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ucosal Healing Predicts Sustained Clinical Remission in Patients With
arly-Stage Crohn’s Disease
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his article has an accompanying continuing medical education activity on page e10. Learning Objective: Upon completion
f reading this article, successful learners will be able to interpret the concept of mucosal healing in Crohn’s disease, as well
s identify patients that would benefit from an endoscopic evaluation and integrate the endoscopic findings as a prognostic

arker in the management of Crohn’s disease patients.
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ACKGROUND & AIMS: Few prospective data are avail-
ble to support the clinical relevance of mucosal healing in
atients with Crohn’s disease. This study examined whether
omplete healing, determined by endoscopy, predicts a bet-
er outcome in Crohn’s disease. METHODS: One-hundred
hirty-three newly diagnosed and treatment-naïve Crohn’s
isease patients were given either a combination of immu-
osuppressive therapy (azathioprine) and 3 infusions of

nfliximab or treatment with conventional corticosteroids.
atients given azathioprine were given repeated doses of

nfliximab for relapses, patients given corticosteroids were
iven azathioprine in cases of corticosteroid dependency
nd infliximab only if azathioprine failed. A representative
ubset of 49 patients from the initially randomized cohort
nderwent ileocolonoscopy after 2 years of therapy. Corre-

ation analysis was performed between different clinical
arameters including endoscopic activity (Simple Endo-
copic Score) and clinical outcome 2 years after this endo-
copic examination. Data were available from 46 patients 3
nd 4 years after therapy began. RESULTS: Complete mu-
osal healing, defined as a simple endoscopic score of 0 after
years of therapy, was the only factor that predicted sus-

ained, steroid-free remission 3 and 4 years after therapy was
nitiated; it was observed in 17 of 24 patients (70.8%) vs 6 of
2 patients with lesions detected by endoscopy (27.3%, Sim-
le Endoscopic Score �0) (P � .036; odds ratio � 4.352;
5% confidence interval, 1.10�17.220). Fifteen of 17 pa-
ients with mucosal healing at year 2 maintained in remis-
ion without further infliximab infusions during years 3
nd 4 (P � .032; odds ratio � 4.883; 95% confidence inter-
al, 1.144�20.844). CONCLUSIONS: Complete mucosal

ealing in patients with early-stage Crohn’s disease is
ssociated with significantly higher steroid-free remis-
ion rates 4 years after therapy began.

iew this article’s video abstract at www.gastrojournal.org

rohn’s disease (CD) is a chronic relapsing inflam-
matory condition that primarily affects young indi-

iduals, often leading to significant impairment of qual-
ty of life. At present, potent medical therapies, including
iologics and immunosuppressives, are often reserved as

ast-resort treatments for patients refractory to conven-
ional management. Due to a lack of useful prognostic

arkers, current disease management remains largely
linically guided. However, symptoms usually correlate
oorly with disease activity and better prognostic mark-
rs are needed.

In our recently published study, we found that combi-
ation immunosuppressive therapy with infliximab and
zathioprine led to significantly higher mucosal healing
ates compared with conventional management (CM) in
atients with newly diagnosed CD, despite comparable
linical steroid-free remission rates after 2 years of treat-
ent.1 To date, the clinical benefit of achieving complete
ucosal healing has not yet been demonstrated in a

rospective study. Recent data from a Norwegian popu-

Abbreviations used in this paper: CD, Crohn’s disease; CDAI, Crohn’s
isease Activity Index; CIS, combined immunosuppressive treatment;
M, conventional management; SES-CD, Simple Endoscopic Score;
NF, tumor necrosis factor.

© 2010 by the AGA Institute
0016-5085/10/$36.00
doi:10.1053/j.gastro.2009.09.056
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464 BAERT ET AL GASTROENTEROLOGY Vol. 138, No. 2
ation-based cohort, before the era of biologics, suggested
hat mucosal healing is predictive of reduced disease
ctivity and decreased need for active treatment and sur-
ery.2

In the current study, we prospectively followed a co-
ort of newly diagnosed Crohn’s patients for 2 years after

leocolonoscopy, focusing on the differences in clinical
utcomes of patients who achieved complete mucosal
ealing compared with those who had persistent endo-
copic activity. We hypothesized that patients achieving
omplete mucosal healing had superior long-term clini-
al outcomes.

