 
Category C means that animal studies have revealed 
adverse fetal effects but that no controlled studies in 
women have been done or that no studies in women 
or animals are available. Category D consists of drugs 
for which human studies and/or adverse reaction data 
have shown evidence of fetal risk, but the benefits 
of use may outweigh the potential risks. Category X 
encompasses drugs in which human and animal studies 
have demonstrated fetal abnormalities, and the risk of 
using the drug in a pregnant woman clearly outweighs 
any benefit.

In particular, although there are limited data to 
date concerning the use of anti-TNF agents during 
pregnancy, no significant increases in the adverse 
outcomes of pregnancy have been reported in women 
who continued their treatment from conception to the 
first trimester of pregnancy[7,8]. The FDA has classified 
these factors in category B. Most researchers, however, 
recommend discontinuing anti-TNF therapy prior to 
pregnancy[7].

Decision making, however, in this case scenario 
dictates that the mother’s benefits of maintaining 
relapse of the disease through continuation of anti-
TNFs exceeds the potential risks of fetal exposure. 
The fact that antibodies transfer through the placenta 
at the end of the second and during the third tri
mesters suggests that the scheduled dosing of 
anti-TNF agents may continue in the first 20 wk of 
pregnancy and then should stop. However, Mishkin et 
al[9] studied pregnancy outcomes in 92 to 122 cases 
and reported that the incidence of miscarriage and 
dead embryos was not significantly different than the 
general population and patients that are not under any 
biological treatment therapy.

Although biological drugs do not seem to possess 
any teratogenic properties, at least in animal models, 
they may inhibit maturation of the immunological 
system of the newborn child. Comparative studies 
between women with IBD exposed to anti-TNF agents 
during pregnancy and the general population did not 
demonstrate a high risk to the fetus incurred from anti-
TNF use. It is important to note that there have been 
published cases of pregnant women who received 
anti-TNF drugs that did not report any side effects. 
Nevertheless, the FDA recommends that doctors 
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should evaluate each case with increased caution and 
prudence and not to encourage anti-TNF use during 
pregnancy unless necessary[7].

With respect to IBD patients under biological 
treatment who become pregnant or if a pregnancy 
occurs while the disease is active, requiring immediate 
biological treatment, decisions should be made on 
an individual basis, as the short- and long-term 
effects of fetal exposure to these specific factors are 
still under investigation. Furthermore, there are as 
yet no clear guidelines regarding the best decision, 
which is a balance between the risks and benefits for 
the mother and the child, separately. Therefore, the 
decision whether or not to use biological treatment 
during pregnancy should be made carefully, especially 
because the levels of anti-TNF drugs in the maternal 
serum are unknown and it is uncertain whether this 
treatment is safe for the fetus[10].

Adverse pregnancy outcomes, such as premature 
birth, miscarriages, preeclampsia, and low birth 
weight embryos, have been observed in certain cases 
of fetal exposure to biological agents. However, they 
tend to be balanced by the need for clinical remission 
of the pregnant woman, and also, they may be an 
outcome of the autoimmune disease itself. Information 
regarding birth defects caused by anti-TNF agents 
is scarce, and to our knowledge, only one study has 
reported on the incidence of birth abnormalities in the 
offspring of women who were under anti-TNF therapy 
at some stage during gestation[11].

Therefore, there is a need for more clinical studies 
regarding the effect of anti-TNF therapeutic agents 
on pregnancy outcomes. The decision whether 
or not the agent compensates for the risk of fetal 
exposure should be taken carefully by the clinician 
(e.g., gastroenterologist) in collaboration with the 
gynecologist. Finally, psychological support for the 
pregnant woman and scheduled monitoring throughout 
pregnancy are recommended.

ANTI-TNF AGENTS
Anti-TNF biological agents are either fully chimeric 
or humanized antibodies for ligands or soluble 
receptors, or recombinant receptor antagonists. 
Their mode of action concerns inhibition of TNF-α, 
based on the pleiotropic function of the molecule in 
cellular proliferation, cell adhesion, migration, and 
inflammatory cytokine induction response. Their 
main purpose, therefore, is interference on the 
inflammation pathway. However, the way they achieve 
this differs among monoclonal antibodies and soluble 
receptors[12].

