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ABSTRACT
Background and aims The Crohn’s Disease Activity
Index (CDAI) has been criticised due to heavy weighting
on subjective clinical symptoms. C-reactive protein (CRP)
and endoscopic lesions are objective measures of
inflammation. We investigated the relationships between
clinical disease activity, CRP normalisation and mucosal
healing in Crohn’s disease (CD).
Methods The Study of Biologic and Immunomodulator
Naive Patients in CD trial compared infliximab to
azathioprine and to infliximab plus azathioprine in 508
CD patients. Mucosal healing was defined as the
absence of mucosal ulceration at the week 26
ileocolonoscopy in a patient who had evidence of
ulceration at the baseline ileocolonoscopy.
Results 188 patients who had evaluable
ileocolonoscopy with evidence of mucosal ulceration at
baseline, CDAI scores and CRP values at baseline and
week 26 were analysed. Seventy-two of 136 patients
(53%) who had a CDAI<150 at week 26 achieved
mucosal healing, and 38 of 90 patients (42%) achieved
both CRP normalisation (CRP<0.8 mg/dL) and mucosal
healing while in clinical remission. The positive predictive
value (PPV) and negative predictive value (NPV) of CDAI
to detect mucosal healing using 150 as a cut-off for
CDAI were 65% and 53%, respectively. The PPV and
NPV of CDAI to detect mucosal healing and CRP
normalisation using 150 as a cut-off for CDAI were 79%
and 42%, respectively.
Conclusions Half the patients under azathioprine and/
or infliximab in clinical remission have endoscopic and/or
CRP evidence of residual active CD, whereas other
patients with endoscopic and CRP normalisation have
persistent clinical symptoms. Clinical symptoms as scored
by CDAI are not a reliable measure of the underlying
inflammation.

INTRODUCTION
Several clinical indices have been proposed to
assess disease activity in Crohn’s disease (CD),
including the CD Activity Index (CDAI) and the
Harvey-Bradshaw Index (HBI).1–3 The CDAI has
evolved as the gold standard for clinical trials.4

Although the CDAI may be adequate for measuring
disease activity in some circumstances, it has some
important limitations including the fact that
approximately 40% of the index is derived from
three subjective criteria (diarrhoea, abdominal pain

and sense of well-being) which account for 80% of
the responsiveness to change,2 while it does not
take into account the more objective measures of
inflammation (such as C-reactive protein (CRP) and
endoscopic lesions) in a disease which is by defin-
ition inflammatory in nature.
In 1991, Andre et al5 compared for the first time

the ability of 11 laboratory parameters, including
CRP, to reflect the degree of activity of CD and
found that CRP correlated significantly with clinical
status; this observation was later confirmed in a
prospective CD study by Cellier et al.6 By contrast,
in 2000, a study of CD patients under treatment
with prednisolone showed no correlation between
clinical symptoms as measured by the CDAI and

Significance of this study

What is already known on this subject?
▸ The Crohn’s Disease Activity Index (CDAI) is

heavily weighting on subjective clinical
symptoms.

▸ Crohn’s disease (CD) patients in clinical
remission may not achieve C-reactive protein
(CRP) normalisation and/or mucosal healing, as
previously demonstrated for steroids.

▸ The accuracy of CDAI to predict CRP
normalisation and/or mucosal healing is
unknown in CD.

What are the new findings?
▸ Half the patients with CD in clinical remission

have endoscopic and/or CRP evidence of
residual active CD.

▸ The accuracy of the CDAI to detect endoscopic
healing is low in patients with CD.

▸ Clinical symptoms as scored by CDAI are not a
reliable measure of the underlying
inflammation in CD.

How might it impact on clinical practice in
the foreseeable future?
▸ Our findings indicate that if achieving mucosal

healing is a treatment goal, then decisions
regarding medical therapy cannot be guided
solely by clinical symptoms.
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either biomarker disease activity as measured by CRP or endo-
scopic disease activity as measured by the CD Endoscopic Index
of Severity.7 In a prospective study including 121 CD patients,
the same study group GETAID later described a weak although
significant correlation between CDAI and CDEIS scores with a
0.26 (untransformed) correlation value (p<0.001).6 In 2006, an
endoscopic substudy from the ACCENT 1 trial of infliximab as
maintenance therapy for CD demonstrated that 18% of patients
with moderate to severe CD as measured by the CDAI had no
endoscopic evidence of active CD.8 Taken together, these data
suggest the need to further assess the relationships between clin-
ical symptoms of CD, as captured in clinical scores, and object-
ive signs of inflammation, such as CRP and ileocolonoscopy
findings, in order to better determine how CD activity should
be measured.

