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ABSTRACT IN CZECH

Léková závislost (dependence) jako specifický fenotyp idiopatických střevních zánětů (IBD), 

Crohnovy nemoci (CN) a ulcerózní kolitidy (UC), předurčuje prognózu onemocnění. Může být 

proto využit jako důležitý prognostický ukazatel při volbě optimálního terapeutického postupu. 

Dependence je dobře popsaná u IBD pacientů léčených kortikosteroidy a recentně byla také 

potvrzena u nemocných léčených infliximabem (IFX dependence). Cílem této práce bylo: 1) 

zhodnotit výskyt IFX dependence u dětských a dospělých pacientů s CN; dále identifikovat 

klinické a genetické prediktory odpovědi na IFX a zhodnotit vliv IFX dependence na frekvenci 

operací; 2) zhodnotit u pacientů s CN výsledky 5-ASA monoterapie s ohledem na výskyt 5-ASA 

dependence a identifikovat klinické prediktory odpovědi na 5-ASA. 

Zjistili jsme, že 66% dětských a 29% dospělých pacientů s CN se stalo IFX dependentními. 

Vysoká frekvence u dětí je v souladu s dříve publikovanými prácemi, zatímco naše výsledky 

naznačují nižší výskyt IFX dependence u dospělé populace. Perianální onemocnění a 

nepřítomnost střevní operace před zahájením IFX byly identifikovány jako prediktory pro vznik 

IFX dependence u dětí. U dospělých pacientů, 2 genetické varianty LTA c.207 A>G a CASP9

c.93 C>T byli asociovány s IFX odpovědí. Dětští i dospělí pacienti se setrvalou odpovědí na IFX 

a také ti se vzniklou IFX dependencí měli po zahájení terapie signifikantně nižší počet operací

než non-respondenti na podávání IFX. 

Třicet-jedna procent zkoumaných pacientů s CN bylo léčeno 5-ASA jako monoterapii. 

Z celkového počtu léčených 5-ASA vykazovalo 59% dlouhodobý efekt této terapie, přičemž 

36% z nich dosáhlo setrvalou odpověď a u 23% pacientů došlo ke vzniku 5-ASA dependence. 

Ženy měly lepší dlouhodobou odpověď než muži, zatímco delší trvání nemoci bylo spojeno se 

vznikem 5-ASA dependence. Tento výsledek spolu s nálezem nejnižší frekvence střevních 

operací u 5-ASA dependentních pacientů zřejmě souvisí s velmi mírným typem onemocnění u 

této skupiny nemocných. 
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ABSTRACT IN ENGLISH

Drug dependency in inflammatory bowel disease (IBD), Crohn´s disease (CD) and ulcerative 

colitis (UC), is a specific disease phenotype which determines disease prognosis and hence may

be used as a prognostic marker for treatment management. Drug dependency in IBD has been 

well described in corticosteroid treatment and recently also in infliximab (IFX) therapy. The 

aims of this thesis were: 1) to assess the occurrence of IFX dependency in paediatric and adult 

patients with CD; further to search for clinical and genetic predictors of IFX outcome and to 

evaluate the impact of IFX dependency on surgical rate; 2) to assess in CD patients the outcome 

of the first course of 5-ASA monotherapy with emphasis on 5-ASA dependency and to define

clinical predictors of 5-ASA treatment outcome.

We found that 66% of children and 29% of adults with CD became IFX dependent. The high 

frequency in paediatrics is in agreement with previously published studies, while the finding in 

adult patients indicates a lower rate of IFX dependency in the only study to date. Perianal disease 

and no bowel surgery prior to IFX start were predicative of IFX dependency in paediatric 

patients. In adult cohort, 2 genetic variants LTA c.207 A>G and CASP9 c.93 C>T were 

associated with IFX outcome, whereas no relevant clinical predictor was identified. We observed 

a significant decrease in surgical rates after IFX start both in prolonged responders and IFX 

dependent patients, in paediatrics and adults. 