Methods
This was a prospective, 2-year follow-up of a pre-

iously published study in a cohort of CD patients.1 In
ummary, 133 newly diagnosed and treatment-naïve CD
atients were randomized at 18 centers to receive either
ombined immunosuppressive treatment (CIS) with aza-
hioprine (2.5 mg/kg) and 3 infusions of infliximab 5

g/kg or CM with initial corticosteroid therapy. In the
IS group, patients with a relapse were given repeated

nfliximab infusions as needed. In the CM group, aza-
hioprine was given on flare-up after a second course of
orticosteroids or when steroids could not be tapered
ccording to a fixed scheme. Infliximab was given only
fter failure of 3 months of azathioprine. The initial
tudy started in May 2001 when the first patient was
andomized, and continued through January 2004 when
he last patient had reached year 2.1

Eight of the 18 centers participated in an endoscopic
ubstudy. All 49 patients (26 CIS, 23 CM) at these centers
ho were treated per protocol underwent ileocolonos-

opy at year 2. Endoscopic activity was scored using the
imple Endoscopic Score (SES-CD).3 Complete mucosal
ealing was defined as a SES-CD of 0, meaning no signs
f active inflammation in any colonic segment or in the
erminal ileum.

This study reports on the extended follow-up of these
9 patients through years 3 and 4 (the 2 years following
ndoscopic evaluation). All patients followed strict treat-
ent guidelines until the last patient had reached year 2

nd the initial trial had formally ended. Thereafter, pa-
ients continued with the same treatment or were treated
ccording to currently accepted guidelines at the discre-
ion of the investigator. After January 2006, patients in
eed of repeated infliximab infusions were switched from
pisodic (“on demand”) to maintenance infliximab treat-
ent every 8 weeks according to revised guidelines.4

etailed clinical data including treatment were collected
or all patients.

All patients were seen for outpatient clinic visits on a
outine basis every 3 months until the last patient in the
tudy had reached year 2. At each of these 3 monthly
isits, a Crohn’s Disease Activity Index (CDAI) was cal-

ulated. Median follow-up for these measurements in the a
urrent study was 19.2 months. After this period, pa-
ients were evaluated clinically using the Harvey Brad-
haw Index and physical examination. In addition, inves-
igators completed follow-up questionnaires for each
atient at the end of year 3 and year 4. The questionnaire
as comprised of clinical parameters regarding disease

tatus (overall disease status, flares, fistulas, endoscopy,
-rays), disease-related medications, adverse events, co-
orbidities, and disease-related hospitalizations. Overall

isease status was summarized as follows: “clinical remis-
ion” was defined as a symptom-free state throughout
he entire 2-year follow-up period, “mildly active,” “mod-
rately active,” or “severely active,” defined per average
DAI at different outpatient clinic visits and/or as deter-
ined by the principal investigators. The main endpoint

f this study was stable remission and no use of cortico-
teroids during the entire 2-year follow-up period. For
emission, the classical CDAI criterion (�150) was used
r a Harvey Bradshaw Index �3. A flare was defined as
ny change in the disease course that required an un-
cheduled visit or admission to the hospital and or a
hange in medication. Patients needing repeated inflix-
mab infusion because of a flare were not considered in
emission. In contrast, patients who were switched from
n on-demand schedule to maintenance infliximab every
weeks were counted separately. Therefore, an additional

ndpoint, “in remission off steroids and no anti�tumor
ecrosis factor (TNF) therapy” was used to split up re-
issions with or without infliximab.
Informed consent was obtained from all patients to

xtend the initial study. This follow-up was approved by
he central and local institutional review boards at each
articipating center.

Statistical Analysis

Data for clinical remission were combined for
ears 3 and 4 (the 2 years following the endoscopic
valuation). Mucosal healing was used as a binary vari-
ble (healing or no healing) as was done in other stud-
es.1,2 A Fisher’s exact 2-sided test was used to compare
he mucosal healing group with the nonmucosal healing
roup. Statistical Program for the Social Sciences 17.0
SPSS Inc, Chicago IL) was used for statistical analysis.
n � level of 5% was considered as threshold for signif-

cance. In addition, multiple logistic regression analysis
as performed with all variables and showed a trend

oward significance in univariate analysis (P � .1) in-
luded in the model.