We therefore investigated the relationships between clinical
disease activity, normalisation of CRP, and mucosal healing
(MH) in CD using a large population of patients who were
included in the Study of Biologic and Immunomodulator Naive
Patients in CD (SONIC) trial and who prospectively had system-
atic evaluation of CD activity as measured by the CDAI, CRP
and ileocolonoscopy.

METHODS
The SONIC trial
The SONIC trial was a multicentre, randomised, double-blind,
active-controlled trial comparing infliximab to azathioprine and
to infliximab plus azathioprine in the treatment of patients with
CD naive to both immunomodulators and biologic therapy.9 A
detailed description of the study methods is reported else-
where.9 Briefly, subjects eligible for inclusion in this trial were
adult CD patients with moderate-to-severe disease (CDAI >220
and <450 who have had an inadequate response to one or
more conventional therapies (sulfasalazine, mesalamine, antibio-
tics, budesonide or oral corticosteroids).9

The primary efficacy endpoint was the proportion of patients in
clinical remission (CDAI<150) who had discontinued oral sys-
temic corticosteroids (eg, prednisone) at week 26 for at least
6 weeks and had not been taking budesonide at a dose higher than
6 mg/day for at least 6 weeks. Patients received study medication
through week 30 and could continue in a blinded study extension
through week 50. CDAI was measured at weeks 0 (baseline) 2, 6,
10, 18, 26, 34, 42 and 50. Ileocolonoscopy was performed, and
CRP was measured at baseline and week 26.9 MHwas a secondary
endpoint and was defined as the absence of mucosal ulceration at
ileocolonoscopy at week 26 in a patient who had evidence of
ulceration present at the baseline ileocolonoscopy, as assessed by
the study’s blinded central reader.9 The current retrospective ana-
lysis was not prespecified per SONIC protocol.

Statistical analysis
Our objective was to evaluate the positive (PPV) and negative
predictive values (NPV) of CDAI to detect endoscopic healing
(no ulcerations) and/or CRP normalisation (CRP<0.8 mg/dL,
equivalent to 8 mg/L). PPV and NPV were also expressed as
positive and negative predictive value factor (PPVF and NPVF).
For that purpose, we first evaluated the rates of CRP normalisa-
tion (CRP<0.8 mg/dL) and MH among the patients who had
evidence of mucosal ulceration at baseline and had evaluable
ileocolonoscopy and available CDAI and CRP values at week
26. We then used endoscopic activity and biological activity as a
reference to calculate the PPV and NPVof CDAI to detect endo-
scopic healing and/or biomarker remission using different
cut-offs for CDAI (50, 100, 150 and 220). Sensitivity, specificity
and overall accuracy, namely, the weighted average of sensitivity
and specificity, were also calculated. Overall accuracy is the
probability that an individual will be correctly classified by a
test; that is, the sum of the true positives plus true negatives
divided by the total number of individuals tested. Finally, the
area under the curve (AUC) was calculated using CDAI as a con-
tinuous variable.

Table 1 Baseline characteristics of the patients included (=188) or excluded (=320) from this post-hoc analysis

Characteristic Included in the present study (n=188) Excluded from the analysis (n=320) p Value* All patients (n=508)

Male sex—n (%) 94 (50.0) 168 (52.5) 0.586 262 (51.6)
White race—n (%) 163/188 (86.7) 272/320 (85.0) 0.145 435/508 (85.6)
Median age-year 34 34.5 0.49 34
Median body weight (kg) 68.9 71.5 0.194 70.2
Median disease duration (year) 2.29 2.2 0.618 2.26
Median C-reactive protein (CRP) (IQR)—mg/dL 1.4 0.9 0.209 1.1
CRP≥0.8 mg/dL—n (%) 118 (62.8) 177 (55.3) 0.062 295 (58.1)
Crohn’s disease activity index score, Mean (SD) 286.8 (52.5) 287.6 (59.2) 0.879 287.3 (56.7)
Gastrointestinal area involved n/total n (%)