Monoclonal antibodies were the first molecules 
developed for the inhibition of TNF agents, and 
they are widely used today in clinical practice. The 
production of monoclonal antibodies from mice was 
originally developed for research purposes in the 
1980s. Mouse monoclonal antibodies are derived from 

cell lines, known as hybridomas[13]. A few years after 
the production of monoclonal antibodies as therapeutic 
targets, soluble forms of the TNF receptor (TNF-R) 
were isolated from human urine. The unique form of 
soluble TNF-R was one subunit, but it was immediately 
abandoned because of reduced binding of the ligand. 
The design and production of the soluble dimeric TNF-R 
form was an important step for the development of 
biological therapies in medicine[14].

As biological agents are protein molecules, they 
are quickly degraded inside the stomach. For this 
reason, they are parenterally administered, i.e., either 
subcutaneously or intravenously at regular intervals[15].

The administration of biological agents has been 
associated with a number of side effects that should be 
known to clinicians treating these patients. Selecting 
the correct patients to receive biological agents as 
well the constant and close monitoring of them are 
essential fundamentals for administering anti-TNF 
therapy safely[16,17].

Currently, four anti-TNF agents, namely infliximab, 
adalimumab, certolizumab pegol, and golimumab, are 
FDA-approved for treatment of IBD.

SAFETY OF ANTI-TNF TREATMENT 
DURING PREGNANCY
Infliximab
It is currently unknown whether infliximab causes 
damage to the fetus when administered to the mother 
or even if it can affect the reproductive capacity of 
women. However, it is certain that it should be given 
to pregnant women only when necessary. Because it 
does not interact with TNF-α factor of other species 
besides humans and chimpanzees, there have been no 
reproductive studies conducted in laboratory animals 
using infliximab. No indication of maternal toxicity, 
embryotoxicity, or teratogenesis has been observed in 
any study conducted in mice, using a similar antibody, 
which has the ability to selectively inhibit the activity of 
murine TNF-α agent. As an immunoglobulin antibody, 
infliximab crosses the placenta and has been detected 
for more than 6 mo in neonatal serum from children 
born to mothers who received the treatment during 
pregnancy. Therefore, these newborns, may be at 
increased risk for infection, and their vaccinations 
should be carried out with special attention (FDA, 
2015).

Multiple case reports refer to women with IBD who 
received infliximab during pregnancy, four of which 
were CD patients. The first described a 26-year-old 
CD patient who became pregnant while receiving 
infliximab infusions. She gave birth to a 681 g 
baby at 24 wk of gestation. The neonate developed 
internal bleeding and was disconnected from artificial 
support on the third day of birth and subsequently 
died. However, the severity of her disease and the 
fact that the patient conceived at the moment when 
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IBD was still active and that she was also under 
other medications could have affected the pregnancy 
outcome. In the remaining three pregnancies, two full-
term and one premature, the newborns were still alive 
months after birth[18,19].

More recently, the Crohn’s Therapy, Resource, 
Evaluation and Assessment Tool (TREAT) database 
has provided information for more patients. TREAT is a 
progressive record database, associated with studying 
patients with CD and evaluating safety of various 
treatments, including infliximab. These patients 
can be treated with infliximab or not. Of the 5807 
patients who participated, there were 66 pregnancies, 
36 of which were women under infliximab therapy 
prior to conception. Embryonic abnormalities were 
not observed in any of the embryos. Comparing 
patients who received infliximab vs those who did 
not, there were no significant differences in the 
rate of abortions (11.1% vs 7.1%, P = 0.53) and 
complications in newborns (8.3% vs 7.1%, P = 0.78). 
Patients under infliximab were more likely to exhibit 
severe form of the disease and to use steroids and 
immunomodulatory drugs[20].

