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CLINICAL AND SYSTEMATIC REVIEWS

   INTRODUCTION     
 Many patients with infl ammatory bowel disease (IBD) are of 

childbearing age. Advances in medical therapy have allowed more 

patients to enjoy symptomatic remission and as a result consider 

the option of parenthood. Determining the risk to benefi t ratio for 

medical therapy during pregnancy and conception in patients with 

IBD is a complex equation, taking into account the desire of the 

parent to protect their child, the desire of the gastroenterologist to 

keep the parent healthy, and the desire of the obstetrician to avoid 

an adverse event during pregnancy. Into this mix one must add the 

scarcity of data on the safety of drugs during conception, pregnancy, 

and lactation, because pregnant women are not subjected to rand-

omized trials for ethical reasons. Th erefore, the treating physician 

must make their decision taking account of the views of the parent 

and the obstetrician, as well as the best available data. Th is paper 

presents the current evidence on effi  cacy and safety of biological 

therapy during pregnancy and when treating children. Th e process 

by which the evidence levels for this paper were derived are online 

( http://www.cebm.net/levels_of_evidence.asp # refs ).   

 GENERAL CONSIDERATIONS OF BIOLOGICAL THERAPY 
DURING PREGNANCY AND BREAST FEEDING 

   World Congress of Gastroenterology (WCOG)   Statement 3.1     
   Fertility, infl ammatory bowel disease, and biological therapy 

   Women with infl ammatory bowel disease have similar rates 
of fertility to the general population. Infertility is increased in 
those undergoing ileal pouch – anal anastomosis [EL 2a] 

 A systematic review reported an infertility rate of 12 %  before restor-

ative proctocolectomy and 26 %  aft er surgery, based on seven studies 

and 945 evaluable patients ( 1 ). Th is represents a signifi cant reduc-

tion in the ability to conceive aft er ileal pouch – anal anastomosis, 
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although the impact is less than originally described ( 2,3 ). Th e 

reduction in fertility is thought to be the consequence of pelvic 

dissection involved in creating the pouch, leading to adhesions and 

tubal obstruction. Th e implications of pelvic surgery for fecundity 

are best discussed with women of childbearing age; the option of a 

subtotal colectomy with an ileostomy and later creation of a pouch 

aft er childbearing might be considered. 

   WCOG Statement 3.2 
   Effect of infl ammatory bowel disease on the outcome 
of pregnancy 

   Women with infl ammatory bowel disease have an increased 
rate of adverse pregnancy outcomes compared to the general 
population. While disease activity may itself increase the risk of 
adverse events, even women with inactive infl ammatory bowel 
disease have higher rates of adverse events compared to the 
general population [EL 2b] 

 Early studies suggested that disease activity predicted an adverse 

outcome in pregnancy. Disease activity at conception has been 

associated with a higher rate of fetal loss and preterm birth ( 4,5 ) 

and disease activity during pregnancy associated with low birth 

weight and preterm birth ( 6,7 ). A more recent case – control study 

of hospitalized pregnant patients with IBD has also demonstrated 

an increase in preterm birth and low birth weight infants ( 8 ). 

 A community-based study from Northern California (Kaiser 

population), however, could not confi rm that disease activity pre-

dicted an adverse outcome ( 9 ), even when limited to moderate or 

severe disease activity. Similarly, a population-based study from 

Denmark did not fi nd an increased risk of adverse events asso-

ciated with disease activity, except for an increase in the crude 

risk of preterm birth in those with moderate – high disease activity 

(odds ratio 3.4. 95 %  confi dence interval 1.1 – 10.6) ( 10 ). Although 

population-based studies may not have enough patients to iden-

tify an adverse impact of severe disease, these two studies suggest 

that even without active disease, women with IBD have a higher 

risk of an adverse outcome of pregnancy. In any event, keeping the 

mother healthy and well nourished, off  corticosteroids and out of 

the hospital is the goal of every pregnancy in a person with IBD. 

Th is oft en requires the continued use of biological therapy during 

conception and pregnancy. 

 Consequently, using infl iximab (IFX or other biological therapy 

once an eff ect in ulcerative colitis   (UC    ) is established) to avoid sur-

gery for treatment-refractory UC is a valid therapeutic strategy, 

as it potentially preserves fertility in women of childbearing age. 

On the other hand, this necessitates continuing the medication 

throughout the years of conception and pregnancy.   

 THE USE OF SPECIFIC BIOLOGICAL THERAPIES 
DURING PREGNANCY AND BREAST FEEDING 
 In general, the greatest risk to mother and fetus during pregnancy 

is active IBD, and not the medication used to treat it. Th e Food 

and drug administration (FDA) has ascribed categories for drugs 

in pregnancy ( Table 1 ), which are under review.  

 IFX in pregnancy 

   WCOG Statement 3.3 
   Effect of infl iximab during pregnancy and breast feeding 

   Infl iximab in pregnancy is considered to be low risk and com-
patible with use during conception in men and women and 
during pregnancy in at least the fi rst two trimesters. It is also 
compatible with breastfeeding [EL 3b] 

 IFX, the FDA category B, is an IgG1 antibody, which is unlikely 

to cross the placenta in the fi rst trimester, but very effi  ciently 

crosses the placenta in the late second and third trimester ( 11,12 ). 

