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        INTRODUCTION

  Crohn’s disease (CD) is a chronic infl ammatory disease of the 

gastrointestinal tract, characterized by periods of active infl am-

mation, alternated with periods of remission ( 1–4 ). Th e pro-

gnosis of CD patients is heterogeneous and hard to predict early 

in the disease course ( 2,5 ). Th e current goal of CD treatment is 

to achieve and maintain steroid-free clinical remission and to 

prevent the development of structural bowel damage in the long 

term, such as fi stulas and abscesses, intestinal strictures, and 

surgery ( 6–8 ).

                                           Improvements in the Long-Term Outcome of Crohn’s 
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                                                                                                                    OBJECTIVES:     Medical treatment options and strategies for Crohn’s disease (CD) have changed over the past 

decades. To assess its impact, we studied the evolution of the long-term disease outcome in the 

Dutch Infl ammatory Bowel Disease South Limburg (IBDSL) cohort.

    METHODS:     In total, 1,162 CD patients were included. Three eras were distinguished: 1991–1998 ( n =316), 1999–

2005 ( n =387), and 2006–2011 ( n =459), and patients were followed until 2014. Medication exposure 

and the rates of hospitalization, surgery, and phenotype progression were estimated using Kaplan–Meier 

survival analyses and compared between eras by multivariable Cox regression models. Second, propensity 

score matching was used to assess the relation between medication use and the long-term outcome.

    RESULTS:     Over time, the immunomodulator exposure rate increased from 30.6% in the era 1991–1998 to 

70.8% in the era 2006–2011 at 5 years. Similar, biological exposure increased from 3.1% (era 

1991–1998) to 41.2% (era 2006–2011). In parallel, the hospitalization rate attenuated from 

65.9% to 44.2% and the surgery rate from 42.9% to 17.4% at 5 years, respectively (both  P <0.01). 

Progression to a complicated phenotype has not changed over time (21.2% in the era 1991–

1998 vs. 21.3% in the era 2006–2011,  P =0.93). Immunomodulator users had a similar risk of 

hospitalization, surgery, or phenotype progression as propensity score-matched nonusers ( P >0.05 for 

all analyses). Similar results were found for biological users ( P >0.05 for all analyses).

    CONCLUSIONS:     Between 1991 and 2014, the hospitalization and surgery rates decreased, whereas progression to 

complicated disease is still common in CD. These improvements were not signifi cantly related to the 

use of immunomodulators and biologicals.

        SUPPLEMENTARY MATERIAL  is linked to the online version of the paper at  http://www.nature.com/ajg 
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  Th e long-term outcome of CD is preferably studied in popula-

tion-based cohorts, as these comprise an unselected patient popu-

lation and therefore have good external validity ( 9–11 ). Current 

knowledge about the prognosis of CD is mainly based on data 

derived from such cohorts. A change in the clinical behavior of 

CD (i.e., progression from an infl ammatory to a stricturing or pen-

etrating phenotype) occurs in 53–62% of the patients within 10 

years aft er initial diagnosis ( 1,12–14 ) and surgery is required in 

∼ 50% of cases within 10 years ( 1,2,15,16 ). Th ese numbers illustrate 

that a substantial part of the CD population has an unfavorable 

long-term outcome.

  Most outcome data derive from studies that recruited patients 

several decades ago, in an era in which treatment options and 

strategies were diff erent from now. Population-based studies have 

shown that the use of 5-aminosalicylic acid has decreased over the 

past two decades, whereas immunosuppressive therapy is more 

oft en prescribed ( 17,18 ). A milestone in CD management was 

the extension of the therapeutic armamentarium with anti-tumor 

necrosis factor-α  (TNFα ) agents. In the Netherlands, infl iximab 

was the fi rst anti-TNFα  agent registered in 1999 ( 19,20 ), followed 

by the registration of adalimumab in 2007 ( 21,22 ). Randomized-

controlled trials and meta-analyses have shown the effi  cacy of 

immunomodulators and anti-TNFα  agents in inducing and main-

taining disease remission ( 23–26 ). Whether the adoption of these 

treatments resulted in an improved long-term outcome of CD in 

general is important information for clinicians and patients, as well 

as for health-care planning.

  Th e primary aim of this study was to evaluate changes in the 

medical management and long-term outcome of CD between 1991 

and 2014 in a large, well-characterized Dutch population-based 

cohort of CD patients. Th e secondary aim was to assess the relation 

between the use of immunomodulators and anti-TNFα  agents and 

the long-term disease outcome.

    METHODS

   Study population and design

  Th e Infl ammatory Bowel Disease South Limburg (IBDSL) cohort 

comprises adult IBD patients who were diagnosed between 1991 

and 2011 in the South Limburg area of the Netherlands. Th e South 

Limburg area is a well-defi ned geographic region in the southeast 

of the Netherlands, bordered by Belgium and Germany and is nar-

rowly connected to the rest of the Netherlands in the north. Th e 

relative geographic isolation results in a low net migration rate of 

2.1 per 1,000 inhabitants per year ( 27 ), favoring population-based 

research. A recent completeness check showed that over 93% of 

all eligible IBD patients in the South Limburg area is currently 

registered in the IBDSL cohort. For detailed information on the 

IBDSL cohort, we refer to the cohort profi le ( 28 ).

  Th e present study included all 1,162 CD patients registered in 

the IBDSL cohort. Patients were followed from the date of diag-

nosis to the end of data collection (2014), date of emigration, or 

date of death.

  Th e primary aims of the study were to assess changes in the 

medical management and long-term outcome of CD between 

1991 and 2014. Disease outcome was studied in terms of (i) dis-

ease progression from an infl ammatory phenotype to either a 

stricturing or penetrating phenotype (i.e., phenotype progres-

sion or change in disease behavior), (ii) hospitalization, (iii) sur-

gery, and (iv) cumulative corticosteroid (CS) use. Th e latter was 

assessed as the total number of days and the total dosage of CS 

use within the fi rst year and fi rst 5 years of the disease course. As 

a secondary aim, the relation between the use of immunomodula-

tors and anti-TNFα  agents and the long-term disease outcome 

was assessed.