Ileum or colon 185/188 (98.4) 315/320 (98.4) 500/508 (98.4)
Colon only 50/185 (27.0) 68/315 (21.6) 0.007 118/500 (23.6)
Ileum only 49/185 (26.5) 127/315 (40.3) 176/500 (35.2)
ileum and colon 86/185 (46.5) 120/315 (38.1) 206/500 (41.2)
Upper gastrointestinal tract 12/188 (6.4) 23/320 (7.2) 0.73 35/508 (6.9)

Systemic Corticosteroids—n (%)
0 131 (69.7) 238 (74.4) 0.311 369 (72.6)
<20 mg 22 (11.7) 257.8) 47 (9.3)
≥20 mg 35 (18.6) 57 (17.8) 92 (18.1)

Use of budesonide—n (%) 21 (11.2) 51 (15.9) 0.137 72 (14.2)
5-Aminosalicylic compounds—n (%) 106 (56.4) 170 (53.1) 0.477 276 (54.3)
History of bowel resections—n (%) 40 (21.3) 65 (20.3) 0.796 105 (20.7)

*p Values for all categorical variables are based on a two-sided χ2 test. p Values for continuous variables are based on analysis of variance on the van der Waerden normal scores.
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Regarding comparison of baseline characteristics between
patients included and excluded from this analysis, p values for
all categorical variables are based on a two-sided χ2 test.
p Values for continuous variables are based on analysis of vari-
ance on the van der Waerden normal scores. Correlations
between CDAI scores and CRP levels were analysed using the
Pearson correlation coefficient.

Statistical analyses were performed using MedCalc software,
V.11.6.1.0 (MedCalc Software, Belgium).

RESULTS
Study population
A total of 188 patients who had evidence of mucosal ulcerations
at baseline and had evaluable ileocolonoscopy and available
CDAI and CRP values at week 26 were included in the analysis
(table 1). A total of 118 patients had CRP >0.8 mg/dL and evi-
dence of mucosal ulceration at baseline and had evaluable ileo-
colonoscopy available CDAI and CRP values at week 26.

Baseline characteristics of the 188 patients included in this
posthoc analysis were largely comparable with those of the 320
patients who were not included, as well as to the whole SONIC
patient population (table 1). The reasons for exclusion of 320
SONIC patients from this analysis are summarised in table 2. It
is noteworthy, however, that less included, compared with non-
included patients, had only ileal disease (26.5% vs 40.3%), and
baseline CRP was elevated in more included than nonincluded
patients (62.8% vs 55.3%). The proportion of patients with

previous bowel resection was comparable between the included
and the nonincluded patient groups (21.3% and 20.3%, respect-
ively) (table 1).

MH status according to clinical disease activity at week 26
Of the 188 patients with mucosal ulcerations at baseline, 90
(48%) achieved MH (table 3). More patients with CD duration
≤2 years showed MH at week 26 compared with patients with
>2 years disease duration (p=0.031) (table 3).

Furthermore, a greater proportion of patients without previ-
ous bowel surgery were in clinical remission, had MH, and were
in remission with MH compared with those with previous
bowel resection(s) (table 4).

Of these 188 patients, 136 (72%) were in clinical remission at
week 26. A total of 72 out of 136 patients (53%) in clinical
remission achieved MH at week 26 (table 5). More patients
with CD duration ≤ 2 years showed MH while being in clinical
remission at week 26 compared with patients with >2 years
disease duration (p=0.037) (table 3). Among the 52 patients
(27.7%) who had active disease (CDAI≥150) at week 26, 18
patients (34.6%) had MH (table 5). The NPVF and PPVF of
CDAI to detect MH (no ulcerations) using 150 as a cut-off for
CDAI were 1.73 and 1.22, respectively; sensitivity and specifi-
city were 80% and 34.7%, respectively. The overall accuracy
was 56.4% (table 6).

Of the 188 patients, only 27 (14%) had moderate to severe
disease (CDAI >220) at week 26 (table 5). A total of 8 out of
those 27 patients (30%) achieved MH at week 26. Among the
161 patients (86%) who had CDAI <220 at week 26, 82
patients (51%) had MH (table 5). The NPVF and PPVF of
CDAI to detect MH (no ulcerations) using 220 as a cut-off for
CDAI were 2.18 and 1.13 respectively; sensitivity and specificity
were 91.1% and 19.4%, respectively. The overall accuracy was
53.7% (table 6). When considering 50 and 100 as cut-offs for
CDAI, a decrease in NPVF was observed without any significant
impact on PPVF (table 6). The AUC for detecting MH was
0.568 (figure 1).