Thirty-one percent of studied CD patients had monotherapy with 5-ASA. Of the patients treated 

with 5-ASA 59% were shown to have a long-term benefit from 5-ASA as prolonged responders 

(36%) or 5-ASA dependent (23%). Female gender was found to be associated with a better long-

term outcome, while longer disease duration was predicative of 5-ASA dependency. This 

together with an observation of the lowest surgical rate in 5-ASA dependent patients may 

suggest these individuals to have a very mild disease phenotype. 
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1 INTRODUCTION

Inflammatory bowel diseases (IBD) including Crohn´s disease (CD) and ulcerative colitis (UC) 

are chronic inflammatory disorders of gastrointestinal tract (1). The course of disease is quite

variable regarding localization, behaviour, frequency of relapses and severity (1). Patients, 

however, differ also in response to medications. Beside the response/no response pattern - „drug 

dependency“ has been described in IBD (2-5). Dependent patients relapse promptly after drug 

cessation or dose decrease. However, a quick restoration of remission is achieved when the 

therapy is re-introduced or dose increased. Drug dependency in IBD was 1st described in 

corticosteroid treatment in 1994 in a population based study from Denmark (2). Up to 36% of 

newly diagnosed CD patients were reported to become steroid dependent after the 1st treatment 

course. Since then, steroid dependency has been studied in several population-based and referral 

centre studies (3;5-10). Results of unselected cohorts demonstrated that 28-36% of CD and 22% 

of UC adult patients became steroid dependent (2;5). Among paediatrics, 24-39% of CD and 14-

50% of UC children were found to develop corticosteroid dependency (3;7;9;11).

1.1 Infliximab dependency

The efficacy of infliximab (IFX) has been proven both in CD and UC (12;13). Soon, after its 

introduction to clinical practice, it was recognized that similarly to steroids, some patients were 

able to stop IFX and maintain remission, whereas others relapsed shortly after drug withdrawal 

and required further IFX to sustain the remission. This response pattern was first described in 

2006 in a retrospective paediatric study from Denmark and defined as IFX dependency (4). Of 

the 24 patients included 42% developed IFX dependency. Later, a national Dutch cohort of CD 

children has been assessed (14). Of 66 treated children, 56% were classified as IFX dependent.
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1.2 5-ASA dependency

5-Aminosalicylic (5-ASA) preparations are efficacious in mild to moderate UC (15;16). Contrary 

to this, their role in CD is conflicting. Based mainly on negative results of meta-analysis on 

efficacy of 5-ASA in active CD and in maintenance therapy (17-19) the use of 5-ASA in CD was 

not more recommended (20). Nevertheless, studies included were differently designed; the study 

populations heterogeneous and different drug formulations and dosages were used. Moreover, 

there is evidence that a significant proportion of CD patients has a mild disease course (21;22).

Furthermore, the newer 5-ASA preparations have a very good safety profile (23;24). Thus 

several factors indicate that there is a subgroup of CD patients who may benefit from 5-ASA 

therapy. Such individuals can be observed in clinical practice having similar dependent response 

pattern as seen in corticosteroids or IFX.  
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2 HYPOTHESES AND AIMS

The hypotheses of our study were:

A) IFX dependency

1. IFX dependency occurres in approximately 50% of treated patients with an equal 

frequency in adult and paediatric patients

2. Clinical or genetic predictors of IFX dependency might better identify these patients who 

are in need of long-term IFX treatment

3. Contrary to corticosteroids, IFX dependency is associated with a favorable long-term 

prognosis having a low risk of surgery

B) 5-ASA dependency

1. 5-ASA is efficacious therapy in a certain population of CD patients

2. Similar dependent pattern as in steroids or IFX is observed also in 5-ASA therapy

3. Predictors of long-term outcome of 5-ASA treatment may help to better select the 

individuals profiting from these preparations

The aims of our study were to:

A) IFX dependency

1. Assess the frequency of IFX dependency in paediatric and adult patients with CD

2. Search for clinical and genetic predictors of IFX outcome 

3. Evaluate the impact of IFX dependency on the surgical rate 

B) 5-ASA dependency

1. Assess the outcome of the first course of 5-ASA monotherapy in patients with CD with 

an emphasis on 5-ASA dependency 

2. Define clinical predictors of response to 5-ASA and mainly of 5-ASA dependency
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3 MATERIAL AND METHODS

3.1 IFX dependency

3.1.1 Study population

Paediatric cohort included consecutive CD children from Danish Crohn Colitis Database 

(DCCD) treated with IFX from August 2000 until November 2006 and children from the Czech 

Republic treated with IFX from October 2002 to June 2006. 