Results
Data Collection

The initial trial included 129 evaluable patients of

total of 133 patients randomized in 18 centers. Eight
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February 2010 MUCOSAL HEALING IN CROHN’S DISEASE 465
enters agreed to participate in an endoscopic substudy.
ll 49 patients from these 8 centers underwent an ileo-
olonoscopy 2 years after enrollment in the initial trial.
hese patients had similar baseline characteristics com-
ared with the entire main study sample. At the time of
ollow-up analysis, year-4 data were available in 46 (94%)
f 49 patients (25 CIS; 21 CM). Three patients were lost
o follow-up. Complete mucosal healing (SES-CD � 0)
as observed in 24 patients (52%; 18 CIS; 6 CM) and

ndoscopic activity (SES-CD �0) was observed in 22
atients (48%; 7 CIS; 15 CM). The 2-year SES-CD did not
orrelate with the CDAI or with any other clinical param-
ters at inclusion in the initial study.1

Remission Rates
Several potential predictive factors both at diag-

osis and at year 2 were studied. Age, location of CD,
moking history, CDAI, hematocrit, and C-reactive pro-
ein levels at diagnosis were not significantly correlated
ith prognosis. Remission status (or CDAI), C-reactive
rotein, hematocrit, and previous infliximab use at year 2
id not correlate with clinical outcomes either (Tables 1
nd 2). Although a higher proportion of patients initially

able 1. Predictive Factors at Diagnosis for Remission
During Year 3 and Year 4 (Univariant Analysis)

Predictive factors n Remission

Remission
off

steroids

Remission off
steroids, no

anti-TNF

ge (y) at diagnosis 46 26 23 19
�25 23 11 10 7
25�35 9 5 4 4
�35 14 10 9 8
value .37 .439 .272

ocation at diagnosis 46 26 23 19
Colon only 10 4 4 4
Ileocolitis 27 15 13 10
Small bowel only 9 7 6 5
P value .250 .487 .618

moking 46 26 23 19
Current 12 7 7 7
Former 16 11 9 6
Never 18 8 7 6
P value .357 .479 .367

DAI at inclusion 46 26 23 19
Mild 15 8 7 6
Moderate 16 11 9 8
Severe 15 7 7 5
P value .443 .826 .637

-reactive protein 18 18 14 11
�5 mg/L 9 9 6 6
�5 mg/L 9 9 8 5
P value 1 .58 1

ematocrit 20 20 19 16
�35% 8 8 8 8
�35% 12 12 11 8
P value 1 1 .12

DAI, Crohn’s Disease Activity Index; CIS, Combined Immunosuppres-
ive Treatment; CM, conventional management; IFX, infliximab; SES-
rD, Simple Endoscopic Score; TNF, tumor necrosis factor.
reated with combined immunosuppression treatment
ere in remission than of those treated with CM, multi-
le logistics regression analysis revealed that endoscopic
ealing was the only significant factor.
Stable, steroid-free remission was observed through

ears 3 and 4 in 17 of 24 (70.8%) patients achieving
omplete mucosal healing (SES-CD of 0) at year 2, com-
ared with only 6 (27.3%) of 22 patients with endoscopic
ctivity (SES-CD 1-9) (P � .036; odds ratio � 4.352; 95%
onfidence interval, 1.10�17.220). Steroid-free remission
ithout anti-TNF therapy was observed in 15 of 24

62.5%) patients in the SES-CD � 0 group, but in only 4
f 22 (18.2%) patients in the SES-CD � 1 to 9 group (P �

032; odds ratio � 4.883; 95% confidence interval,
.144�20.844) (Figure 1). The same analysis was re-
eated with only 31 of 42 patients in remission based on
DAI (CDAI available in 42 of 46 patients) at year 2.
nly 16 of 31 patients (52%) in clinical remission had
ucosal healing. Thirteen of these 16 patients (81.2%)

emained in clinical remission off steroids compared to
nly 5 of 15 (33.3%) of patients with mucosal lesions (P �

066). In addition, 8 of 11 (73%) patients not in clinical

able 2. Predictive Factors at Year 2 for Remission During
Year 3 and Year 4 (Univariant Analysis)

Predictive factors
at Year 2 n Remission

Remission off
steroids

Remission off
steroids, no

anti-TNF

revious medication 46 26 23 19
CM 21 9 6 4
CIS 25 17 17 15
P value .14 .017 .0071

ndoscopic healing 46 26 23 19
SES-CD 0 24 17 17 15
SES-CD 1�9 22 9 6 4
P value .073 .0072 .0031

DAI at year 2 42 25 22 19
�150 31 20 18 15
150�250 4 1 1 1
�250 7 4 3 3
P value .314 .395 .670