  To study the evolution of the aforementioned end points over 

time, three time cohorts were distinguished, based on the year 

of CD diagnosis: era ‘91–‘98 (CD diagnosis between 1991 and 

1998), era ‘99–‘05 (CD diagnosis between 1999 and 2005), and era 

‘06–‘11 (CD diagnosis between 2006 and 2011). Era ‘91–‘98 can 

be referred to as the “prebiological era”, as the fi rst biological agent 

(infl iximab) was registered in 1999 for CD in the Netherlands. 

Th e biological era was further equally divided in two subsequent 

cohorts (eras ‘99–‘05 and ‘06–‘11).

  Th is study was approved by the Medical Ethics Committee of the 

Maastricht University Medical Centre (NL31636.068.10) and the 

IBDSL cohort is registered in ClinicalTrial.gov (NCT02130349).

    Data collection and defi nitions

  Demographic data, as well as clinical data on the occurrence of 

phenotype progression, hospitalization, and surgery, were col-

lected from medical records by scrutinizing patient fi les using 

a standardized case report form. Phenotype progression was 

defi ned as the development of either intestinal strictures (B2) or 

internal fi stulas or abscesses (B3) in patients with an infl amma-

tory phenotype (B1), according to the Montreal consensus ( 29 ). 

To facilitate data comparison with older studies, disease behavior 

was also classifi ed according to the Vienna consensus ( 30 ). Hos-

pitalization was defi ned as a hospital admission for CD-related 

complaints, CD-related surgery, or both. Elective admissions 

for endoscopy procedures or regular drug administration were 

excluded. Surgery was defi ned as the resection of a part of the 

bowel because of intestinal infl ammation or a CD-related compli-

cation (such as a stenosis, fi stula, or perforation). Perianal surger-

ies were not included in the analyses.

  CS treatment was defi ned as the use of a systemic CS, such as 

prednisone. CSs that have a local eff ect, such as budesonide, were 

not considered in this study. Dates of treatment initiation, cessation, 

and dose adjustments were retrieved from the medical records. In 

case no comment on the tapering regimen was specifi ed, and CSs 

were not used by the patient at the next visit, a standard taper-

ing regimen of 5 mg per week was considered as from the last visit 

in which CS use was mentioned. Th e total cumulative dosage and 

the total number of days were determined including all CS pre-

scriptions within 1 and 5 years aft er diagnosis. Th ese analyses were 

performed only in patients having such a long follow-up to avoid 

extrapolation of the data. Extrapolation could lead to an overesti-

mation of the total CS use in more recently diagnosed patients, as 

follow-up is shortest in this group and the probability of requiring 

CS courses attenuates during disease course ( 31 ).
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  Immunomodulators comprised azathioprine, mercaptopurine, 

tioguanine, and methotrexate, and anti-TNFα  agents considered 

were both agents registered in the Netherlands for CD (infl iximab 

and adalimumab). Dates of treatment initiation and cessation were 

retrieved from the medical records.

    Statistical analyses

  Continuous data were presented as means with s.d. in case 

of parametric data and as medians with interquartile range 

(IQR) in case of nonparametric data. Data were subsequently 

compared between eras by one-way analysis of variance or 

Kruskal–Wallis test, respectively. Dichotomous and nominal 

data were presented as absolute numbers and percentages and 

compared by χ  2  tests.

  Th e cumulative probability of event occurrence (phenotype pro-

gression, hospitalization, and surgery), as well as the cumulative 

probability of exposure to immunomodulators and anti-TNFα  

agents, was estimated by Kaplan–Meier survival statistics to adjust 

for diff erences in follow-up between patients. Diff erences in cumu-

lative probabilities between groups were determined by using the 

log-rank test. In addition, a multivariable Cox regression analysis 

was used to model the association between the era of diagnosis 

and the event of interest, adjusting for known clinical confound-

ers. Age at diagnosis, sex, disease location at diagnosis, disease 

behavior at diagnosis, and the era of diagnosis were included in 

all multivariable models. Diff erences in hazards between eras were 

expressed as hazard ratios (HRs) with 95% confi dence intervals 

(95% CIs). Th e proportional hazards assumption was tested for 

all variables by adding a time-dependent interaction term to the 

specifi c model. Time dependency was observed for the outcomes 

hospitalization and surgery. Th erefore, two models were created: 

one for estimating the outcome risk at diagnosis (defi ned as within 

1 month aft er diagnosis) and a second model for estimating the 

outcome risk during follow-up (i.e., beyond 1 month aft er diagno-

sis). Th is approach was used because one model would lead to an 

underestimation of the early and an overestimation of the late risk 

( 32 ) and because a diff erence in outcome risk between diagnosis 

and follow-up is clinically relevant.

  As treatment strategies have changed over time, we subsequently 

studied the relation between the use of immunomodulators and 

anti-TNFα  agents and the long-term disease outcome. First, we 

designed propensity score models in which medication users were 

matched to nonusers. Second, patients were followed as from the 

date therapy was started (users) or a corresponding matched index 

date (nonusers). By using this approach, confounding by indica-

tion ( 33 ) and immune-time bias ( 34 ) were minimized, respec-

tively. Separate models were created for immunomodulators and 

anti-TNFα  agents for each outcome (hospitalization risk, phe-

notype progression risk, and surgery risk). We defi ned “users” as 

patients with a fi rst immunomodulator or anti-TNFα  prescription 

within 2 years aft er CD diagnosis. Th e period of 2 years was cho-

sen because the temporal changes in the long-term outcome were 

found to occur within this time span. Users and nonusers were 

required to have a B1 phenotype at the index date for the analyses 

on phenotype progression and to be surgery naive for the analyses 

on surgery risk. First, a propensity score was generated for every 

patient, using binary logistic regression with start immunomodu-

lator or anti-TNFα  therapy within 2 years as dependent variable. 