We also explored the disconnect between clinical symptoms
and MH rates according to each treatment arm (azathioprine
alone, combination therapy, and infliximab alone) among those
with a CDAI 100 points decrease from baseline (see online sup-
plementary table 1) and among patients in clinical remission at
week 26 (see online supplementary table 2).

CRP normalisation according to clinical disease activity
at week 26
Of the 118 patients with CRP >0.8 mg/dL at baseline, 69
(58.5%) had CRP normalisation (table 3). Of the 118 patients,

Table 2 Reasons for excluding 320 patients from this posthoc
analysis (n)

Assessed for eligibility 817
Enrolled in SONIC 508
Received treatment 492
Lost to follow-up 12
Discontinued treatment 190
Included in this analysis 188
Excluded because
No baseline endoscopy 30
No baseline ulceration 93
Baseline endoscopy unable to read 60
Week 26 endoscopy outside window 16
No week 26 endoscopy 85
Week 26 endoscopy unable to read 25
No week 26 CDAI or CRP 11

CDAI, Crohn’s disease activity index; SONIC, Study of Biologic and Immunomodulator
Naive Patients in Crohn’s Disease.

Table 3 Outcomes measures at week 26 for all included patients and for patients with ≤2 and >2 years of disease duration

Outcome measure at week 26 n/ total n (%) All CD patients CD ≤2 years CD >2 years p Value*

CDAI<150 136/188 (72.3) 66/87 (75.9) 70/101 (69.3) 0.316
MH 90/188 (47.9) 49/87 (56.3) 41/101 (40.6) 0.031
CRP 69/118 (58.5) 36/59 (61.0) 33/59 (55.9) 0.575
MH+CDAI<150 72/136 (52.9) 41/66 (62.1) 31/70 (44.3) 0.037
CRP+CDAI<150 59/90 (65.6) 32/45 (71.1) 27/45 (60.0) 0.267
CRP+MH 44/118 (37.3) 24/59 (40.7) 20/59 (33.9) 0.446
CRP+MH+CDAI<150 38/90 (42.2) 22/45 (48.9) 16/45 (35.6) 0.200
CRP or MH+CDAI<150 67/90 (74.4) 36/45 (80.0) 31/45 (68.9) 0.227

*χ2 test.
CD, Crohn’s disease; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; MH, mucosal healing.
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90 (76%) were in clinical remission at week 26. A total of 59
out of 90 patients (66%) were in clinical remission and had
CRP normalisation at week 26; the proportion of CD patients
with CRP normalisation while in clinical remission was not dif-
ferent for patients with ≤ or >2 years disease duration
(p=0.267) (table 3).

Among the 28 patients who had active disease (CDAI ≥150) at
week 26, 10 patients (55.5%) had CRP normalisation (table 7).
The NPVF and PPVF of CDAI to detect CRP normalisation were
2.53 and 1.35, respectively; sensitivity and specificity were
85.5% and 36.7%, respectively. The overall accuracy was 65.2%
(table 8).

Using 220 as a cut-off for CDAI was associated with a
decrease in both NPVF and PPVF (table 8). When considering
50 and 100 as cut-offs for CDAI, a decrease in NPVF together
with an increase in PPVF were observed (table 8). The AUC for
detecting CRP normalisation was 0.652 (figure 2).

Baseline CDAI and CRP levels in patients with elevated CRP
were not correlated (Pearson correlation coefficient of 0.123;
p=0.182; n=118), whereas, both markers were correlated at
week 26 (Pearson correlation coefficient of 0.395; p<0.001;
n=118). Changes in CDAI and CRP from baseline at week 26
were also correlated (Pearson correlation coefficient of 0.329;
p=0.0003; n=118).

MH and CRP normalisation according to clinical disease
activity at week 26
Of the 118 patients with CRP >0.8 mg/dL and evidence of
mucosal ulceration at baseline, 44 (37.3%) had CRP normalisa-
tion and MH (tables 3 and 4). Of the 118 patients, 90 (76%)
were in clinical remission at week 26. A total of 38 out of 90
patients (42%) had CRP normalisation and MH, while in clin-
ical remission at week 26; the proportion of CD patients with
CRP normalisation and MH while in clinical remission was not

different for patients with ≤ or >2 years disease duration
(p=0.200) (table 3). Among the 28 patients who had active
disease (CDAI ≥150) at week 26, only 6 patients (21.4%) had
CRP normalisation and MH (see online supplementary table 3).
The NPVF and PPVF of CDAI to detect CRP normalisation and
MH were 2.18 and 1.23, respectively; sensitivity and specificity
were 86.4% and 29.7%, respectively. The overall accuracy was
50.8% (see online supplementary table 4).