In 2004, Katz et al[20], elaborated a larger volume 
of information over the use of infliximab before and 
after gestation and published the first large-scale study 
on the probable outcome of pregnancy in women with 
CD. Data collection was based on drug indications, 
administration time in relation to conception, and 
course and outcome of pregnancy. The percentage of 
live embryos, miscarriages, and therapeutic abortions 
for women who were exposed to infliximab before 
or during gestation was comparable to the general 
population of pregnant women and to those of 
pregnant women with CD who had not received this 
specific therapy.

Of 146 identified pregnancies, 131 were exposed 
to infliximab, and data concerning their pregnancy 
outcome were provided for 96 cases. From these 
cases with known outcome, 64 (67%) resulted in live 
newborns, 14 (15%) in miscarriages, and 18 (19%) 
in termination for medical reasons. There were five 
reports of newborns born with complications: the first 
was born at 24 wk and expired, the second underwent 
a complex period of complications, the third was 
born with Fallot’s tetralogy, the fourth developed an 
intestinal twist, and the last showed delayed growth 
and hypothyroidism. These results were similar to 
those of the general population of pregnant women 
and pregnant women with CD who did not receive 
infliximab. Based on these results, researchers 
concluded that the overall safety of the drug during 
gestation was not significantly different between 
women who received treatment and women who 
did not. However, an increased risk to the fetus was 
observed[20].

The first study, concerning the intentional use of 
infliximab during pregnancy to induce and maintain 
remission of CD was conducted in 2005 by Mahadevan 

et al[21]. All previous reports concerned unintentional 
or forced treatment for seriously ill women[18-20]. 
This study included 10 women, eight of whom were 
receiving maintenance therapy with infliximab and 
one who had started drug administration at the third 
trimester of pregnancy due to a severe relapse of 
her CD. One of them started infliximab during the 
first trimester of pregnancy due to steroid-dependent 
disease but was not compliant and refused further 
treatment. Five pregnant women were also receiving 
mercaptopurine treatment, and another four were 
under corticosteroids, with the last one using steroids 
during the first trimester.

According to the results of the study[21], four 
women exhibited no symptoms of the disease in the 
period from conception to labor (in the first two cases 
remission was observed and in the remaining two 
there was moderate disease activity). Two women 
showed disease improvement and four relapsed (two 
of them were in remission, although they relapsed 
after labor; the third showed mild relapse during the 
second trimester, but infliximab administration had just 
begun at that time; and the last developed a severe 
relapse and, therefore, started steroid administration). 
From those 10 women, eight gave birth by cesarean 
section (four due to active perianal disease, two due to 
active CD, one due to preterm birth, and the last due 
to a previous cesarean section). All 10 pregnancies 
resulted in live newborns. Congenital abnormalities 
were not observed in any of the fetuses, with an 
average follow up of 6 mo. Finally, there were three 
premature deliveries and two neonates with some 
embryonic disease not associated with infliximab. 
These data, in combination with earlier reports of 
accidental use of the drug during pregnancy, suggest 
that the benefit of infliximab use in inducing and 
maintaining remission in CD pregnant women usually 
outweighs fetal risk due to exposure to the agent[21].

The most recent review[22] concerning infliximab 
administration in IBD patients during gestation includes 
data until June 2014. It reported that infliximab 
crosses the placenta at the end of the second trimester 
of gestation. The use of the agent after the second 
trimester leads to intrauterine exposure. Although 
infliximab administration during gestation appears to 
be safe in the short term, there are concerns about 
the drug’s effects on the development of the immune 
system of the fetus. Researchers argue that the 
administration of the drug should be discontinued, 
at least at the second trimester, when the mother 
is in remission, an approach considered safe for the 
mother that also minimizes the risk of fetal exposure 
to the agent. Infliximab has been detected in minor 
quantities in breast milk. Case reports do not suggest 
toxicity[18,19], but the long-term effects of exposure are 
currently under investigation[22].

Adalimumab
In 2002, the FDA has conducted an embryotoxicity 
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study[23] of adalimumab in experimental animals and 
showed no harm incurring from this agent to the fetus 
for doses exceeding 100 mg/kg. However, in humans 
there are not sufficient data over its toxicity to the 
embryo. Since developmental and reproductive studies 
in laboratory animals are not always representative of 
the human response, it is reasonable to suggest that 
adalimumab should be administered during gestation 
only if considered necessary.