Parameters known or suspected to be associated with receiving the 

specifi c therapy as well as with the risk of the specifi c outcome were 

included, i.e., age at diagnosis, sex, and early course characteris-

tics (i.e., disease location, behavior, hospitalization, CS use, and 

immunomodulator use (anti-TNFα  models only) within 3 months 

aft er diagnosis). Subsequently, medication users were matched to 

nonusers based on the propensity score using a 1:1 neighborhood 

matching method and a caliper of 0.20. Th e fi rst 3 months aft er 

the index date were censored, as this period is necessary to reach 

full therapy effi  cacy and events within this time window are likely 

the result of reverse causation. Follow-up ended when the event of 

interest occurred, therapy was stopped (including six months of 

lag time), or the end of data collection was reached. Th e cumula-

tive probability of event occurrence was studied by using Kaplan–

Meier survival analyses and Cox regression analyses. Results were 

adjusted for diff erences in cumulative days of CS use before the 

index date between users and nonusers by including this param-

eter in the Cox regression models. In order to evaluate the robust-

ness of the model, sensitivity analyses were conducted in which 

cutoff  values of 6 and 12 months aft er CD diagnosis were used for 

the defi nition of “user”. Results of these analyses are presented in 

 Supplementary Table S1 .

  Two-sided  P  values of 0.05 were considered statistically signifi -

cant. All statistical analyses were conducted using IBM SPSS Statis-

tics for Windows, Version 23.0. (IBM, Armonk, NY).

     RESULTS

   Patient population

  In total, 1,162 CD patients were included in this study. Era 

‘91–‘98 comprised 316 patients, era ‘99–‘05 comprised 387 

patients, and era ‘06–‘11 comprised 459 patients. Th ese patients 

were followed for a median of 16.1 (IQR 10.3–19.3), 9.7 

(IQR 8.0–11.8), and 4.2 (IQR 2.9–5.6) years, respectively. Patient 

characteristics are presented in  Table 1 .

    Medical therapy

  Immunomodulator treatment was ever used by 704 CD patients 

(60.6%). Th e cumulative 5-year exposure rate increased from 

30.6% (era ‘91–‘98) to 56.7% (era ‘99–‘05) to 70.8% (era ‘06–‘11) 

( P <0.01), see  Figure 1a . In line, the time to the fi rst prescription 

decreased, refl ected by an increasing number of patients who 

commenced treatment within the fi rst year of disease: 9.1% (era 

‘91–‘98), 31.0% (era ‘99–‘05), and 49.5% (era ‘06–‘11) ( P <0.01).

  Anti-TNFα  therapy was ever used by 379 CD patients (32.6%). 

It became available during the course of patients diagnosed in the 

era ‘91–‘98, whereas it was available as from diagnosis in patients 

diagnosed in the eras ‘99–‘05 and ‘06–‘11. Th e cumulative 5-year 

exposure to anti-TNFα  treatment increased from 3.1% (era 

‘91–‘98) to 19.9% (era ‘99–‘05) to 41.2% (era ‘06–‘11) ( P <0.01), 

see  Figure 1b . As with immunomodulators, a decrease in the time 

to fi rst exposure was observed, refl ected by an increase in the 
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number of patients using anti-TNFα  therapy within the fi rst 

year aft er diagnosis: 0% (era ‘91–‘98), 7.1% (era ‘99–‘05), and 

21.2% (era ‘06–‘11) ( P <0.01). Even within the biological era (eras 

‘99–‘05 and era ‘06–‘11), a 3.2-fold increase in the early use of 

anti-TNFα  therapy (i.e., within 1 year) was observed (adjusted 

HR (aHR) 3.24; 95% CI 2.10–4.99). Many patients exposed to 

biological therapy were on combination therapy (anti-

TNFα +immunomodulator) at the start of the anti-TNFα  agent 

(43.5%) and in 10.8% an immuno modulator was (re)introduced 

during biological therapy. In 46.1%, the immunomodulator was 

withdrawn during follow-up.

    Disease behavior

  In total, 460 patients (39.6%) had a complicated CD behavior, of 

whom 205 (17.7%) already at diagnosis ( Figure 2a ). Over time, 

the number of patients with complicated disease at diagnosis 

decreased from 24.1% (era ‘91–‘98) to 17.1% (era ‘99–‘05) to 

13.8% (era ‘06–‘11) ( P <0.01). Th e attenuation was most profound 

for penetrating disease: from 9.5% in the era ‘91–‘98, to 4.5% in 

the era ‘99–‘05, and to 3.7% in the era ‘06–‘11 ( P <0.01). Th e cumu-

lative 5-year risk of having a complicated behavior was 40.2% in 

the era ‘91–‘98, 35.1% in the era ‘99–‘05, and 32.1% in the era 

‘06–‘11 ( P =0.06). Progression from B1 to either B2/B3 phenotype 

 Table 1  .     Patient characteristics of Crohn’s disease patients in the IBDSL cohort 

      Era 1991–1998 (   N    =316)    Era 1999–2005 (   N    =387)    Era 2006–2011 (   N    =459)    

 Age  a    Mean (s.d.)  36.2 (15.8)  37.5 (15.8)  38.8 (16.1)   P =  0.08 

 Sex, male   N  (%)  121 (38.3)  137 (35.4)  176 (38.3)   P  = 0.63 

 Current smoker  a,b     N  (%)  141 (55.3)  178 (49.4)  175 (46.3)   P =  0.09 

 Disease duration in years  Median (IQR)  16.1 (10.3–19.3)  9.7 (8.0–11.8)  4.2 (2.9–5.6)   P  < 0.01 

  Disease location    a,c             P =  0.04 

  L1, ileal location   N  (%)  155 (49.1)  170 (43.9)  175 (38.1)   

  L2, colon location   N  (%)  94 (29.7)  127 (32.8)  150 (32.7)   

  L3, ileocolon location   N  (%)  63 (19.9)  80 (20.7)  124 (27.0)   

  L4, only upper GI location   N  (%)  4 (1.3)  10 (2.6)  10 (2.2)   

 Perianal disease (+ p )  a     N  (%)  30 (9.5)  27 (7.0)  37 (8.1)   P  = 0.48 

 Upper GI location (+ L4 )  a     N  (%)  21 (6.6)  43 (11.1)  60 (13.1)   P  = 0.02 

 GI, gastrointestinal; IBDSL, Infl ammatory Bowel Disease South Limburg; IQR, interquartile range. 

   a   At diagnosis.  

   b   Smoking status was not available in 169 cases.  

   c   Disease location according to the Montreal consensus.  