Using 220 as a cut-off for CDAI was associated with a
decrease in both NPVF and PPVF (see online supplementary
table 4). A decrease in NPVF was observed when considering
50 and 100 as cut-offs for CDAI, together with an increase in
PPVF when using 100 as a cut-off for CDAI (see online supple-
mentary table 4). The AUC for detecting CRP normalisation
and MH was 0.609 (figure 3).

MH and/or CRP normalisation according to clinical disease
activity at week 26
Of the 118 patients with CRP >0.8 mg/dL and evidence of
mucosal ulceration at baseline, 81 (69%) had CRP normalisation
and/or MH (see online supplementary table 3). Of the 118
patients, 90 (76%) were in clinical remission at week 26. A total
of 67 out of 90 patients (74%) had CRP normalisation and/or
MH at week 26 while in clinical remission (tables 3 and 4).
Among the 28 patients who had active disease (CDAI ≥150) at
week 26, 14 patients (50%) had CRP normalisation and/or MH
(see online supplementary table 5). The NPVF and PPVF of
CDAI 150 to detect CRP normalisation and/or MH were 2.18
and 1.23, respectively; sensitivity and specificity were 82.7% and
37.8%, respectively. The overall accuracy was 68.6% (see online
supplementary table 6). Using 220 as a cut-off for CDAI was
associated with a decrease in both NPVF and PPVF (see online
supplementary table 6). A decrease in NPVF was observed when
considering 50 and 100 as cut-offs for CDAI, together with an

Table 4 Outcomes measures at week 26 for all included patients and for patients with or without a history of intestinal resection(s) at
baseline

Outcome measure at week 26 n/total n (%) All CD patients No history of Bowel resections History of bowel resection(s) p Value*

CDAI<150 136/188 (72.3) 115/148 (77.7) 21/40 (52.5) 0.002
MH 90/188 (47.9) 78/148 (52.7) 12/40 (30.0) 0.011
CRP 69/118 (58.5) 57/99 (57.6) 12/19 (63.2) 0.651
MH+CDAI<150 72/136 (52.9) 65/115 (56.5) 7/21 (33.3) 0.050
CRP+CDAI<150 59/90 (65.6) 53/80 (66.3) 6/10 (60.0) 0.695
CRP+MH 44/118 (37.3) 38/99 (38.4) 6/19 (31.6) 0.574
CRP+MH+CDAI<150 38/90 (42.2) 35/89 (43.8) 3/10 (30.0) 0.407
CRP or MH+CDAI<150 67/90 (74.4) 60/80 (75.0) 7/10 (70.0) 0.733

*χ2 test.
CD, Crohn’s disease; CDAI, Crohn’s disease activity index; CRP: C-reactive protein; MH, mucosal healing.

Table 5 Mucosal healing status according to CDAI cut-offs at week 26

CDAI
week 26
cut-off

True positive
(CDAI<cut-off and
mucosal healing)

False negative
(CDAI ≥ cut-off and
mucosal healing)

Prevalence of
mucosal healing
(%)

False positive
(CDAI<cut-off and no
mucosal healing)

True negative
(CDAI ≥ cut-off and no
mucosal healing)

Prevalence of no
mucosal healing
(%)

<50 22 68 49 23 75 51
<100 51 39 53 45 53 47
<150 72 18 53 64 34 47
<220 82 8 51 79 19 49

CDAI, Crohn’s disease activity index
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increase in PPVF when using 100 as a cut-off for CDAI and a
decrease in PPVF when using 50 as a cut-off for CDAI (see
online supplementary table 6). The AUC for detecting CRP nor-
malisation and/or MH was 0.606 (see web figure 1).