-reactive protein 42 25 22 19
�5 mg/L 30 18 17 15
�5 mg/L 12 7 5 4
P value 1 .499 .494

ematocrit 41 24 21 18
�35% 0 0 0
�35% 24 21 18
Previous IFX

therapy
44 24 21 17

Yes 33 19 18 14
No 11 5 3 3
value .51 .168 .485

DAI, Crohn’s Disease Activity Index; CIS, combined immunosuppres-
ive treatment; CM, conventional management; IFX, infliximab; SES-
D, Simple Endoscopic Score; TNF, tumor necrosis factor.
old type indicates statistical significant factors.
emission did have mucosal healing.
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466 BAERT ET AL GASTROENTEROLOGY Vol. 138, No. 2
Adverse Events, Comorbidities, and
Hospitalizations
One patient (4.2%) with complete mucosal healing

eported a persistent perianal fistula, and 5 of 22 (22.7%)
atients with a SES-CD 1 to 9 reported a new (n � 2) or
ersistent actively (n � 3) draining perianal fistula dur-

ng follow up (P � .089).
A total of 23 flares in 14 patients were observed during

he study. Six flares occurred in 4 of the 24 (16.7%)
atients with mucosal healing compared to 17 flares in
0 of the 22 (45.5%) patients in the group with endo-
copic activity. The number of flares per patient is shown
n Figure 2.

No major resective bowel surgery for CD was per-
ormed in either group. Minor Crohn’s surgery, including
ncision and drainage of abscesses, was performed in 1
atient in the SES-CD 0 group and in 3 patients in the
ES-CD �0 group. One patient in the mucosal healing
roup was hospitalized for a flare of CD, although there
ere no hospitalizations in the endoscopic activity group.

igure 2. The number of Crohn’s disease flares per patient during

igure 1. Remission status during year 3 and year 4 according to
imple Endoscopic Score (SES-CD) at year 2.
ears 3 and 4 according to mucosal healing status. S
o significant differences in the number of other minor
nd serious adverse events were noted between the 2
roups (Table 3).

Medication Use Beyond Year 2
At the beginning of this follow-up study, there

ere no significant differences in medication use between
he CM and the CIS group. All but 3 patients remained
n immunosuppressives throughout the study. These 3
atients were in the mucosal healing group (SES-CD 0)
nd maintained stable clinical remission despite discon-
inuation of all medical therapies. No patients in the
ndoscopic activity group (SES-CD 1�9) maintained sta-
le clinical remission without medication. During the
tudy anti-TNF therapy was used in 8 (33%; 7 infliximab,

adalimumab) of the 24 patients in the SES-CD 0
ompared to 14 (64%; 12 infliximab, 2 adalimumab) of 22
atients in the SES-CD 1 to 9 group. All medication use,
oth maintenance and add-on medication is summarized

n Table 4.

able 3. Predictive Factors Clinical Outcome Data During
Year 3 and Year 4 According to SES-CD Obtained
at Year 2

Years 3�4 data

SES-CD 0
(n � 24)

SES-CD
1�9

(n � 22)

P valuen % n %

isease activity status
Remission 17 70.83 9 40.91 .223
Mildly active 3 12.50 6 27.27
Moderately active 3 12.50 6 27.27
Severely active 1 4.17 1 4.55

dverse events
New or active draining

fistula
1 4.17 5 22.73 .0089

CD minor surgery
(incision/drainage)

1 4.17 3 13.645 .226

CD major surgery
(resection)

0 0 0 0 1

CD hospitalization 1 4.17 0 0 .522

D, Crohn’s disease; SES-CD, Simple Endoscopic Score.
old type indicates statistical significant factors.

able 4. All Crohn’s Medication Used During Year 3 and
Year 4 According to SES-CD at Year 2

Medication use during
years 3�4

SES-CD
0 (n � 24)

SES-CD
1�9

(n � 22)

P valuen % n %

orticosteroids (any) 3 12.50 5 22.73 .204
zathioprine or methotrexate 21 87.50 22 100 .133

nfliximab 7 29.17 12 54.55 .054
ther anti-TNF therapy 1 4.17 2 9.09 .365
o therapy 3 12.50 0 0 .133
ES-CD, Simple Endoscopic Score; TNF, tumor necrosis factor.
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Discussion
This is the first prospective study examining the

linical predictive value of mucosal healing in patients
ith CD in the era of the biologics and immunosuppres-

ants. This study is an extended follow-up study of our
arlier reported study comparing combined immunosup-
ressive treatment to conventional management (The
tep Up Versus Top Down Study) in treatment-naïve
arly CD patients.1 We hypothesized that patients achiev-
ng mucosal healing at the end of 2 years would have
etter outcomes in the subsequent 2 years (years 3�4).
e observed a clear statistical difference in remission

ates for the patients with complete mucosal healing as
ssessed by endoscopy 2 years after initiation of their first
herapy for CD. In addition, only 1 of 24 patients with