Disease duration in years

N at risk
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387
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0
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N at risk 459 41 0 0
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20151050

100%

80%
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0
0

N at risk
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N at risk 459 92 0 0
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(N) -'91–’98
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Cumulative exposure to immunomodulators

0
0

Cumulative exposure to anti-TNFα agents

Era '06–’11
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0
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(N) -'99–’05

a b

 Figure 1 .     The cumulative exposures to different treatment modalities among the three eras. ( a ) Immunomodulators and ( b ) anti-TNFα agents. The 

cumulative exposure to immunomodulators ( a ) and anti-tumor necrosis factor-α  (TNF-α ) agents ( b ) among the three eras. Era ‘91–’98, patients diagnosed 

between 1991 and 1998; era ‘99–‘05, patients diagnosed between 1999 and 2005; era ‘06–‘11, patients diagnosed between 2006 and 2011.        
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hospitalization during follow-up. Th e median number of days 

admitted per hospitalization decreased from 14.5 days (IQR 

10.0–27.0) in the era ‘91–‘98 to 11.0 days (IQR 7.0–18.0) in the 

era ‘99–‘05 to 8.0 days (IQR 5.0–14.0) in the era ‘06–‘11 ( P <0.01). 

No diff erence was found in the probability of a rehospitalization 

within the fi rst 5 years aft er diagnosis: 34.0% (era ‘91–‘98) vs. 

31.5% (era ‘99–‘05) vs. 38.4% (era ‘06–‘11) ( P =0.29).

  In the propensity score model for hospitalization, 352 immu-

nomodulator users could be matched to 352 nonusers. Th e cumu-

lative 5-year probability of hospitalization was higher in users than 

in nonusers (35.6% vs. 27.0%), but did not reach statistical signifi -

cance (aHR 1.25; 95% CI 0.86–1.80). For anti-TNFα  therapy, 168 

users could be matched to 168 nonusers and the cumulative 5-year 

probability of hospitalization was 35.1% in users and 25.1% in 

nonusers that also did not reach statistical signifi cance (aHR 1.13; 

95% CI 0.68–1.87). Th e sensitivity analyses showed similar results 

( Supplementary Table S1 ).

    Surgery

  In total, 361 patients required a total of 456 surgical resections. 

Surgery type and indication are shown in  Table 4 . Overall, the 

cumulative 5-year probability of surgery gradually decreased over 

time, from 42.9% in the era ‘91–‘98 to 26.2% in the era ‘99–‘05, to 

17.4% in the era ‘06–‘11 ( P <0.01), see  Figure 3b . Over time, sur-

geries were less oft en performed for active, luminal disease, and 

proportionally more oft en for stricturing disease ( P =0.03). Eighty 

surgeries were already performed at diagnosis, corresponding to 

a cumulative probability of 8.0%. Over the past two decades, the 

probability of undergoing surgery at diagnosis decreased from 

17.1% in the era ‘91–‘98 to 7.6% in the era ‘99–‘05 to 2.2% in the era 

during disease course was observed in 255 patients, correspond-

ing to a cumulative 5-year probability rate of 21.6%. Over time, no 

change in the progression rate was observed: 21.2% (era ‘91–‘98) 

vs. 21.7% (era ‘99–‘05) vs. 21.3% (era ‘06–‘11) ( P =0.93), see 

 Figure 2b . Phenotype progression was found to be associated 

with an ileal and upper gastrointestinal location of the disease at 

diagnosis ( Tables 2 and 3 ).

  In the propensity score model for phenotype progression, 

264 immunomodulator users could be matched to 264 nonus-

ers. Th e cumulative 5-year probability of phenotype progression 

was 19.0% in users vs. 22.8% in nonusers that did not diff er sig-

nifi cantly between groups (aHR 1.01; 95% CI 0.60–1.71). For the 

anti-TNFα  analyses, 110 anti-TNFα  users could be matched to 

110 nonusers, also resulting in a similar cumulative 5-year proba-

bility of phenotype progression between groups (21.3% vs. 21.0%, 

aHR 0.76; 95% CI 0.39–1.48). Results were similar in the sensitiv-

ity analyses, with cutoff  values of 6 and 12 months for medication 

use ( Supplementary Table S1 ).

    Hospitalization

  In total, 1221 CD-related hospitalizations took place in 644 

patients. Overall, the cumulative 5-year probability of hospitaliza-

tion attenuated over time, from 65.9% (era ‘91–‘98) to 53.1% (era 

‘99–‘05) and to 44.2% (era ‘06–‘11) ( P <0.01), see  Figure 3a . Part 

of this eff ect was found to be explained by a decrease in the hospi-

talization rate at diagnosis: 39.9% in the era ‘91–‘98, 27.0% in the 

era ‘99–‘05, and 21.2% in the era ‘06–‘11 ( P <0.01) ( Table 2 ). How-

ever, if we only consider patients not hospitalized at diagnosis, the 

decrease in hospitalization risk remains ( Table 3 ). Patients with 

a complicated phenotype at diagnosis had a higher risk of 
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 Figure 2 .     Disease behavior, classifi ed according to the Montreal consensus. ( a ) The distribution of disease behavior over disease course in the full Infl am-

matory Bowel Disease South Limburg (IBDSL) cohort. ( b ) The cumulative probability of progression from a B1 to either a B2 or B3 behavior in patients with 

B1 disease at diagnosis, stratifi ed by era of diagnosis. Era ‘91–‘98, patients diagnosed between 1991 and 1998; era ‘99–‘05, patients diagnosed between 

1999 and 2005; era ‘06–‘11, patients diagnosed between 2006 and 2011. B1, nonstricturing, nonpenetrating disease; B2, stricturing disease; B3, pen-

etrating disease.
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‘06–‘11 ( P <0.01). A majority of these surgical resections were per-

formed for infl ammatory disease (76.3%), either before or shortly 

aft er the diagnosis was established, whereas 17.5% was operated 

for stricturing disease and 6.3% for penetrating disease at that 

time. No diff erence herein was observed between eras ( P =0.65). 

Results regarding the decreasing surgery risk were concordant 

when only patients were considered who were not operated at 

diagnosis: the cumulative 5-year probability in these patients was 

33.2% in the era ‘91–‘98, 20.8% in the era ‘99–‘05, and 15.9% in 

the era ‘06–‘11 ( P <0.01). Besides era of diagnosis, an ileal disease 

location was signifi cantly associated with an increased risk of sur-

gery at both diagnosis and during follow-up, and a complicated 

phenotype at diagnosis was found to be associated with surgery 

during follow-up ( Tables 2 and 3 ).