Adult cohort comprised consecutive CD patients from the DCCD treated with IFX from June 

1999 to July 2006 and CD patients from the Czech Republic treated with IFX form January 1999 

to December 2005. 

Healthy individuals, 182 from Denmark and 283 from the Czech Republic, served as controls in 

the genotype-phenotype association study.

IFX was indicated for luminal disease (refractory or intolerant to conventional treatment, 

corticosteroid dependency) and perianal disease. Data on demographics and disease 

characteristics at IFX start, details on IFX therapy, concomitant medication and surgical 

treatment were retrieved from medical records. 

3.1.2 Assessment of IFX outcome

IFX outcome was retrospectively assessed according to a modified phenotype model of IFX 

dependency developed and described previously (4).

Immediate outcome: 30 days after the first infusion

1. Complete response: Luminal disease: absence or almost absence of all clinical symptoms 

/ Perianal disease: Closure of all fistulas 

2. Partial response: Luminal disease: Improvement of clinical symptoms / Perianal disease: 

Reduced secretion or discomfort from fistulas or closure of one or some of the fistulas.

3. No response: Luminal/perianal disease: No regression of symptoms with a need to shift 

to another immunomodulator and/or surgery.
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Long-term outcome: 3 months after last intended infusion

1. Prolonged response: Maintenance of complete or partial response

2. IFX dependency: Relapse requiring repeated infusions to regain the complete or partial 

response; patients who needed IFX therapy for more than 12 months to sustain response 

were also considered IFX dependent (4)

3. No response: No improvement or worsening of symptoms with a need to shift from IFX 

treatment to another immunomodulator and/or surgery. 

3.1.3 Genetic polymorphisms

Following candidate variants were selected:  TNF c.-1037 C>T, TNF c.-488 A>G, CASP9 c.93 

C>T, LTA c.207 A>G, FASLG c.-844 C>T. Genomic DNA was isolated from peripheral blood 

by routine salting out procedure or from buccal swab using Qiagen DNA purification Kit 

(Qiagen, Hilden, Germany). All polymorphisms were typed using PCR- restriction fragment 

length polymorphism. Czech and Danish cohorts were analyzed separately due to significant 

differences of TNF c.-1037 C>T, TNF c.-488 A>G, LTA c.207 A>G, FASLG c.-844 C>T

variants in general populations.

3.1.4 Statistical analysis

Empirical transition probabilities from immediate to long-term outcome were calculated. 

Univariate logistic analyses were carried out analyzing the probability of being prolonged 

responder and/or IFX dependent at long-term outcome. Fisher exact test was used when 

appropriate. Chi-square test and Fisher exact test were used for genotype-phenotype analyzes. 

Kaplan-Meier curves with log-rank test were done for time until surgery. A significance level of 

5% was chosen.
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3.2 5-ASA dependency

3.2.1 Study population

The study population consisted of CD patients from DCCD treated at Herlev University Hospital 

from 1953 to 2007. Medical records of all CD patients were scrutinized to abstract information 

on treatment with 5-ASA. Patients fulfilling the criterion of „Relapse of the disease with the 

intention to treat only with 5-ASA preparations during the disease course“ were included into 

data analyses. Data on demographics and clinical characteristics at start of 5-ASA monotherapy 

and the details on 5-ASA treatment were retrieved from medical files. 