The first case report of maintenance treatment with 
adalimumab on IBD during pregnancy was conducted 
by Vesga et al[24]. This report described the pregnancy 
course of a 34-year-old woman with chronic and 
active CD during conception. Infliximab administration 
was initially successful, but over time, the response 
was lost. Subsequently, adalimumab was introduced 
and continued until 1 mo before conception. During 
gestation, the patient received a total of 38 doses of 
40 mg of the drug, subcutaneously. She continued 
the drug administration after labor and during breast
feeding.

In detail, the mother had active disease at the time 
of conception, mild symptomatic improvement in the 
first trimester of gestation, and mild disease activity 
during the third trimester. After labor, she showed mild 
to disease in remission. Pregnancy occurred without 
any complications, and the fetal prenatal ultrasound 
showed normal growth without visible congenital 
anomalies. Due to the history of perianal disease, a 
cesarean section was performed without complications 
at 38.5 wk. No neonatal abnormalities were detected. 
The newborn was monitored up to 6 mo and showed 
normal development and function[24].

The next case report concerning the use of 
adalimumab during IBD pregnancy was published 
1 year later by Mishkin et al[9]. This particular case 
involved a 35-year-old female with persistent CD who 
did not respond to 5-aminosalicylic acid, antibiotics, 
or thiopurines. Seven years later, infliximab was 
introduced to the patient, initially with good clinical 
response. However, over time, she began requiring 
larger doses and smaller intervals between injections 
(every 4 or 6 wk), and she did not respond to 
the addition of corticosteroids. Adalimumab was 
then suggested at 80 mg initially and then 40 mg, 
subcutaneously, every second week. Her condition 
improved, but seven months after adalimumab 
initiation, she became pregnant.

By her own decision, she continued administration 
of the drug during gestation. She was admitted to 
a hospital at week 20 for unexplained fever and 
abdominal pain, but symptoms improved after a 
2-wk course of steroids. She gave birth normally to a 
healthy neonate. Moreover, she continued treatment 
after labor and during breast-feeding. The newborn 
was monitored until 6 mo and showed normal 
development, in accordance to the previous study[25].

Another case report described the pregnancy 
course of a 34-year-old woman with CD treated with 

budesonide and then prednisone between weeks 6 and 
20 of gestation. At this time, azathioprine was initiated 
at 100 mg/d, and adalimumab, initially, at 80 mg 
(one dose) and then at 40 mg every week. Labor was 
induced at 38 wk. The patient gave birth to a healthy 
newborn (2.89 kg) who developed normally until the 
age of 1 year[25].

A subsequent case report described a 32-year-
old woman with CD. Treatment with infliximab 
was successful in the first 17 mo of pregnancy. 
Then, her condition deteriorated, and she received 
adalimumab with an initial dose of 160 mg, followed 
by maintenance therapy, with a dose of 80 mg every 
other week. Remission was once again induced, and, 
therefore, medication was reduced to 40 mg every 
other week for further maintenance therapy, for a total 
of 18 doses. Overall, three non-intentional doses of 
adalimumab were given during the first trimester of 
gestation. At that time, treatment with adalimumab 
was automatically discontinued, and the patient and 
fetus were closely monitored for any side effects. 
Finally, the patient gave birth to a healthy newborn 
(3360 g), who remained healthy until the age of 2 
years old[26].

In a recent study by Schnitzler et al[27], pregnancy 
outcome was recorded and risk-to-benefit ratio was 
assessed in 212 women with IBD under infliximab or 
adalimumab. Specifically, 42 pregnancies with direct 
exposure to anti-TNF agents (35 infliximab, seven 
adalimumab) were compared to 23 pregnancies 
before IBD diagnosis, 78 pregnancies before infliximab 
administration, 53 pregnancies with direct exposure to 
infliximab, and 56 pregnancies of healthy women.