  In the propensity score model for surgery, 315 immunomodula-

tor users could be matched to 315 nonusers and the cumulative 

5-year probability of surgery was similar between groups (19.2% 

vs. 22.8%, aHR 0.72; 95% CI 0.45–1.16, respectively). In the anti-

TNFα  analyses, 159 users could be matched to 159 nonusers and 

the cumulative 5-year probability of surgery was also found to 

be similar between groups (24.3% vs. 21.9%, aHR 1.07; 95% CI 

0.56–2.04). Results were concordant in the sensitivity analyses 

( Supplementary Table S1 ).

    Cumulative CS use

  CS therapy was ever prescribed to 665 patients (57.2%). Th e 

cumulative 5-year exposure was 50.0% in the era ‘91–‘98, 56.2% in 

the era ‘99–‘05, and 54.8% in the era ‘06–‘11 ( P =0.20). Although 

 Table 2  .     Parameters associated with a complicated phenotype, hospitalization, and surgery at diagnosis 

    Risk of having B2 or B3 phenotype at 

diagnosis  

  Risk of hospital admission at diagnosis    Risk of surgery at diagnosis  

    Unadjusted hazard 

ratio  

  Adjusted hazard 

ratio  

  Unadjusted hazard 

ratio  

  Adjusted hazard 

ratio  

  Unadjusted hazard 

ratio  

  Adjusted hazard 

ratio  

    HR (95% CI)    HR (95% CI)    HR (95% CI)    HR (95% CI)    HR (95% CI)    HR (95% CI)  

  Age at diagnosis  

  A2, 17–40 years  Ref  Ref  Ref  Ref  Ref  Ref 

  A3, >40 years  0.92 (0.69–1.23)  0.96 (0.72–1.29)  0.88 (0.70–1.11)  0.97 (0.77–1.22)  1.48 (0.99–2.23)  1.41 (0.93–2.15) 

  Sex  

  Male  Ref  Ref  Ref  Ref  Ref  Ref 

  Female  0.88 (0.67–1.17)  0.94 (0.71–1.24)  0.87 (0.70–1.08)  0.90 (0.72–1.12)  0.57 (0.38–0.86)  0.70 (0.47–1.06) 

  Era  

  1991–1998  Ref  Ref  Ref  Ref  Ref  Ref 

  1999–2005  0.69 (0.50–0.97)  0.71 (0.51–0.98)  0.65 (0.50–0.84)  0.66 (0.51–0.86)  0.43 (0.28–0.68)  0.47 (0.30–0.75) 

  2006–2011  0.55 (0.40–0.77)  0.56 (0.40–0.79)  0.50 (0.39–0.66)  0.52 (0.40–0.69)  0.12 (0.06–0.24)  0.15 (0.08–0.30) 

  Disease location at diagnosis  

  L1, ileal location  Ref  Ref  Ref  Ref  Ref  Ref 

  L2, colon location  0.29 (0.19–0.43)  0.30 (0.20–0.46)  0.84 (0.65–1.09)  0.98 (0.75–1.28)  0.12 (0.05–0.25)  0.14 (0.06–0.30) 

  L3, ileocolon location  0.68 (0.49–0.95)  0.71 (0.51–1.01)  0.94 (0.71–1.24)  1.04 (0.79–1.38)  0.11 (0.05–0.28)  0.15 (0.06–0.37) 

  L4, only upper GI location  0.65 (0.24–1.76)  0.44 (0.16–1.27)  0.26 (0.06–1.04)  0.25 (0.06–1.05)  0.52 (0.13–2.11)  1.01 (0.20–5.29) 

  Disease behavior at diagnosis  

  B1, infl ammatory disease  —  —  Ref  Ref  Ref  Ref 

  B2, stricturing disease  —  —  1.22 (0.90–1.64)  1.15 (0.85–1.57)  1.58 (0.94–2.64)  1.18 (0.70–2.00) 

  B3, penetrating disease  —  —  2.20 (1.60–3.04)  1.90 (1.36–2.64)  2.27 (1.25–4.13)  1.26 (0.68–2.33) 

  Perianal disease at diagnosis  

  No  Ref  Ref  Ref  Ref  Ref  Ref 

  Yes  1.24 (0.78–1.97)  1.36 (0.85–2.16)  1.02 (0.69–1.52)  1.01 (0.68–1.50)  0.50 (0.19–1.37)  0.68 (0.25–1.85) 

  Upper GI location at diagnosis  

  No  Ref  Ref  Ref  Ref  Ref  Ref 

  Yes  1.64 (1.13–2.39)  1.68 (1.13–2.50)  1.07 (0.76–1.50)  1.29 (0.90–1.84)  0.67 (0.31–1.46)  0.57 (0.23–1.41) 

 95% CI, 95% confi dence interval; GI, gastrointestinal; HR hazard ratio; Ref, reference category. 



© 2017 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

331

IN
F

L
A

M
M

A
T

O
R

Y
 B

O
W

E
L
 D

IS
E

A
S

E

Changes in Long-Term Outcome of Crohn’s Disease

fi rst year of disease ( P =0.15 and  P =0.71, respectively). In contrast, 

the cumulative use of CS (days and dosage) in the subsequent 4 

years of disease decreased over time: from a median of 198 days 

(IQR 26–653)/2,320 mg (IQR 158–7,487) in the era ‘91–‘98 to 

a median of 0 days (IQR 0–83)/0 mg (IQR 0–1,260) in the era 

‘06–‘11 ( P <0.01 for both outcomes). In line, the total cumula-

tive 5-year CS use decreased over time ( P <0.01 for both days and 

dosage analyses), see  Table 5 .

     DISCUSSION

  In this real-life, population-based, Dutch IBDSL cohort, the 

long-term outcome of CD has improved over the past two 

the 5-year exposure rate was similar among eras, more patients 

in the era ‘06–‘11 (48.5%) than in the era ‘91–‘98 (38.5%) had 

already used CS therapy within the fi rst year of disease (aHR 1.32; 

95% CI 1.05–1.65). Colonic and ileocolonic location of the disease 

at diagnosis were associated with early CS use (aHR 2.73; 95% CI 

2.18–3.41 and aHR 2.16; 95% CI 1.71–2.73 as compared with ileal 

location, respectively). Furthermore, an age at diagnosis of >40 

years was associated with a lower need for CS therapy within the 

fi rst year (aHR 0.69; 95% CI 0.57–0.83).