DISCUSSION
An early pivotal prospective study of 121 patients with CD
reported on correlations of 11 biological markers with clinical
disease activity as measured by CDAI and endoscopic severity as
measured by CDEIS.6 Only weak correlations were found, and
the authors concluded that Crohn’s clinical disease activity
seemed to be virtually independent of the severity of the
mucosal lesions and biological activity.6 Clinical indices, such as
the CDAI and HBI are still used to evaluate efficacy of various
therapeutic agents in CD clinical trials. While clinical symptoms,
including diarrhoea and abdominal pain, are frequently used to
measure disease activity in patients with CD, they are limited by
their subjective and non-specific nature. Our study adds import-
ant and new quantification to the disconnect between CD clin-
ical symptoms as measured by CDAI and the endoscopic

mucosal appearance and CRP levels by using a large prospect-
ive, well-defined subpopulation of the SONIC trial.

Mucosal lesions and biomarkers, such as CRP, are objective
markers of inflammation. They are now increasingly used as
entry criteria in clinical trials in patients with CD to reduce the
magnitude of the placebo effect by increasing the likelihood that
the patients’ symptoms are truly related to inflammation. In the
SONIC study, week 26 corticosteroid-free remission rates were
higher in patients with endoscopic lesions at baseline and/or
baseline elevated CRP, showing that targeting the objective signs
of inflammation rather than symptoms is beneficial in CD
patients treated with infliximab.9 Current therapeutic strategies
aiming at inducing and maintaining clinical remission have
failed to modify the course of CD when considering avoidance
of surgery as a surrogate treatment endpoint.10 Accumulating
evidence indicates that achieving MH may change the natural
course of the disease by decreasing the need for surgery and
reducing hospitalisation rates in CD.11 MH is now recognised
as a potential new therapeutic goal in CD, both in clinical
trials12 and to a lesser degree in clinical practice. The concept of
‘deep remission’, including clinical, biomarker and endoscopic

Table 6 Accuracy of CDAI to predict mucosal healing at week 26

CDAI week 26
cut-off

Sensitivity
(%)

Specificity
(%)

Overall
accuracy (%)

Positive predictive
value factor

Negative predictive
value factor

Positive predictive
value

Negative
predictive value

<50 24.4 76.5 51.6 1.04 1.01 0.49 0.52
<100 56.7 54.1 55.3 1.23 1.25 0.53 0.58
<150 80.0 34.7 56.4 1.22 1.73 0.53 0.65
<220 91.1 19.4 53.7 1.13 2.18 0.51 0.70

CDAI, Crohn’s disease activity index.

Figure 1 Area under the curve (AUC)
using Crohn’s Disease Activity Index
(CDAI) as a continuous variable for
detecting mucosal healing (receiver
operating characteristic (ROC) analysis).
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remission, is also emerging as a new treatment goal in CD, but
requires much more investigation.

In this context, the ability of clinical disease activity indices
to predict biomarker and endoscopic healing in patients with
CD is receiving increasing attention. In these posthoc analyses
from the SONIC trial, approximately half of all CD patients
in clinical remission had endoscopic and/or biomarker evi-
dence of residual active CD, and one-fifth of patients with

endoscopic and biomarker remission had persistent clinical
symptoms.

We were able to demonstrate that the accuracy of the CDAI
to detect endoscopic healing was relatively low in patients with
CD, irrespective of the CDAI cut-off level. Our results show
that the proportion of patients with CD who are correctly iden-
tified as having MH is low using the CDAI as a marker of
disease activity. Hence, our findings indicate that if achieving

Table 7 CRP normalisation according to CDAI cut-offs at week 26

CDAI
week 26
cut-off

True positive
(CDAI<cut-off and
CRP<0.8 mg/dL)

False negative
(CDAI≥cut-off and
CRP<0.8 mg/dL)

Prevalence of CRP
normalisation (%)

False positive
(CDAI<cut-off and
CRP≥0.8 mg/dL)

True negative
(CDAI≥cut-off and
CRP≥0.8 mg/dL)

Prevalence of no
CRP normalisation
(%)

<50 22 47 71 9 40 29
<100 48 21 71 20 29 29
<150 59 10 66 31 18 34
<220 64 5 61 41 8 39

CDAI, Crohn’s disease activity index; CRP, C-reactive protein.

Table 8 Accuracy of CDAI to predict CRP normalisation at week 26

CDAI week 26
cut-off

Sensitivity
(%)

Specificity
(%)

Overall
accuracy (%)

Positive predictive
value factor

Negative predictive
value factor

Positive predictive
value

Negative
predictive value

<50 31.9 81.6 52.5 1.74 1.20 0.71 0.46
<100 69.6 59.2 65.2 1.70 1.94 0.71 0.58
<150 85.5 36.7 65.2 1.35 2.53 0.66 0.64
<220 92.8 16.3 61.0 1.11 2.25 0.61 0.61

CDAI, Crohn’s disease activity index; CRP, C-reactive protein.