3.2.2 Assessment of 5-ASA response

Response to 5-ASA treatment was evaluated retrospectively according to a developed phenotype 

model of 5-ASA dependency:

Immediate outcome: 30 days after the start of 5-ASA therapy

1. Complete response: Total regression of clinical symptoms

2. Partial response: Improvement of clinical symptoms 

3. No response: No regression of symptoms with a need of immunomodulator or surgery 

Long-term outcome: irrespective of the length of the treatment

1. Prolonged response: Still in complete/partial response one year after induction of   

response, either on the initial/reduced dose of 5-ASA or after 5-ASA discontinuance

2. 5-ASA dependency: Relapse within one year after 5-ASA treatment cessation and 

regain of complete/partial response after 5-ASA re-introduction or relapse on a dose 

reduction or stable dose requiring dose escalation to regain complete/partial response

3. No response: No regression of symptoms with a need of immunomodulator or surgery
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3.2.3 Statistical analysis

Logistic regression analyses were performed in order to investigate which disease characteristics 

were predictable for a certain treatment response. Kaplan-Meier curve with accompanying log-

rank test was done for cumulative probability of surgery. A significance level of 5% was chosen.
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4 RESULTS

4.1 IFX dependency

4.1.1 Paediatric population

A total of 82 children with CD were included, 41 from Denmark and 41 from the Czech 

Republic. Table 1 presents the baseline demographic and clinical characteristics. The median

(range) follow-up after IFX start was 45 (3-75) months in Danish and 21 (6-50) months in Czech 

children. IFX was indicated for luminal and perianal disease in 62 and 20 children, respectively.

Table 1. Patients  ́demographic and clinical characteristics at start of IFX therapy

Danish (n=41) Czech (n=41) P

Median age (range)               14 (9-18) 15 (8-18) 0.58

Female (%) 23 (56%) 19 (46%) 0.38

Median disease duration (yr) 2 (0-7) 2 (0-6) 0.50

Disease localization (%) 

    Ileum (L1)

    Colon (L2)

    Ileo-colon (L3)

    Upper disease +/- L1,2,3

0

15 (37)

17 (41)

9   (22)

3   (7)

10 (24)

20 (49)

8   (20)

0.23

Disease behaviour (%)

    Inflammatory (B1)

    Stricturing+penetrating (B2+3)

    Perianal+ B1/2+3

24 (58)

6   (15)

11 (27)

11 (27)

14 (34)

16 (39)

0.01

Prior intestinal surgery (%)     8 (20) 3 (7) 0.19

Concomitant thiopurines/methotrexate (%)  36 (88) 39 (95) 0.49
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Response to IFX

Immediate response was obtained in 77 (94%) children of whom 65 (79%) had complete and 12 

(15%) partial response. In long-term outcome 18 (22%) children achieved prolonged response, 

53 (66%) developed IFX dependency and 10 (12%) patients were non-responders. One patient

was lost from follow-up.

Clinical predictors

Inflammatory disease behavior was predicative of prolonged response or IFX dependency (OR 

∞, 95%CI: 3.23-∞) while prior intestinal surgery decreased the probability of this response (OR 

0.05, 95%CI: 0.01-0.32). Regarding IFX dependency, complete immediate response (OR 3.9, 

95%CI: 1.13-13.22), perianal disease (OR 5.34, 95%CI: 1.24-22.55) and no prior intestinal 

surgery (OR 6.7, 95%CI: 1.67-26.61) were associated with IFX dependent response.

Genetic predictors 

No association was found between studied polymorphisms and IFX outcome.

Surgery

The cumulative probability of intestinal surgery 50 months after the start of IFX therapy was 

10% in IFX dependent patients, 30% in prolonged responders and 70% in non-responders 

(p=0.0002). IFX dependent children had significantly lower surgery rate compared to those with 

prolonged response (p=0.036).

4.1.2. Adult population

The study cohort comprised 132 CD patients from Denmark and 113 from the Czech Republic 

with the median (range) follow-up of 37.5 (6-92) and 38 (13-89) months respectively. The 

indication for IFX therapy was luminal and perianal disease in 132 and 114 patients, 

respectively. Baseline demographic and clinical characteristics are presented in Table 2.
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Table 2. Patients  ́demographic and clinical characteristics at start of IFX therapy

Danish (n=132) Czech (n=113) p

Medina age (range)               34 (15-66) 31 (16-67) 0.08

Female (%) 72 (58%) 60 (53%) 0.48

Median disease duration in years (range) 6 (0-33) 5 (0-39) 0.50

Disease localization (%) 

    Ileum (L1)

    Colon (L2)

    Ileo-colon (L3)