  Th e cumulative CS use was determined in CD patients who had 

a fi rst prescription within 5 years aft er diagnosis and had a follow-

up of at least 5 years ( n =430) ( Table 5 ). Both the total number 

of days and the total dosage were not diff erent among eras in the 

 Table 3  .     Parameters associated with a complicated phenotype, hospitalization, and surgery during follow-up 

    Risk of progression from B1 to B2 or 

B3 phenotype  

  Risk of hospitalization    Risk of surgery  

    Unadjusted hazard 

ratio  

  Adjusted hazard 

ratio  

  Unadjusted hazard 

ratio  

  Adjusted hazard 

ratio  

  Unadjusted hazard 

ratio  

  Adjusted hazard 

ratio  

    HR (95% CI)    HR (95% CI)    HR (95% CI)    HR (95% CI)    HR (95% CI)    HR (95% CI)  

  Age at diagnosis  

  A2, 17–40 years  Ref  Ref  Ref  Ref  Ref  Ref 

  A3, >40 years  0.85 (0.66–1.11)  0.81 (0.62–1.05)  0.77 (0.61–0.97)  0.95 (0.75–1.22)  0.88 (0.68–1.14)  1.12 (0.86–1.46) 

  Sex  

  Male  Ref  Ref  Ref  Ref  Ref  Ref 

  Female  0.95 (0.74–1.23)  0.95 (0.73–1.23)  1.09 (0.86–1.37)  1.10 (0.87–1.40)  0.87 (0.68–1.12)  0.97 (0.76–1.25) 

 Era 

  1991–1998  Ref  Ref  Ref  Ref  Ref  Ref 

  1999–2005  1.00 (0.74–1.36)  1.04 (0.77–1.41)  0.74 (0.57–0.97)  0.77 (0.59–1.01)  0.57 (0.43–0.75)  0.57 (0.43–0.75) 

  2006–2011  1.03 (0.74–1.45)  1.07 (0.76–1.50)  0.56 (0.41–0.74)  0.57 (0.42–0.77)  0.43 (0.31–0.59)  0.41 (0.30–0.57) 

  Disease location at diagnosis  

  L1, ileal location  Ref  Ref  Ref  Ref  Ref  Ref 

  L2, colon location  0.37 (0.27–0.51)  0.38 (0.27–0.52)  0.60 (0.45–0.78)  0.69 (0.52–0.92)  0.22 (0.16–0.32)  0.33 (0.23–0.48) 

  L3, ileocolon location  0.74 (0.55–1.00)  0.71 (0.52–0.97)  1.08 (0.83–1.40)  1.20 (0.92–1.58)  0.57 (0.42–0.75)  0.69 (0.51–0.93) 

  L4, only upper GI location  0.51 (0.19–1.37)  0.33 (0.12–0.95)  0.44 (0.18–1.08)  0.42 (0.16–1.11)  0.20 (0.05–0.80)  0.25 (0.06–1.05) 

  Disease behavior at diagnosis  

  B1, infl ammatory disease  —  —  Ref  Ref  Ref  Ref 

  B2, stricturing disease  —  —  2.42 (1.85–3.17)  2.24 (1.70–2.94)  4.39 (3.32–5.79)  3.70 (2.78–4.91) 

  B3, penetrating disease  —  —  5.11 (3.49–7.48)  4.09 (2.74–6.10)  10.65 (7.70–14.73)  8.15 (5.79–11.46) 

  Perianal disease at diagnosis  

  No  Ref  Ref  Ref  Ref  Ref  Ref 

  Yes  0.79 (0.49–1.27)  0.85 (0.52–1.38)  1.34 (0.94–1.91)  1.39 (0.97–2.00)  0.69 (0.43–1.10)  0.73 (0.46–1.17) 

  Upper GI location at diagnosis  

  No  Ref  Ref  Ref  Ref  Ref  Ref 

  Yes  1.63 (1.14–2.33)  1.66 (1.14–2.43)  1.20 (0.84–1.70)  1.29 (0.87–1.93)  1.41 (0.99–1.99)  1.37 (0.95–1.97) 

 95% CI, 95% confi dence interval; GI, gastrointestinal; HR hazard ratio; Ref, reference category. 
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decades and, in parallel, marked changes were observed in the 

medical management. Over time, the use of immunomodulators 

and anti-TNFα  agents increased profoundly and these agents 

were prescribed earlier aft er CD diagnosis. Th e more recently 

diagnosed CD patients had lower hospitalization and surgery 

rates, both at diagnosis and on the long-term, and less days 

of CS exposure during their course. Although fewer patients 

had complicated CD in more recent eras, the risk of progression 

from an infl ammatory to a stricturing or penetrating phenotype 

has not changed. Th e use of immunomodulators or anti-TNFα  

agents within 2 years aft er CD diagnosis was not signifi cantly 

associated with a lower hospitalization, phenotype progression, 

or surgery rate.

  Nowadays, the vast majority (70.8%) of CD patients will ever 

use immunomodulators and nearly half (49.5%) starts treatment 

in the fi rst year aft er CD diagnosis. Th is is in line with observa-

tions in other large cohorts ( 15,17,18 ) and with current guide-

lines that advocate the use of immunomodulators as fi rst-line 

maintenance therapy and CS sparing agent in CD ( 6,7 ). Th e 

immunomodulator exposure is rather high in the IBDSL cohort, 

as compared with other population-based cohorts from the same 

era, that observed 5-year exposure rates of 45–59% ( 15,18,35 ). 

Nearly one-third of our CD patients diagnosed aft er the year of 

anti-TNFα  introduction (1999) is exposed to these agents within 

5 years aft er diagnosis that is also high as compared with other 

cohorts, such as the Copenhagen County cohort (23.3% within 

7 years between 2003 and 2011) ( 36 ) and the ECCO-EpiCom 

cohort (19% within 1 year in 2011–2012) ( 37 ). Increasing 

exposure rates of immunomodulators and, in particular, 

anti-TNFα  agents, will inevitably lead to higher medication costs 
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 Figure 3 .     The cumulative risks of long-term outcome measures among the three eras. ( a ) Hospitalization and ( b ) surgical resection. The cumulative risks 

of hospitalization ( a ) and surgery ( b ) among the three eras. Era ‘91–‘98, patients diagnosed between 1991 and 1998; era ‘99–‘05, patients diagnosed 

between 1999 and 2005; era ‘06–‘11, patients diagnosed between 2006 and 2011.