Although this may protect the infant from exposure during the 

crucial period of organogenesis in the fi rst trimester, crossing the 

placenta in the third trimester means that IFX can be present in 

the infant for several months from birth, raising concerns about 

infection and response to vaccines. 

 Th e two largest safety studies on IFX and pregnancy are from 

the TREAT Registry ( 13 ) and the Infl iximab Safety Database ( 14 ) 

both maintained by Centocor (Malvern, PA, USA). Out of     >    6,200 

patients enrolled by 2007, 168 pregnancies were reported, 117 of 

whom had previous IFX exposure. Fetal malformations occurred 

in two IFX-exposed pregnancies: ventricular septal defect and 

anencephaly. Th e rates of miscarriage (10 vs. 6.7 % ) and neona-

tal complications (6.9 vs. 10 % ) were not signifi cantly diff erent 

between IFX-treated and IFX-na ï ve patients, respectively. 

 Th e Infl iximab Safety Database is a retrospective data-collection 

instrument. Pregnancy outcome data are available for 96 women 

with direct exposure to IFX ( 14 ). Th e data apply primarily to expo-

sure during conception and the fi rst trimester. Th e 96 pregnancies 

resulted in 100 births and expected vs. observed outcomes among 

women exposed to IFX were no diff erent to those of the general pop-

ulation. A series of 10 women with intentional maintenance IFX use 

throughout pregnancy has also been reported ( 15 ). All 10 pregnan-

cies ended in live births, with no reported congenital malformations. 

Another series reported 22 patients with exposure to IFX within 3 

months of conception, continued until 20 weeks of gestation, at 

which time the drug was stopped to minimize placental transfer 

( 16 ). Several of the patients had a fl are of disease in the third trimes-

ter. Th ere were three spontaneous abortions, one missed abortion, 

one stillbirth at 36 weeks (umbilical strangulation), two preterm 

births, three low birth weight infants, and no congenital anomalies. 

 Table 1 .    Food and drug administration categories for drugs in 
pregnancy 

   A Controlled studies show no risk 

   B No evidence of risk in humans 

   C  Risk cannot be ruled out, animal studies revealed adverse effects on 
fetus 

   D  Positive evidence of risk in humans, risk / benefi t ratio should be 
considered 

   X Contraindicated 
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 Adalimumab (ADA), a pregnancy category B drug, is also an IgG1 

antibody and should have similar p  lacental transfer rates to IFX. 

Th ere are case reports documenting the successful use of ADA 

to treat Crohn ’ s disease (CD) during pregnancy, including one in 

which the patient received weekly dosing throughout pregnancy 

for a total of 38 doses ( 23,24 ). Th e Organization for Teratology 

Information Specialists reports 38 women enrolled in a prospective 

study of ADA in pregnancy and an additional 133 ADA-exposed 

pregnant women in a case-series ( 25 ). Th e rate of spontaneous 

abortion (5 out of 38, 13 % ) and stillbirth (0 out of 38) was simi-

lar to the disease-control and the general population taking into 

account reporting bias. Th e rates of congenital malformation (2 

out of 33, 6.1 % ) and preterm delivery are also within the expected 

range in the non-disease controls. 

 Placental transfer of ADA, although probably similar to IFX, 

has not been confi rmed, as levels cannot be checked commercially. 

Furthermore, because the drug is given every other week, it is 

more diffi  cult to stop the drug early in the third trimester with-

out risking a fl are. In our practice, we consider stopping the agent 

8 – 10 weeks before the estimated date of confi nement. Once again 

because ADA concentrations cannot be checked commercially, the 

benefi t or harm of this to the mother or fetus is unknown. Th ere 

are no available data on breastfeeding or safety in men attempting 

conception while on ADA.   

 Certolizumab pegol in pregnancy       

   WCOG Statement 3.5 
   Effect of certolizumab pegol on the outcome of pregnancy 
and breast feeding 

   Certolizumab pegol in pregnancy is considered to be low risk 
and compatible with use during conception and pregnancy in 
women. It is also compatible with breastfeeding [EL 4]. There 
are no safety data for use in men attempting conception 

 Certolizumab pegol (CZP), the FDA category B, is a PEGylated 

Fab ’  fragment of a humanized anti-TNF α  monoclonal antibody, 

so diff ers from IFX and ADA, which are IgG1 monoclonal anti-

bodies. Fab ’  fragments cross the placenta by passive diff usion, 

unlike the active transfer of IgG1 antibodies, so the rates of trans-

fer across the placenta in the third trimester are likely to be lower 

than IFX or ADA. Data from clinical trials report 16 patients who 

became pregnant while on CZP (data on fi le, UCB). A study of 

pregnant rats receiving a murinized IgG1 antibody of TNF α  and 

a PEGylated Fab ’  fragment of this antibody, demonstrated much 

lower drug concentrations in the infant rat and breast milk with 

the Fab ’  fragment, compared with the full antibody ( 26 ). Data 

from four human births in patients who used CZP during preg-

nancy with the last dose 1 – 4 weeks before delivery found low levels 

of drug in the cord blood and in infant on the day of birth ( 27 ). 