The results of this study showed that 32 of the 42 
pregnancies resulted in live fetuses, with an average 
gestational duration of 38 wk. Three resulted in 
premature birth, six were low weight newborns, and 
one had not been completed at that time. One of them 
(1640 kg) was born the 33rd week and died 13 d later 
due to necrotic colitis. A total of eight miscarriages was 
observed. A trisomy 18 was diagnosed in a mother 
with CD (aged 37 years) under adalimumab therapy, 
and the pregnancy was terminated. The outcomes of 
pregnancies with direct exposure to anti-TNF agents 
was not different from those that had discontinued 
therapy before pregnancy or from those with indirect 
exposure to the agent, but it was worse compared to 
pregnancies before IBD diagnosis[27].

In a subsequent study by Zelinkova et al[28], the 
focus was on the pregnancy of women with mild 
IBD who discontinued anti-TNF treatment. The inves
tigators analyzed the levels of biological agents in 
omphalo-placenta samples. In total, 31 pregnancies 
were studied, with 28 of them exposed to anti-TNF 
agents (18 received infliximab and 13 adalimumab). 
Enzyme-dependent immunoprecipitation was used to 
measure the levels of factors in umbilical cord blood, 
collected from 18 newborns (12 of whom exposed to 
infliximab and six to adalimumab).
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Among the patients who received infliximab, 12 
(71%) discontinued treatment on the 30th week of 
gestation, and all patients remained in remission. 
All patients who received adalimumab discontinued 
treatment before 30th the week, which resulted in two 
relapses. Finally, 28 live newborns were born, there 
was one miscarriage in a patient receiving infliximab 
(on the 6th week of gestation), and two miscarriages 
among patients receiving adalimumab (on the sixth 
and eighth week). No congenital anomalies were 
observed[28].

Certolizumab pegol and golimumab
Reproductive studies in laboratory animals are not 
possible to perform since certolizumab pegol is specific 
for humans. Likewise, golimumab effects on human 
pregnancies are lacking.

CONCLUSION
The decision to continue anti-TNF therapy during 
pregnancy is very difficult for both the clinician and the 
mother-patient. The aim is to maintain remission in the 
mother’s disease while minimizing fetal exposure. It 
is a fact that placental transfer starts at the beginning 
of the second trimester of gestation and is maximized 
during the third. Therefore, it is preferable to avoid 
administering these agents in the third trimester 
of pregnancy. The decision should be made on an 
individual basis, always keeping in mind the distinct 
characteristics of the patient and her disease.

REFERENCES
1	 Malaguarnera M, Cristaldi E, Romano G, Malaguarnera L. 

Autoimmunity in the elderly: Implications for cancer. J Cancer Res 
Ther 2012; 8: 520-527 [PMID: 23361268]

2	 Caprilli R, Gassull MA, Escher JC, Moser G, Munkholm P, 
Forbes A, Hommes DW, Lochs H, Angelucci E, Cocco A, Vucelic 
B, Hildebrand H, Kolacek S, Riis L, Lukas M, de Franchis R, 
Hamilton M, Jantschek G, Michetti P, O’Morain C, Anwar MM, 
Freitas JL, Mouzas IA, Baert F, Mitchell R, Hawkey CJ. European 
evidence based consensus on the diagnosis and management of 
Crohn’s disease: special situations. Gut 2006; 55 Suppl 1: i36-i58 
[PMID: 16481630 DOI: 10.1136/gut.2005.081950c]

3	 Nørgård B, Fonager K, Sørensen HT, Olsen J. Birth outcomes of 
women with ulcerative colitis: a nationwide Danish cohort study. 
Am J Gastroenterol 2000; 95: 3165-3170 [PMID: 11095336 DOI: 
10.1111/j.1572-0241.2000.03290.x]

4	 Dominitz JA, Young JC, Boyko EJ. Outcomes of infants born to 
mothers with inflammatory bowel disease: a population-based cohort 
study. Am J Gastroenterol 2002; 97: 641-648 [PMID: 11926208 DOI: 
10.1111/j.1572-0241.2002.05543.x]