    Upper disease +/- L1,2,3

18 (14)

47 (35)

63 (48)

4   (22)

12 (11)

35 (31)

49 (43)

17 (15)

0.01

Disease behavior (%)

    Inflammatory (B1)

    Stricturing+penetrating (B2+3)

    Perianal+ B1/2+3

48 (36)

18 (14)

66 (50)

26 (23)

20 (18)

67 (59)

0.07

Prior intestinal surgery (%)     56 (42) 64 (57) 0.03

Concomitant thiopurines/methotrexate (%)  114 (86) 79 (70) 0.002

Outcome of IFX treatment

Immediate response was observed in 210 (86%) patients: 136 (56 %) patients achieved complete, 

74 (30%) partial and 35 (14 %) had no response. In long-term 114 (47%) patients obtained 

prolonged response, 71 (29%) developed IFX dependency and 60 (24%) had no response. 

Clinical predictors 

Patients with an immediate complete response were more likely to sustain prolonged response or 

develop IFX dependency than those with partial response (OR 2.65; 95%CI: 1.54 – 6.09). Prior 

intestinal surgery was shown to be negatively associated with IFX dependent phenotype (OR 

0.45; 95%CI: 0.24-0.82). Czech patients developed significantly less IFX dependent response

than Danish patients (OR 0.37; 95%CI: 0.20-0.69).
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Genetic predictors

Danish patients carrying at least one G allele of LTA c.207 A>G variant were more likely to 

become prolonged responders or IFX dependent compared to those homozygous for A allele 

(93% vs. 69%, respectively; OR 6.04, 95%CI: 1.48-25.26). In Czech patients, IFX dependent

phenotype was associated with the presence of at least one T allele of CASP9 c.93 C>T variant 

(CT/TT vs. CC: 37% vs. 14%, OR 3.55, 95%CI: 1.21-10.37).

Surgery 

The cumulative risk of intestinal surgery 40 months after the start of IFX was 20% in prolonged 

responders, 23% in IFX dependent and 76% in non-responders (log-rank test: p<0.001).

4.2 5-ASA dependency

Totally 537 patients with CD from DCCD were treated at Herlev University Hospital. Of them 

165 (31%) fulfilled the inclusion criterion and were analyzed. The median (range) follow-up 

since 5-ASA monotherapy start was 137 months (6-670). Patients´ clinical and demographic 

characteristics at start of 5-ASA monotherapy are outlined in Table 3.
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Table 3. Demographic and clinical characteristics of CD patients at start of 5-ASA monotherapy

n=165

Male (%) 71 (43)

Age (yr): median (range)          33 (13-83)

Disease duration (yr): median (range)      0 (0-49)

Disease localization (%)

    Terminal ileum

    Colon

    Ileo-colon

    Upper disease +/- ileum and/or colon

    Unknown  

45 (27)

79 (48)

29 (18)

8   (5)

4   (2)

Disease behaviour (%)

    Inflammatory

    Stricturing 

    Penetrating

    Unknown

146 (88)

6 (4)

12 (7)

1 (1)

Perianal disease at any time prior to 5-ASA monotherapy (%) 21  (13)

Intestinal surgery prior to 5-ASA course (%) 30 (18)

5-ASA treatment outcome

The immediate complete and partial response were observed in 111 (67%) and 13 (8%) patients, 

respectively. In long-term outcome 59 (38%) had prolonged response, 38 (23%) developed 5-

ASA dependency and 63 (38%) were non-responders. Five (3%) patients were not assessed in 

long-term outcome due to a short treatment course.

Predictors of 5-ASA response

Logistic regression analyses identified female gender as predictor of favourable long-term 

outcome - prolonged response or 5-ASA dependency (OR 2.89, 95%CI: 1.08-7.75). Focusing on 

5-ASA dependent response, patients with longer disease duration were more likely to become 5-

ASA dependent (OR 4.06, 95%CI: 1.09-15.1).
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5 DISCUSSION

Our study revealed that 66% and 29% of paediatric and adult CD patients respectively became 

IFX dependent. To date, two paediatric studies on IFX dependency have been published and 

reported 42% and 56% of children to become IFX dependent (4;14). The finding of high 

frequency of dependent children in our study is in agreement with these observations. In contrast, 

our results indicate a lower frequency of IFX dependency in adults. The potential explanation 

could be the different phenotype of paediatric IBD compared to adult onset-disease with more 

extensive involvement and aggressive disease course (25). 