Mothers ’  levels on the day of birth ranged from 4.9 – 59.6    μ g / ml and 

infant levels varied from 0.4 – 1.0    μ g / ml. In one patient, breast milk 

samples at various times did not have detectable levels of drug. A 

potential concern, however, is that the Fab ’  fragment may cross the 

placenta passively (albeit at low levels) during organogenesis in 

 A review of the FDA database ( 17 ) reported 61 anomalies in 

41 children exposed to anti-tumor necrosis factor (TNF) agents 

 in utero . Of these children, 24 out of 41 (59 % ) had one or more 

congenital anomalies that are part of the vertebral abnormalities, 

anal atresia, cardiac defect, tracheoesophageal, renal, and limp 

abnormalities (VACTERL) association. Th ere were 34 specifi c 

types of congenital anomalies in total, and 19 (56 % ) of those were 

part of the VACTERL spectrum. Th is study has been criticized 

for the lack of denominator and the fact that there was only one 

complete VACTERL anomaly, whereas other defects were mostly 

cardiac in origin. Further study is clearly warranted and caution 

advisable. 

 Placental transfer of IFX is potentially important. A case report 

noted higher than maternal levels of IFX in an infant born to a 

mother receiving IFX throughout pregnancy, the last infusion being 

2 weeks before delivery ( 18 ). Th e mother breast-fed and continued 

to receive IFX, but the infant ’ s IFX concentration dropped over 6 

months, suggesting placental rather than breast milk transfer. Th e 

duration of circulating IFX was longer in the neonate than in the 

mother. Th e eff ect of the high-IFX levels on the infant ’ s developing 

immune system is not known, although at 7 months the infant had 

appropriate responses to vaccination. A case of fatal BCGitis has 

been reported in a child of a mother who was receiving IFX (below). 

In a case series of eight patients receiving IFX during pregnancy, 

all eight patients delivered healthy infants ( 19 ). In each case, the 

baby ’ s serum IFX was higher than the mother ’ s on the day of birth 

and it took anywhere from 2 – 7 months for the infant ’ s IFX level 

to be undetectable. IFX was detected in cord blood in each case. 

Th is supports effi  cient placental transfer of IFX. Th e reason that 

IFX concentrations are higher and circulate for longer in infants 

is that their reticuloendothelial system is too immature to clear the 

antibody eff ectively, leading to slower clearance. Discontinuing IFX 

early in the third trimester or at the end of the second trimester may 

help to reduce IFX transport across the placenta and lower levels of 

serum IFX in the newborn. IFX can then be resumed immediately 

aft er delivery. If the mother fl ares during this time, it is our practice 

to give her the appropriate dose of IFX at the normally scheduled 

interval unless birth is imminent, though some argue management 

with corticosteroids should be considered for this short period. 

 IFX does not appear to cross via breast milk according to case 

reports ( 18,20,21 ) and will, in any case, not be absorbed aft er oral 

ingestion. In men, IFX has not been associated with congenital 

anomalies in a series of 10 patients ( 14 ). Semen quality appears 

unchanged, though a slight decrease in sperm motility and normal 

oval forms has been reported ( 22 ).   

 Adalimumab in pregnancy 

   WCOG Statement 3.4 
   Effect of adalimumab on pregnancy and breast feeding 

   Adalimumab in pregnancy is also considered low risk and 
compatible with use during conception and pregnancy in at 
least the fi rst two trimesters [EL 4]. There are no safety data 
for breastfeeding or use in men attempting conception 
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the fi rst trimester, though this may be true of all biological agents. 

Further human data are needed to determine the safety profi le of 

this agent in pregnancy. Th ere are no data on CZP and use in men 

during conception.   

 Natalizumab in pregnancy       

   WCOG Statement 3.6 
   Effect of natalizumab on the outcome of pregnancy and 
breast feeding 

   The safety of natalizumab during pregnancy is unknown. 
Although human data show no increased risk of birth 
defects, the agent is too new for adequate supportive data and 
there are no drugs of similar mechanism with which 
to compare it [EL 4] 

 Natalizumab (NAT) has the FDA pregnancy category C and is 

an IgG4 antibody. Like IgG1, IgG4 undergoes active transport 

across the placenta in the second and third trimester ( 11 ). Th ere 

have been 164 pregnancies reported in patients with CD or multi-

ple sclerosis who had received NAT during the fi rst trimester (35 

out of 164 had CD). Th ere was no increase in the number of birth 

defects compared with that expected ( 28 ). Quite why NAT should 

receive the FDA category C, rather than the B for anti-TNF therapy 

is unclear, but appears to be due to the lack of a comparator with a 

similar mechanism and may have something to do with the excep-

tional occurrence of progressive multifocal leucoencephalopathy 

in adults. Th e individual needs of the patient should be judged 

against risk before using NAT during pregnancy. 

 Th ere are data from eight men exposed to NAT at the time of 

conception, with no evidence of birth defects ( 28 ). Th ere are no 

data on breastfeeding.    