5	 Larzilliere I, Beau P. [Chronic inflammatory bowel disease and 
pregnancy. Case control study]. Gastroenterol Clin Biol 1998; 22: 
1056-1060 [PMID: 10051981]

6	 Nørgård B, Puho E, Pedersen L, Czeizel AE, Sørensen HT. 
Risk of congenital abnormalities in children born to women with 
ulcerative colitis: a population-based, case-control study. Am J 
Gastroenterol 2003; 98: 2006-2010 [PMID: 14499779 DOI: 10.1111/
j.1572-0241.2003.07578.x]

7	 Furst DE, Keystone EC, Braun J, Breedveld FC, Burmester GR, 
De Benedetti F, Dörner T, Emery P, Fleischmann R, Gibofsky A, 

Kalden JR, Kavanaugh A, Kirkham B, Mease P, Sieper J, Singer 
NG, Smolen JS, Van Riel PL, Weisman MH, Winthrop K. Updated 
consensus statement on biological agents for the treatment of 
rheumatic diseases, 2011. Ann Rheum Dis 2012; 71 Suppl 2: i2-i45 
[PMID: 22460137 DOI: 10.1136/ard.2007.081430]

8	 Skomsvoll JF, Wallenius M, Koksvik HS, Rødevand E, Salvesen 
KA, Spigset O, Kvien TK. Drug insight: Anti-tumor necrosis 
factor therapy for inflammatory arthropathies during reproduction, 
pregnancy and lactation. Nat Clin Pract Rheumatol 2007; 3: 
156-164 [PMID: 17334338 DOI: 10.1038/ncprheum0426]

9	 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 [PMID: 16917239]

10	 Nielsen OH, Loftus EV, Jess T. Safety of TNF-α inhibitors during 
IBD pregnancy: a systematic review. BMC Med 2013; 11: 174 
[PMID: 23902720 DOI: 10.1186/1741-7015-11-174]

11	 Carter JD, Ladhani A, Ricca LR, Valeriano J, Vasey FB. A safety 
assessment of tumor necrosis factor antagonists during pregnancy: 
a review of the Food and Drug Administration database. J 
Rheumatol 2009; 36: 635-641 [PMID: 19132789 DOI: 10.3899/
jrheum.080545]

12	 McCormack G, Moriarty D, O’Donoghue DP, McCormick PA, 
Sheahan K, Baird AW. Tissue cytokine and chemokine expression 
in inflammatory bowel disease. Inflamm Res 2001; 50: 491-495 
[PMID: 11713901]

13	 Bringman TS, Aggarwal BB. Monoclonal antibodies to human 
tumor necrosis factors alpha and beta: application for affinity 
purification, immunoassays, and as structural probes. Hybridoma 
1987; 6: 489-507 [PMID: 2445655]

14	 Engelmann H, Novick D, Wallach D. Two tumor necrosis 
factor-binding proteins purified from human urine. Evidence for 
immunological cross-reactivity with cell surface tumor necrosis factor 
receptors. J Biol Chem 1990; 265: 1531-1536 [PMID: 2153136]

15	 Smolen J, Landewé RB, Mease P, Brzezicki J, Mason D, Luijtens 
K, van Vollenhoven RF, Kavanaugh A, Schiff M, Burmester GR, 
Strand V, Vencovsky J, van der Heijde D. Efficacy and safety 
of certolizumab pegol plus methotrexate in active rheumatoid 
arthritis: the RAPID 2 study. A randomised controlled trial. Ann 
Rheum Dis 2009; 68: 797-804 [PMID: 19015207 DOI: 10.1136/
ard.2008.101659]

16	 Papamichael K, Gazouli M, Karakoidas C, Panayotou I, Roma-
Giannikou E, Mantzaris GJ. Association of TNF and FcγRΙΙΙA 
gene polymorphisms with differential response to infliximab in a 
Greek cohort of Crohn’s disease patients. Ann Gastroenterol 2011; 
24: 35-40 [PMID: 24714240]