        

 Table 4  .     Characteristics of the fi rst surgical procedure 

      Era 1991–1998 (   N    =173)    Era 1999–2005 (   N    =118)    Era 2006–2011 (   N    =70)    

  Indication of surgery            P =  0.03 

  Active, luminal disease   N  (%)  79 (45.7)  41 (35.0)  24 (34.3)   

  Stricturing disease   N  (%)  59 (34.1)  44 (37.6)  36 (51.4)   

  Penetrating disease   N  (%)  27 (15.6)  30 (25.6)  8 (11.4)   

  Other   N  (%)  8 (4.6)  3 (2.5)  2 (2.9)   

  Type of surgery            P  = 0.27 

  Ileocecal resection   N  (%)  135 (78.0)  100 (84.7)  54 (77.1)   

  Colonic resection   N  (%)  19 (11.0)  4 (3.4)  7 (10.0)   

  Right hemicolectomy   N  (%)  15 (8.7)  9 (7.6)  5 (7.1)   

  Small-intestine resection   N  (%)  4 (2.3)  5 (4.2)  4 (5.7)   
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steroid sparing in more recent years, a milder course of the disease 

(whether or not because of changes in medical therapy), an earlier 

diagnosis of the disease (and thus earlier start of treatment), or a 

combination of these factors.

  In all eras, a considerable number of patients suff ered from a 

complicated CD behavior. Over time, a reduction in the num-

ber of patients presenting with a complicated behavior was seen 

in the present study as well as in the cohort from Hungary ( 15 ). 

Th is may be explained by earlier diagnosis of CD, as strictures 

and internal fi stulas are considered to be the result of longstand-

ing infl ammation and subsequent bowel damage ( 39,40 ). Regret-

tably, no data on the time from fi rst symptoms to diagnosis were 

available for study. Th e cumulative 5-year probability of having 

a complicated CD behavior was 35.5% in our cohort, and this is 

lower than reported in other population-based studies (40–55%) 

( 1,13,14 ) and lower than in the landmark study from Cosnes  et 

al. ( 12 ) on this topic (52%). Of note, previous studies oft en used 

the Vienna consensus ( 30 ) to classify disease behavior, in which 

perianal fi stulas were also considered penetrating disease. When 

we reclassify disease behavior accordingly ( Supplementary 

Figure S1 ), the proportion of patients with a complicated 

behavior within 5 years aft er diagnosis is more alike (43.1%). 

Progression from B1 to either B2 or B3 disease occurred in 21% 

within 5 years and was similar among the three eras, despite the 

earlier and higher exposure to immunomodulators and anti-

TNFα  agents in more recent eras. Th is is of relevance, as the pre-

vention of structural bowel damage is currently suggested as a 

novel therapeutic goal in CD ( 8,41 ).

  In parallel to an increasing use of immunomodulators and anti-

TNFα  agents, we observed a considerable drop in the surgery rate, 

both at diagnosis and during follow-up, even within the biological 

era. Th e lower surgery rate at diagnosis may be explained by a com-

bination of improved diagnostics, disease awareness, or a change 

in treatment policy. A local eff ect is suspected, as other cohorts did 

not fi nd such a decrease in the surgery rate at diagnosis ( 17,18 ). 

and overtreatment looms. Although total costs for IBD care have 

not increased over time, the Dutch COIN study recently showed 

that costs for IBD medication have increased and are currently 

the main cost driver in IBD ( 38 ). Future studies that aim to 

stratify patients in order to select the optimal treatment 

strategy for each CD patient are warranted to avert under- and 

overtreatment.

  Induction and maintenance of steroid-free clinical remission is 

the primary treatment goal in CD, but data regarding the cumu-

lative CS use are scarce. A Canadian population-based study 

(UMIBDED) found no change in cumulative CS use between 1995 

and 2010, despite increasing immunomodulator use ( 31 ). Th e 

present study is the fi rst European study including this important 

outcome parameter and shows a clear reduction in cumulative 

CS use in more recently diagnosed CD patients. Th is discrepancy 

between studies may be explained by regional diff erences in pre-

scription policy, but a more profound increase in the cumulative 

5-year exposure rates of immunomodulators (UMIBDED: 19.8% 

(1995–2000) to 31.7% (2005–2009) vs. IBDSL: 30.6% (1991–1998) 

to 70.8% (2006–2011)) and anti-TNFα  agents (UMIBDED: 5.1% 

(2001–2004) to 12.7% (2005–2009) vs. IBDSL: 19.9% (1999–2005) 

to 41.2% (2006–2010)) in our area must be acknowledged. Next, 

we observed that more CD patients in the era ‘06–‘11 than in the 

era ‘91–‘98 received a CS prescription within the fi rst year aft er 

diagnosis. Th is probably results from a high adherence to recent 

guidelines that advocate the use of CS for remission induction for 

all newly diagnosed CD patients, except for patients with limited 

ileal disease ( 6,7 ). Th e observed cumulative use in the fi rst year of 

disease in the era ‘06–‘11 (median 79 days (IQR 48–144)/1,580 mg 

(IQR 840–3,060)) corresponds to approximately one course of CS 

(63 days, 1,505 mg), assuming a start dose of 40 mg prednisolone 

and a standard 8–10 weeks of tapering regime as recommended 

in the Dutch guideline from 2009 ( 6 ). Beyond the fi rst year aft er 

diagnosis, we observed a clear reduction in the cumulative CS use 

in more recent eras. Th is may be the result of more awareness for 

 Table 5  .     Cumulative corticosteroid use 

      Era 1991–1998 (   N    =142)    Era 1999–2005 (   N    =194)    Era 2006–2011 (   N    =93)    

  Within fi rst year of disease  

  Cumulative number of days  Median (IQR)  107 (35–268)  81 (13–170)  79 (54–160)   P =  0.15 

  Cumulative dose  Median (IQR)  2,095 (500–4,189)  1,680 (196–3,460)  1,580 (935–3,133)   P  =0.71 

  Between fi rst and fi fth year of disease  

  Cumulative number of days  Median (IQR)  198 (26–653)  63 (0–173)  0 (0–83)   P  < 0.01 

  Cumulative dose  Median (IQR)  2,319 (158–7,487)  880 (0–2,680)  0 (0–1,260)   P <  0.01 

  Within the fi rst 5 years of disease  

  Cumulative number of days  Median (IQR)  366 (107–841)  161 (75–314)  120 (72–211)   P  < 0.01 

  Cumulative dose  Median (IQR)  4,643 (1,828–10,234)  2,970 (1,508–5,081)  2,180 (1,278–3,715)   P  < 0.01 

 IQR, interquartile range. 