 BIOLOGICAL THERAPY IN CHILDREN WITH CD  
 IFX in children 

   WCOG Statement 3.7 
   Effect of infl iximab for children with Crohn’s disease 

   Infl iximab is effective at both inducing response and remis-
sion [EL 2b] and for maintaining response and remission in 
pediatric Crohn’s disease [EL 2b] 

 Th ere are no placebo-controlled, double-blind prospective stud-

ies of anti-TNF therapy, including IFX, in the treatment of CD in 

children. Th e largest study to date was the REACH trial (A Rand-

omized, Multicenter, Open-Label Study to Evaluate the Safety and 

Effi  cacy of Anti-TNF alpha Chimeric Monoclonal Antibody in 

Pediatric Subjects with Moderate to Severe Crohn ’ s Disease), which 

was a prospective, open-label investigation of three dose induction 

with IFX (5   mg / kg) in moderate to severely active pediatric CD, 

followed by doses at either 8- or 12-week intervals for maintenance 

( 29 ). Th ere have also been case series describing children receiving 

IFX in clinical practice ( 30 – 48 ). 

 Th e REACH study enrolled 112 patients (mean age 13.3 years, 

disease duration 2 years, 59 %  male) treated with 5   mg / kg at 0, 2, 

and 6 weeks ( 29 ). Th ere was an 88 %  response and 59 %  were in 

remission at 10 weeks. At week 54, 33 out of 52 (64 % ) and 29 out of 

52 (56 % ) patients receiving IFX every 8 weeks maintained a clini-

cal response or remission, respectively, and had not required dose 

adjustment, compared with 17 out of 51 (33 % ) and 12 out of 51 

(24 % ) receiving treatment every 12 weeks ( P     =    0.002 and  P     <    0.001, 

respectively). Th is demonstrates the superiority of 8-week over 12-

week dosing for maintaining remission over 1 year. In a smaller 

open-label study, 83 %  of children receiving scheduled mainte-

nance IFX infusions every 8 weeks were in remission at 1 year 

using the Harvey Bradshaw Index (HBI) as a marker of disease 

activity ( 49 ). 

 Two studies have examined follow-up for     >    1 year from initia-

tion of IFX. One multicenter study involving 66 patients in the 

Netherlands (mean age at initiation of therapy 13.5 years) had a 

mean follow-up of 41 months ( 36 ). Th e authors estimated that 

15 %  of patients had a prolonged response, 56 %  were IFX-depend-

ent (requiring repeated infusions to maintain effi  cacy) and 29 %  

lost response. A second multicenter study ( 50 ) examined 202 chil-

dren (mean age 11.7 years) treated with 2,361 infusions (mean 

12 per patient) with follow-up periods up to 3 years. In all, 128 

of the study cohort had maintenance therapy with follow-up  ≥ 1 

year. Kaplan – Meier analysis showed the likelihood of continuing 

IFX was 93, 78, and 67 %  at 1, 2, and 3 years, respectively. In all, 

49 %  required an increased dose or decreased interval. Clinical 

remission without the use of corticosteroids for the periods from 

0 – 1, 1 – 2, and 2 – 3 years aft er starting IFX was 26, 44, and 33 % , 

respectively. 

   WCOG Statement 3.8 
   Other effects of infl iximab for children with Crohn’s disease 

   Episodic therapy is not as effective as scheduled infusions for 
maintaining remission in pediatric Crohn’s disease [EL 2b]. 
Infl iximab is a corticosteroid sparing agent [EL 2b] and effec-
tive for achieving mucosal healing in pediatric Crohn’s disease 
[EL 4]. Disease duration in children does not appear to affect 
the effi cacy of infl iximab [EL 4] 

 In a prospective, open-label study of the effi  cacy and safety of IFX as 

maintenance therapy for active pediatric CD comparing scheduled 

and  “ on demand ”  treatment strategies, 49 children were recruited 

( 49 ). Th eir mean age was 13.9 ± 2.2 years and they had a fl are (HBI 

 ≥ 5, and erythrocyte sedimentation rate (ESR)         >    20   mm / h) despite 

immunom  odulators combined with steroids. Standard induction 

with IFX (5   mg / kg at 0, 2, and 6 weeks) was assessed at week 10 

and responders were randomized to maintenance therapy over 

1 year: group A, scheduled IFX every 2 months; group B, IFX on 

relapse. In all, 34 out of 40 children achieved remission during IFX 

induction therapy (HBI 6.7 ± 2.5 at baseline vs. 1.1 ± 1.5 at week 10, 

 P     <    0.001). Aft er 1 year, 15 out of 18 (83 % ) on scheduled IFX were 

in remission (mean HBI 0.5), compared with 8 out of 13 (61 % ) 

children receiving IFX on demand ( P     <    0.01, mean HBI 3.2). Th e 

clinical relapse rate was 3 out of 13 (23 % ) in those on scheduled 
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 A large multicenter experience with ADA involved 100 pediat-

ric subjects from 12 sites. Almost all had previously been treated 

with IFX. A quarter had induction ADA with 160   mg at week 0 

and 80   mg at week 2, half had 80   mg / 40   mg and the remainder had 

other dosing schedules. Maintenance therapy was 40   mg every 

other week in 80 %  of subjects. Clinical response at 3, 6, and 12 

months was 65, 71, and 70 % , respectively, with steroid-free remis-

sion at 3, 6, and 12 months of 22, 33, and 42 % , respectively ( 56 ).   