In children, inflammatory disease behavior was associated with better long-term outcome 

compared to non-inflammatory disease. This is in agreement with the finding that surgery naïve 

patients (assumed mainly non-stricturing/non-penetrating disease), were more likely to become 

prolonged responders or IFX dependent. Children with perianal fistula at IFX start had higher 

probability of IFX dependency. Deep and permanent healing of all fistula tracks is an important 

assumption of sustained response (26). The superficial healing with remaining deep tracks which 

can lead to early and recurrent relapses might partly explain our finding. Contrary to our result, 

the national Dutch paediatric study reported higher rate of IFX dependency in children without 

fistulas than in those with fistulizing disease (14).

In Danish adult cohort, the presence of G allele of LTA c.-207 A>G variant was associated with 

better long-term IFX outcome. Study by Taylor et al. has shown a certain haplotype of 

lymphotoxin alpha (LTA) to be responsible for a decreased response to IFX in CD (27). In 

Czech patients, we revealed an association of T allele of CASP9 c.93 C>T variant with IFX 

dependent phenotype. Similarly, Hlavaty et al. (28) have reported an association of TT genotype 

of CASP9 c.93 C>T variant with positive short-term response to IFX. Nevertheless, due to small 

number of analyzed individuals the results have to be interpreted with caution.

Patients with prolonged response as well as IFX dependent ones had lower probability of surgery 

compared to non-responders. Of note is that IFX dependent children had even lower risk of 

surgery than those with prolonged response. The question whether biological therapy may 

decrease the need for surgical interventions is still unclear. So far, there is only a little evidence 

to support it (29;30). Our findings show that the need for surgery in both prolonged responders 

and IFX dependent patients may be at least postponed if not avoided.     
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Although efficacy of 5-ASA in CD is considerably lower compared to corticosteroids or IFX 

(31) the results of our study demonstrated that there is a group of CD patients with a nice 

response to 5-ASA. Of 165 patients included 59% obtained long-term benefit (prolonged 

response or 5-ASA dependent) with 23% being 5-ASA dependent. 5-ASA dependent patients 

contrary to prolonged responders represented a specific group having a relapse of the disease 

repetitively responding to 5-ASA and thus confirming efficacy of the drug. The results of our 

study may seem too favourable; however, the selected group was analysed. Thus, the total 

number of CD patients with a long-term benefit of 5-ASA was not high, as expected. 

Nevertheless, 5-ASA preparations are one of the safest therapeutics used in IBD and if 5-ASA 

was not used in CD any longer these patients would have to be treated with other, more potent 

but also more toxic anti-inflammatory agents. 

Female gender was predicative of better long-term response to 5-ASA. This might be explained 

by the findings of previous study reporting lower adherence with maintenance 5-ASA 

medication in males (32). Focusing on 5-ASA dependent phenotype, patients with longer disease 

duration were more likely to become dependent. Theoretically, this finding may be rather a 

reflection of a very mild disease phenotype.

6 CONCLUSIONS

The frequency of IFX dependency in children was found to be similarly high as in the previous 

paediatric studies, whereas a lower rate was observed in adult cohort. In children, perianal 

disease and no bowel surgery prior to IFX start were predicative of IFX dependency, while 2 

variants LTA c.207 A>G and CASP9 c.93 C>T were associated with IFX outcome in adult 

population. A significant decrease in surgical rate after IFX start was observed in both prolonged 

responders and IFX dependent patients, in paediatric as well as in adult cohort. 

5-ASA therapy was shown to be efficacious in a subgroup of patients with CD. Fifty-nine 

percent of included patients had long-term benefit from 5-ASA and 23% of them were 5-ASA 

dependent. Women were more likely to have a good response to 5-ASA than men, while patients 

with longer disease duration were more likely to be 5-ASA dependent. 

Future studies should confirm or disprove our findings.
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