ucosal healing had a persistently active draining fistula.
n contrast to 5 of 22 patients with endoscopic activity
hat developed a new fistula or had persistent fistula
ctivity. Finally, more flares were seen in the group with
ndoscopic activity during the 2-year follow-up. No dif-
erence was observed in the number of hospitalizations
r major surgery in the 2 groups. This is probably due to
he limited sample size and/or duration of follow-up.
one of the other markers analyzed both at diagnosis

nd at year 2 was predictive for clinical remission in the
ext 2 years. Mucosal healing was a predictive marker

rrespective of the CDAI. CDAI at year 2 did not correlate
ith mucosal healing.
Two decades ago, Rutgeerts et al reported on the value

f an endoscopic score to predict recurrent CD after a
curative resection.”5,6 Similarly, there is now a growing
ody of evidence that endoscopic appearance may also be
f predictive value in “established disease.” Frøslie et al
eported that mucosal healing at 1 year predicted a de-
reased need for steroid therapy and less anal fistula
ctivity in a Norwegian population-based Inflammatory
owel Disease cohort.2 This study is a cohort study of a
opulation treated with corticosteroids and mesalamine,
efore immunosupressants and biologic therapy were
idely used in Norway and therefore probably reflects the
atural history of the disease.
With the advent of immunosuppressants, and espe-

ially anti-TNF therapy, mucosal healing rates increased
onsiderably.7,8 Emerging evidence suggests that these
herapies will not only reduce disease activity but also
ong-term complication rates. Following the A Crohn’s

isease Clinical Study Evaluating Infliximab in a New
ong Term Treatment Regimen (ACCENT-1) trial, pa-
ients with complete or near-complete endoscopic heal-
ng at week 54 were in remission for a median of 19 to 20
eeks following the final endoscopy, compared to only 4
eeks in patients without signs of healing.9 In the same

rial, patients with absence of ulcers had fewer operations
nd hospitalizations than patients without mucosal heal-
ng.10 A limitation of our current study is that medical

reatment was no longer standardized after termination C
f the initial study. However, median follow-up of our
atients in the formal trial beyond their 2-year endoscopy
as 19.2 months. During this period, treatments were

omparable among both groups with almost uniform
aintenance therapy with azathioprine. Better outcomes

n the mucosal healing group cannot be explained by the
ifference in medication use because use of infliximab
as lower in the mucosal healing group.
When we stratified patients with and without healing

ased upon their initial disease management (CM or
IS), we found no differences in clinical outcomes (data
ot shown), confirming that achieving mucosal healing is
he sole determining predicting factor and not the treat-

ent.
All Crohn’s medication could be stopped without flare

f the disease for 2 years in 3 patients in the mucosal
ealing group. These results are in agreement with recent
ndings of an early rheumatoid arthritis study in which
9% of patients treated with a combination of infliximab
nd methotrexate from the start were in remission and
ould stop all medication at 5 years’ follow-up.11

Mounting evidence on the efficacy and relative safety
f biologics and immunosupressants both as mono-
herapy and in combination are challenging the current
aradigm of “step-up” therapy guided by clinical success
r failure rather than by predictive markers.12 Recent
ata from the Study of Biologic and Immunomodulator
aive Patients in Crohn’s Disease (SONIC) trial have

onfirmed the superiority of combined immunosuppres-
ion achieving mucosal healing in early CD.13 Although
urrent use of biologics has changed to maintenance
herapy, our data, systematically and prospectively col-
ected in a well-defined cohort of treatment-naïve
rohn’s patients, support the strategy of aggressive in-
uction therapy, including biologic therapy (so-called
top down”) in early CD, with possibly subsequent step-
own therapy when complete mucosal healing is reached.
Future research should continue to explore the value

f mucosal healing. Stool markers, including calprotectin
nd lactoferrin, have been suggested as reliable noninva-
ive substitutes for endoscopy.14 Others have suggested
hat transmural healing might be a superior endpoint,
lthough correlations between mucosal and transmural
ealing have not yet been studied. In the future, novel

maging methods, such as computed tomography or
agnetic resonance imaging enterography/enteroclysis
ay prove to be superior. Clearly there is a compelling

eed to move beyond conventional management in
rohn’s therapy.
This prospective clinical study provides evidence that

omplete mucosal healing can lead to significantly higher
teroid-free remission rates through 2 years in patients
ith CD. Given that we have previously shown that
ucosal healing rates in the CIS group were higher, these

ata further support that a top-down approach in early

D can alter its disease course.
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