 CZP in children 
 Th ere are no published studies of CZP in children; a trial of CZP 

in pediatric CD is currently underway.   

 NAT in children       

   WCOG Statement 3.10 
   Effect of natalizumab for children with Crohn’s disease 

   Natalizumab is effective for inducing response and remission 
in children with Crohn’s disease [EL 4] 

 Th ere is a single study of NAT for CD in children ( 57 ). An open-

label-dosing schedule of 3   mg / kg at weeks 0, 4, and 8 was admin-

istered to 31 adolescents with refractory CD. In all, 55 %  had a 

clinical response and 29 %  were in remission at 10 weeks. Mean 

 α 4-integrin saturation was 93 %  at 2   h and     <    40 %  at 4 weeks aft er 

the fi rst and third infusions, suggesting that a higher dose might 

have been associated with improved effi  cacy.    

 BIOLOGICAL THERAPY IN CHILDREN WITH 
ULCERATIVE COLITIS  
 IFX for children with ulcerative colitis       

   WCOG Statement 3.11 
   Effect of biological therapy for children with ulcerative 
colitis 

   Infl iximab is effective for induction and maintenance of remis-
sion in pediatric patients with moderate to severe ulcera-
tive colitis unresponsive to conventional therapies [EL 3b]. 
Adalimumab is effective for patients who lose response or are 
intolerant of infl iximab [EL 4]. There are no data on the use of 
certolizumab pegol for pediatric ulcerative colitis 

 Several series on children treated with IFX for severe UC unre-

sponsive to conventional therapy are now available. A short-

term clinical improvement in six out of nine pediatric patients 

at 2 weeks has been reported ( 58 ). Th e same group subsequently 

described a 2-year follow-up of these nine patients, plus an addi-

tional eight patients ( 59 ). Children received a variable number of 

infusions at varying intervals, but 63 %  still had a response at 2-

year follow-up. A further retrospective series of 14 children with 

UC has reported a good response to IFX with newly diagnosed, 

steroid refractory acute severe colitis, or acute fl are of long-

standing colitis, but a poor response in steroid dependent colitis 

therapy and 11 out of 12 (92 % ) in those receiving episodic therapy. 

Although the  “ delta ”  on the defi nition of remission was only 22 % , 

the lack of symptoms (HBI 0.5) and low clinical relapse rate (23 % ) 

clearly confi rms the superiority of scheduled therapy. 

 Th e REACH study ( 29 ) also demonstrated that corticosteroids 

could usually be tapered or discontinued in children with moder-

ate to severe CD. Smaller studies have also shown the eff ectiveness 

of IFX for corticosteroid sparing ( 33,41,43 – 45 ). Th ere are no con-

trolled trials examining mucosal healing following IFX therapy in 

children with CD. A study of 18 children treated with three dose 

of induction with IFX demonstrated signifi cantly improved endo-

scopic and histopathological activity at 8 weeks aft er initiation of 

therapy ( 32 ). 

 Data about whether a shorter duration of disease enhances 

the response to IFX in children are confl icting. Two studies 

( 40,42 ) have suggested that early treatment (    <    2 years and     <    1 

year, respectively, since diagnosis) was superior to treatment at 

a later date, but both studies included very small numbers of 

patients. In larger series of patients, there was no diff erence in 

outcome between patients treated at     <    1 year vs.     >    1 year ( 36 ) 

and     <    2 years vs.     >    2 years since diagnosis ( 51 ). Th is is in contrast 

to adults (see accompanying paper on When to Start biological 

therapy ( 52 )).   

 ADA in children       

   WCOG Statement 3.9 
   Effect of adalimumab for children with Crohn’s disease 

   Adalimumab is effective at inducing and maintaining remis-
sion in children with Crohn’s disease [EL 3b] 

 Th ere are limited data on the safety and effi  cacy of ADA for 

children with CD. A retrospective, single-center experience 

reported 15 subjects (median age 17.8 years, range 10 – 22 years, 

only 5 subjects     <    16 years of age) who had had either lost eff ect 

with IFX, or developed intolerance ( 53 ). Most patients were 

treated with ADA 80   mg initially and then 40   mg every other 

week. Of 14 patients with adequate follow-up, 7 were felt to have 

a complete response (cessation of corticosteroids or steroid-free 

interval     >    3 months) and 2 had a partial response (corticoster-

oid tapering). No serious side eff ects were reported. Another 

retrospective case series reviewed seven cases of CD previously 

treated with IFX, of whom fi ve responded to ADA ( 54 ). Dosing 

schedules were variable and included both 40 and 80   mg initially, 

followed by 40   mg biweekly. Th e mean Pediatric Crohn ’ s Disease 

Activity Index scores in patients before and aft er ADA were 12 

and 4.2, respectively (remission  ≤ 10). A prospective evaluation 

of 23 pediatric Crohn  ’ s disease patients (9 naive and 14 intoler-

ant or unresponsive to IFX) received ADA induction at weeks 0 

and 2, and then every other week during a 48-week maintenance 

phase. At weeks 2, 4, 12, 24, and 48, remission rates were 36, 61, 

31, 50, and 65 % , respectively, whereas response rates were 87, 

88, 70, 86, and 91 % , respectively. No serious adverse events were 

reported ( 55 ). 
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( 60 ). A follow-up report from the same authors ( 61 ), confi rmed 