 Analyses on the cumulative use of corticosteroids were performed in patients with a corticosteroid prescription within 5 years after diagnosis and a minimum follow-up of 5 

years. 
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Th e 5-year surgery rate decreased as well, even aft er correcting for 

surgeries performed at diagnosis. Th is observation is in line with 

Danish data that show a decrease in the surgery rate from 44.7% 

in 1979–1986 to 19.6% in 2003–2011 ( 17 ), and with Cardiff  data 

that show a decrease from 59% in 1986–1991 to 25% in 1998–2003 

( 18 ). Th e present study is the fi rst to include the indication of sur-

gery and shows that the drop in surgery rate is mainly caused by a 

reduction in surgeries for refractory infl ammatory disease rather 

than complicated disease.

  To assess whether the temporal improvements in the long-

term outcome of CD are related to the observed changes in the 

medical management of CD, we compared the long-term out-

come of immunomodulator and anti-TNFα  users with matched 

controls. No signifi cant association was found between the use 

of these agents in the fi rst 2 years of disease and the subsequent 

hospitalization, surgery, or phenotype progression risk. Results 

were concordant in the sensitivity analyses in which cutoff  values 

of 6 months and 1 year were used for the defi nition of “user”. 

Th erefore, the results of the present study seem to indicate that 

the observed improvements in the long-term outcome are mainly 

caused by other factors than changes in medical management, 

such as (local) changes in the indications for hospitalization 

and surgery, or disease monitoring. Referring to the latter, IBD 

patients are more tightly monitored nowadays: biochemically 

(e.g., regular checks for blood and fecal infl ammation mark-

ers), radiologically (e.g., assessment of proximal disease activity 

and extension), and personally (e.g., easily accessible specialized 

IBD nurses, adherence coaching). As a result, disease activity 

or disease-related complications may be recognized and treated 

at an earlier stage, thereby possibly preventing further progres-

sion. Previous studies refl ecting on the question of whether 

medication can alter the natural history of IBD did fi nd an 

association between the use of azathioprine and/or anti-TNFα  

and a lower surgery rate ( 15,42–45 ). However, not all studies 

adequately adjusted for confounding by indication or immune 

time bias. Propensity score matching is commonly used to 

control for confounding by indication ( 46 ), yet its perfor-

mance depends on the quality of the variables included in the 

model. In IBD, accurate (clinical) predictors for the disease 

outcome are currently lacking, limiting the extent to which we 

can account for such confounding ( 47 ). As a result, the fi ndings 

from the propensity score analyses may therefore be underesti-

mated. Referring to immune time bias ( 48 ), Targownik  et al.  ( 49 ) 

postulated that this type of bias may explain the strong benefi cial 

eff ects of immunomodulators and anti-TNFα  agents on surgery 

risk or phenotype progression that were found in some obser-

vational studies. Th is may explain the discrepancy between the 

negative fi ndings in the present study and the positive fi ndings 

in others.

  Ultimately, because of the complexity of establishing proper 

models to study the relation between treatment and outcome and 

the large number of patients required to measure an eff ect, our 

fi ndings should be interpreted with care. Future studies, in partic-

ular in cohorts with more patients treated with anti-TNFα  agents 

or combination therapy early in disease course, are needed to fur-

ther refl ect on the question whether specifi c treatment strategies 

can change the natural history of CD.

  Th e strengths of this study reside in the prospective registration 

of newly diagnosed IBD patients in a well-defi ned geographical 

area, the large number of CD patients included and high com-

pleteness of the cohort (over 93%) ( 28 ), the long follow-up time, 

and the level of detail of the clinical data directly retrieved from 

patients’ fi les rather than from administrative databases. Th is 

enabled us to study time trends in medical management and out-

comes in an unselected CD population in real-life clinical prac-

tice. Nonetheless, several limitations have to be addressed. First, 

because of the observational design of the study, no causal rela-

tions can be claimed. Second, data on the diagnostic delay would 

have provided insight into the observed changes in disease pres-

entation, but were not available and are diffi  cult to obtain because 

of recall bias. Th ird, hospitalization, surgery, and cumulative CS 

use were used as proxy measures for a severe disease outcome. 

Clinical and endoscopic disease activity scores and biochemi-

cal markers would have provided additional insight, yet are very 

hard to collect and interpret in large, observational cohort studies. 

Finally, data on the cumulative CS use were retrieved from medi-

cal records rather than pharmacies, inducing a certain amount of 

inaccuracy.

  In conclusion, the hospitalization and surgery rates decreased 

over the past two decades, whereas progression to complicated 

disease is still common in CD. Th e improvements were not sig-

nifi cantly associated with the use of immunomodulators or 

anti-TNFα  agents. Future studies should address whether novel 

treatment strategies, such as treat to target, can further improve the 

long-term outcome, in particular the risk of developing structural 

bowel damage.
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     The long-term outcome of Crohn’s disease varies widely 
among patients and many have an unfavorable outcome. 

   ✓     Over the past decades, treatment options and strategies for 
Crohn’s disease have changed, including a more frequent 
use of biological therapy. 

   ✓     It is currently poorly understood whether the long-term 
outcome of Crohn’s disease has improved and what role 
medical therapy played herein. 

    WHAT IS NEW HERE 

    ✓     Between 1991 and 2014, the hospitalization and surgery 
rates have decreased markedly, even within the biological era. 

   ✓     Similar, the cumulative corticosteroid use has attenuated, 
in particular after the fi rst year of disease. 

   ✓     The observed improvements in the long-term outcome 
seem not to be related to the use of immunomodulators 
and biologicals. 

   ✓     Progression to a complicated disease phenotype is still 
common, illustrating the need for further optimization of 
the management of Crohn’s disease.   
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