17	 Tursi A, Elisei W, Picchio M, Penna A, Forti G, Giorgetti GM, 
Faggiani R, Zampaletta C, Pelecca G, Brandimarte G. Effectiveness 
of adalimumab for ambulatory ulcerative colitis patients after 
failure of infliximab treatment: a first “real-life” experience in 
primary gastroenterology centers in Italy. Ann Gastroenterol 2014; 
27: 369-373 [PMID: 25331091]

18	 James PL. Successful treatment of pregnancy-triggered Crohn’
s disease complicated by severe recurrent life-threatening gastro
intestinal bleeding. Am J Gastroenterol 2001; 96: S295 [DOI: 
10.1016/S0002-9270(01)03714-5]

19	 Bank LH. Unexpected dramatic clinical response of psoriasis 
lesions and unexpected pregnancy in an infertile patient in response 
to treatment with anti-tumor necrosis factor monoclonal antibody 
for Crohn’s disease. Am J Gastroenterol 2002; 97: S260 [DOI: 
10.1093/rheumatology/kel400]

20	 Katz JA, Antoni C, Keenan GF, Smith DE, Jacobs SJ, Lichtenstein 
GR. Outcome of pregnancy in women receiving infliximab for 
the treatment of Crohn’s disease and rheumatoid arthritis. Am 
J Gastroenterol 2004; 99: 2385-2392 [PMID: 15571587 DOI: 
10.1111/j.1572-0241.2004.30186.x]

21	 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 [PMID: 
15771759 DOI: 10.1111/j.1365-2036.2005.02405.x]

Androulakis I et al . Anti-TNF and pregnancy



13211 December 21, 2015|Volume 21|Issue 47|WJG|www.wjgnet.com

22	 Chaparro M, Gisbert JP. Letter: measurement of anti-TNF-α 
levels and antibodies against the drug. Aliment Pharmacol Ther 
2013; 37: 163-164 [PMID: 23205484 DOI: 10.1111/apt.12106]

23	 Humira product insert . (accessed November 30, 2010). 
Available from: URL: http://www.fda.gov/downloads/Drugs/
DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/
ApprovalApplications

24	 Vesga L, Terdiman JP, Mahadevan U. Adalimumab use in 
pregnancy. Gut 2005; 54: 890 [PMID: 15888806 DOI: 10.1136/
gut.2005.065417]

25	 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 [PMID: 
17009112]

26	 Jürgens M, Mahachie John JM, Cleynen I, Schnitzler F, Fidder H, 
van Moerkercke W, Ballet V, Noman M, Hoffman I, van Assche G, 

Rutgeerts PJ, van Steen K, Vermeire S. Levels of C-reactive protein 
are associated with response to infliximab therapy in patients with 
Crohn’s disease. Clin Gastroenterol Hepatol 2011; 9: 421-427.e1 
[PMID: 21334460 DOI: 10.1016/j.cgh.2011.02.008]

27	 Schnitzler F, Fidder H, Ferrante M, Ballet V, Noman M, Van 
Assche G, Spitz B, Hoffman I, Van Steen K, Vermeire S, Rutgeerts P. 
Outcome of pregnancy in women with inflammatory bowel disease 
treated with antitumor necrosis factor therapy. Inflamm Bowel Dis 
2011; 17: 1846-1854 [PMID: 21830263 DOI: 10.1002/ibd.21583]

28	 Zelinkova Z, van der Ent C, Bruin KF, van Baalen O, Vermeulen 
HG, Smalbraak HJ, Ouwendijk RJ, Hoek AC, van der Werf SD, 
Kuipers EJ, van der Woude CJ. Effects of discontinuing anti-
tumor necrosis factor therapy during pregnancy on the course 
of inflammatory bowel disease and neonatal exposure. Clin 
Gastroenterol Hepatol 2013; 11: 318-321 [PMID: 23103819 DOI: 
10.1016/j.cgh.2012.10.02]

P- Reviewer: Shehata MMM    S- Editor: Yu J    L- Editor: Filipodia    
E- Editor: Liu XM

Androulakis I et al . Anti-TNF and pregnancy



                                      © 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

4   7


	13205
	WJGv21i47-The Back cover