a better response in acutely ill patients, who could oft en discon-

tinue immunomodulators and maintain remission aft er 1 year. 

I  n another 12 cases ( 62 ), IFX showed a good short-term response, 

but long-term response was low and one-third of the patients 

came to colectomy    . A further retrospective study reported on 

40 steroid-dependent or steroid-resistant children with ulcera-

tive colitis. Th e response to IFX was 70 % , with a signifi cant delay 

or avoidance of surgery in the following 12 months ( 63 ). Th is is 

similar to results from an Italian study, showing remission in 55 %  

of 22 children, followed (in responders) by a durable remission 

to week 54 ( 64 ). Th e largest cohort study recruited 332 pediat-

ric patients with UC; 52 out of 332 received IFX and steroid-free 

inactive disease was observed in 38 and 21 %  of patients at 12 

and 24 months, respectively. By 24 months, 61 %  of patients had 

avoided colectomy ( 65 ). 

 Consequently, IFX appears to be eff ective for children with 

moderate or severely active UC that is steroid-dependent or unre-

sponsive to conventional treatment. An appreciable proportion of 

patients do not respond and up to one-third come to colectomy, so 

it is important to manage expectations (of parents and doctors, as 

much as the child). To this extent it is little diff erent to adults (see 

the accompanying paper on Safety ( 66 )). Large multicenter con-

trolled trials are needed to defi ne the usefulness of IFX in diff erent 

subgroups, maintenance strategies and long-term safety profi le in 

the pediatric population.   

 Other biological therapy for children with ulcerative colitis 
 A case series reported the use of ADA in three pediatric patients 

with UC who had lost response or were intolerant of IFX ( 67 ). 

Two of three patients responded, with the non-responder requir-

ing colectomy. Th ere are no published data on the use of CZP for 

pediatric ulcerative colitis.    

 BIOLOGICAL THERAPY FOR EXTRAINTESTINAL 
MANIFESTATIONS OF IBD IN CHILDREN       

   WCOG Statement 3.12 
   Effect of anti-TNF therapy for extraintestinal manifestations 
in children 

   Infl iximab promotes growth improvement in prepubertal and 
early-pubertal Crohn’s patients [EL 2b]. It is also effective for 
the treatment of cutaneous extraintestinal manifestations and 
uveitis. [EL 3b] 

Adalimumab is effective for the treatment of uveitis in pediatric 
Crohn’s disease [EL 3b] 

 Growth failure and pubertal delay are specifi c to the management 

of children and adolescents with CD and may challenge their qual-

ity of life. Th e fi nal adult height is known to be a determinant of an 

individual ’ s success in life, whereas short stature in adolescence has 

an impact on psychological and emotional well-being and devel-

opment ( 68,69 ). Th is aff ects the goals for managing pediatric CD, 

which are symptomatic, steroid-free remission, with mucosal heal-

ing and enhancement of growth and pubertal development. 

 Th e etiology of growth failure is multifactorial and still poorly 

understood. Disease-related factors, such as malnutrition, the 

infl ammatory process (with proinfl ammatory cytokines being 

directly implicated), and steroid therapy appear to be the main deter-

minants ( 70 ). Achieving a sustained, steroid-free remission therefore 

becomes a priority in childhood, until growth is completed ( 71 ). 

 Cytokines, including TNF  α , have a pivotal role in growth retar-

dation, so more attention has focused on biological therapies. IFX 

has been reported to be eff ective in small cohorts for improvement 

of height  Z -scores over time in children with severe CD, unrespon-

sive to conventional drugs ( 32,33,72 ). 

 More recently, the REACH study has shown that IFX mainte-

nance therapy improves growth and pubertal development, which 

emphasizes the importance of maintaining remission ( 29 ). Th e best 

results were obtained in children treated either before the onset of 

puberty or in its early stages (Tanner I – III). Th is has been con-

fi rmed in a further randomized open-label trial of IFX, comparing 

scheduled to on demand maintenance therapy. Better growth and 

development occurred in the scheduled infusion group ( 49 ). Nev-

ertheless, discouraging data have been reported from a prospective 

multicenter study on newly diagnosed children with CD ( 73 ). If 

growth abnormalities were present at diagnosis, then these per-

sisted during the fi rst 2 years of treatment, despite treatment para-

digms that included IFX, which appeared only to improve growth, 

but not at a statistically signifi cant rate. 