Figure 2 Area under the curve (AUC)
using Crohn’s Disease Activity Index
(CDAI) as a continuous variable for
detecting C-reactive protein (CRP)
normalisation (receiver operating
characteristic (ROC) analysis).
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MH is a treatment goal, then decisions regarding medical
therapy cannot be guided solely by clinical symptoms. The sen-
sitivity of CDAI to detect MH was reasonably good, with values
of 80% and 91.1% using the 150 or 220 cut-offs for CDAI,
respectively. However, the specificity was low (34.7% and
19.4%, respectively). Using MH and/or biomarker remission to
calculate the performance of CDAI only slightly improved sensi-
tivity. More interestingly, the use of a CDAI score of 50 or 100
dramatically increased the specificity of the CDAI, but at the
cost of sensitivity to detect endoscopic and/or biomarker remis-
sion. In all analyses, the overall accuracy was modest, thus con-
firming that CDAI is not an accurate marker to detect
persistence of endoscopic and/or biomarker disease activity.

Several retrospective studies from referral centre-based
cohorts have assessed the prevalence and severity of mucosal
inflammation in inflammatory bowel disease patients in clinical
remission who underwent surveillance colonoscopy.13 14 In one
study, among 46 patients with CD in clinical remission, 12
(27%) had both endoscopic and histologic activity.13 However,
due to small sample size and the lack of routine use of a clear
definition of clinical remission in clinical practice, these findings
remain difficult to interpret. Furthermore, the relationship
between CRP concentrations and clinical and endoscopic activ-
ity could not be evaluated in this study.14

The main strength of our study is the use of a well-defined popu-
lation included in a large randomised, controlled trial using pro-
spective standardised evaluation of clinical, biomarker and
endoscopic disease activity. This posthoc analysis was not prespeci-
fied, and the number of included patients is only a fraction of the
total SONIC patient population (188/508). We compared the char-
acteristics of included and non-included patients; more included
patients had baseline-elevated CRP and some differences regarding
disease localisation. Systemic corticosteroid use, however, was not

different. Although the patients included in SONIC had a short
median disease duration of 2.2 years, we investigated the effect of
disease duration on clinical, endoscopic and biological outcome
measures. Clinical remission rate and rate of CRP normalisation
were not different between patients with ≤ or >2 years disease dur-
ation; the rate of MH, however, was different between these sub-
groups (p=0.031), and the proportion of patients with MH while
in remission was also different (p=0.037), thus indicating that MH
is easier to achieve in early CD.

A possible limitation of our study is the lack of cross-sectional
imaging studies using CT or MRI enterography which can reveal
inflammatory lesions in intestinal segments not accessible by ileo-
colonoscopy, or in which the lesions are primarily intramural.
Indeed, ileocolonoscopy examination can miss CD of the terminal
ileum, because the disease can skip the distal ileum, or is confined
to the intramural portion of the bowel wall and the mesentery.15

Also, the possible presence and change of upper gastrointestinal
CD lesions was not assessed in the SONIC trial.

Of note, we found that CDAI scores and CRP levels were cor-
related at week 26. In a posthoc analysis of the SONIC trial,
Ferrante et al16 found a good correlation between ΔCDEIS and
ΔSES-CD (Pearson’s r=0.89, p<0.0001), but a modest correl-
ation between ΔCDEIS and ΔCDAI (r=0.22, p=0.0045),
ΔCDEIS and ΔCRP (r=0.27, p=0.0004), ΔSES-CD and ΔCDAI
(r=0.27, p=0.0003), ΔSES-CD and ΔCRP (r=0.28, p=0.0002).

In conclusion, clinical symptoms of CD, as measured by the
CDAI, do not accurately predict endoscopic and/or biomarker
remission among patients under azathioprine and/or infliximab.
Objective outcome measures of CD activity, in addition to
evaluation of clinical symptoms, would be needed in disease
modification trials aiming at changing the natural history of CD.
Prospective studies are needed to identify the best target(s) of
CD treatment.

Figure 3 Area under the curve (AUC)
using Crohn’s Disease Activity Index
(CDAI) as a continuous variable for
detecting mucosal healing and
C-reactive protein (CRP) normalisation
(receiver operating characteristic (ROC)
analysis).
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