 As for other extraintestinal manifestations, IFX appears to work 

well in those that have a link to active CD. Case reports have 

noted that IFX is eff ective for pediatric patients with pyoderma 

gangrenosum, orofacial involvement, erythema nodosum, or idi-

opathic lymphedema ( 74,75 ). IFX ( 76 – 78 ) and ADA ( 79,80 ) have 

both proved eff ective for pediatric patients with uveitis in small 

prospective studies.   

 COMPLICATIONS OF BIOLOGICAL THERAPY IN 
CHILDREN       

   WCOG Statement 3.13 
   Risks of biological therapy in children 

   Biological agents are effective, yet carry a small, but signifi cant-
ly increased risk of infection. They should therefore be used 
with caution in children [EL 4]. Hepatosplenic T-cell lymphoma 
has been reported in patients on infl iximab or adalimumab 
used in combination with azathioprine or mercaptopurine [EL 4] 

 Infection 
 Screening for and treatment of latent tuberculosis before initiating 

anti-TNF therapy reduces the risk of developing active infection 

( 81,82 ). Immunomodulators, especially when used in combina-

tion, are associated with an increased risk of opportunistic infec-

tions, such as herpes zoster, histoplasmosis, or listeria ( 83 ) (see 

the accompanying paper on  “ Safety ” ( 66 )). Children treated with 
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 ADA is a safe and eff ective substitute for children who become 

intolerant of IFX ( 53,56 ). Th e rate of infusion reactions in children 

receiving IFX is similar to that in adults ( 41,45 ). IFX is well toler-

ated in children with CD. Anaphylactic reactions are rare. In a total 

of 88 patients receiving 450 infusions, 13 developed mild infu-

sion reactions, 5 during the initial infusion. All infusion reactions 

were limited, but required reduction in the fl ow rate and the use of 

prednisolone plus chlorpheniramine and acetaminophen (para-

cetamol) ( 41 ). Female gender, immunomodulators for     <    4 months 

and previous infusion reactions may be risk factors for subsequent 

infusion reactions in children. Pretreatment with hydrocortisone 

at the time of the IFX infusion reduces antibody formation ( 95 ), 

although the association between antibody formation, infusion 

reaction, and response is remarkably opaque ( 52 ). 

 In a pediatric cohort of patients with CD ( n     =    28) treated with 

IFX, sensitization occurred in 36 %  patients, which was in turn asso-

ciated with a loss of response to maintenance infusions ( 96 ). Severe 

infusion reactions occurred in (only) two patients with high titers 

of antibody to IFX. Serum concentrations of IFX were reduced by 

the presence of anti-IFX antibodies. Although the authors suggest 

that measuring circulating antibodies to IFX represents an indi-

rect, but reliable method of monitoring therapy, measurement of 

drug concentrations would be a more direct approach. Th e com-

plex nature of response involves more than drug (let alone anti-

body) concentration alone ( 97 ).    

 VACCINATION OF INFANTS AND CHILDREN EXPOSED 
TO BIOLOGICAL THERAPY       

   WCOG Statement 3.15 
   Vaccinations in infants exposed to biological therapy  in utero  

   Vaccination of infants exposed to biological therapy  in utero  
should be given at standard schedules, except for live-virus 
vaccines, which are best not given if circulating biological 
agents are detectable in the infant [EL 5] 

 Live virus vaccines are contraindicated for patients receiving bio-

logical therapy. Live virus vaccines that may be given in the fi rst 

6 months of life include rotavirus, intranasal infl uenza vaccine, 

and Bacillus Calmette – Gu é rin (BCG). Vaccination with live virus 

agents should be deferred in infants exposed  in utero  to IFX or 

ADA, unless serum levels are undetectable. CZP concentrations 

should be undetectable by the time of rotavirus vaccination. A 

case report notes death from disseminated BCG in an infant vacci-

nated at 3 months of age. Th e infant ’ s mother received IFX for CD 

throughout pregnancy ( 98 ). 

   WCOG Statement 3.16 
   Vaccinations in children receiving biological therapy 

   Inactivated vaccines may be safely administered to children 
with infl ammatory bowel disease, even when immunocom-
promised [EL 3b]. The use of live-virus vaccines in pediatric 
patients receiving biological therapy is contraindicated [EL 5] 

combinations of immunomodulators should receive careful mon-

itoring for infectious complications. No evidence-based advice 

can be given about the monitoring frequency, but planned checks 

on the complete blood count and     ready access to telephone advice 

or the   clinic are generally considered essential. 

 Parasitic infection can be serious and become systemic in patients 

on immunomodulators. Th e need to screen varies with the geo-

graphical location, prevalence of infection, diagnostic sensitivity, and 

likely benefi t ( 84 ). It has to be accepted that although the safety pro-

fi le of anti-TNF therapy in clinical trials is good, the risk of oppor-

tunistic infection is increased, especially in patients on anti-TNF 

therapy combined with immunomodulators or corticosteroids.   

 Hepatosplenic T-cell lymphoma 
 Th erapeutic strategies to control infl ammation in IBD best involve 

combinations of treatment, but more aggressive the treatment 

strategy, the greater the safety concern. Azathioprine and mercap-

topurine are associated with an increased risk of non-Hodgkin ’ s 

lymphoma ( 85 ). B-cell lymphoma has also been associated with 

anti-TNF therapy ( 86 ). An aggressive, frequently fatal form of lym-

phoma, hepatosplenic T-cell lymphoma ( 87,88 ), has been reported 

in adolescents and young adults, but now also in older patients, 

treated with anti-TNF therapy. To date, about 20 cases have been 

reported, all on anti-TNF with thiopurine therapy (see accom-

panying paper ( 66 )). Most have been associated with IFX, but at 

least two cases have been associated with IFX followed by ADA. 

Before the advent of biological therapy, hepatosplenic T-cell lym-

phoma had been reported in patients with IBD receiving thiopu-

rines alone ( 89 ). As the number of subjects treated with biological 

therapy relative to the number of hepatosplenic T-cell lymphoma 

is not known, the presence of any association is speculative. Given 

the lack of objective data, it is not possible to give defi nitive advice: 

the risks and benefi ts of dual therapy compared with monotherapy 

have to be evaluated separately, for each patient ( 90 ).   

 Infusion reactions       

   WCOG Statement 3.14 
   Infusion reactions in children 

   Induction with three doses of infl iximab, administered at 0, 
2, and 6 weeks, followed by scheduled doses every 8 weeks 
increases effi cacy and safety. Premedication is not routinely 
needed. Adalimumab is effective for children with active 
Crohn’s disease and for maintaining remission, even if they 
have lost response to infl iximab [EL 3b] 

 Antibody formation against IFX is more pronounced in those 

patients receiving episodic therapy and diminishes the effect 

of IFX ( 33,41,45,91 – 94 ). Premedication with hydrocortisone 

does not prevent the development of infusion reactions in chil-

dren, but once an infusion reaction has occurred, premedica-

tion may be indicated to prevent subsequent infusion reactions 

( 91 – 93,95 ) Concomitant immunomodulators may reduce the 

risk of IFX antibody formation and infusion reactions ( 45,94 ), 

but the association is complex (see accompanying paper ( 52 )). 
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Pregnancy and Pediatrics

 Inactivated infl uenza vaccine is best given yearly to immunosup-

pressed children of 6 months of age and older, before each infl u-

enza season ( 99,100 ). Inactivated polio vaccine is indicated, as well 

as diphtheria – tetanus – pertussis,  Haemophilus infl uenzae  b con-

jugate vaccine, hepatitis A and B, and meningococcal vaccination 

( 101,102 ). 

 Th e ability to develop an adequate immunological response 

appears to depend on the presence of immunosuppression   during  

or  within  2 weeks of immunization in children with secondary 

immunodefi ciency (e.g., secondary to medication). Th e immune 

response to inactivated vaccines (hepatitis A and B, meningo-

coccal, and infl uenza) ( 99 – 103 ) may be attenuated in these cir-

cumstances. On the other hand, an adequate immune response 

occurs between 3 months and 1 year aft er discontinuation of 

immunosuppressive therapy ( 104 ). In pediatric patients with IBD 

who are not on immunomodulators, a serological conversion rate 

to infl uenza vaccine of 33 – 85 %  has been reported. Patients on 

concomitant IFX and immunomodulatory therapy are at higher 

risk of an inadequate response to vaccination. Serological test-

ing to confi rm a response is best considered if there is concern. 

Th e infl uenza vaccine was safe and did not aff ect disease activity 

( 58,99 ). 

 Reactivation of hepatitis B aft er IFX administration, however, 

has been reported, which is why vaccination is recommended in 

case the child needs treatment with biological therapy ( 103 ). Th e 

reason for recommending vaccination against human papilloma 

virus to young females (national recommendations for age limits 

vary) is because there appears to be an increased risk of cervical 

dysplasia on immunosuppression ( 104 ).   

 CONCLUSIONS 
 Biological agents are a very eff ective and low risk therapy for preg-

nant women and children with IBD. However, special accommoda-

tion must be considered for the timing of dosing in pregnant women 

and vaccinations in their off spring. Among children with IBD, the 

benefi ts with respect to disease remission, steroid sparing, growth, 

and development seem to outweigh the small, but signifi cant risk of 

complications. In both populations, more data are needed, particu-

larly with respect to the newer biological formulations.     
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 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  
  3 Biological therapy for Crohn ’ s disease has proven effective 

in randomized controlled trials, but pregnant and breast-
feeding women have been excluded from these trials. 

  3 Fewer and smaller studies of biologics in children (vs. 
adults) have been published. 

  3 Although biological effi cacy is proven in women and 
children, questions remain about the use of biologics in 
pregnancy and in children. 

  WHAT IS NEW HERE  
  3 These World Congress of Gastroenterology consensus state-

ments summarize the available data on biological effi cacy 
and safety in pregnancy and breastfeeding, and in children. 

  3 Inactivated vaccines on standard schedules are recom-
mended for children exposed to biological therapy  in utero , 
but live-virus vaccines should be delayed until after biologi-
cal molecules are no longer likely to be circulating in the 
child ’ s blood, which can require several months.      
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