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KEYWORDS Abstract

C-reactive protein; Background/aims: Endoscopy is the gold standard for assessing disease severity in inflammatory
Crohn’s disease; bowel disease (IBD), although it is an invasive procedure. Biological markers have been routinely
Endoscopic activity; used as a non-invasive means of determining disease activity. The aim of this study was to
Mucosal healing; determine the correlation between common biological markers and endoscopic activity in IBD.
Ulcerative colitis Methods: Consecutive patients with IBD were included. Serum concentrations of different

biomarkers (C-reactive protein [CRP], orosomucoid [ORM], erythrocyte sedimentation rate
[ESR], fibrinogen, platelets, leukocytes, neutrophils and hemoglobin [Hb]) were measured, and
their accuracy in detecting endoscopic activity was determined.

Results: Eighty patients were included (mean age 46 years, 53% Crohn’s disease), 70% with endo-
scopic activity. Among Crohn’s disease patients, 24% had mild endoscopic activity, 12% moderate
activity and 39% severe activity. Among ulcerative colitis patients, 35% had an endoscopic Mayo
score of 0-1 points, 30% 2 points and 35% 3 points. None of the biomarkers included had a
good correlation with endoscopic activity (Area Under the ROC curve [AUC] <0.70) in ulcerat-
ive colitis. ORM, fibrinogen and platelets had the best accuracy to detect endoscopic activity
in Crohn’s disease (AUC: 0.80-0.085). A sub-analysis in postoperative Crohn’s disease patients
found no correlation between endoscopic recurrence and biomarkers (AUC <0.70).
Conclusion: Serological biomarkers, including CRP, have low accuracy to detect endoscopic
activity in ulcerative colitis and postoperative Crohn’s disease. ORM, fibrinogen and platelets
have the best accuracy to detect endoscopic activity in Crohn’s disease.
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Correlacién entre los marcadores biolégicos y la actividad endoscépica en pacientes
con enfermedad inflamatoria intestinal

Resumen

Antecedentes/objetivos: La endoscopia es el criterio de referencia para evaluar la severidad
en la enfermedad inflamatoria intestinal (Ell), aunque es un procedimiento invasivo. Se han
utilizado rutinariamente marcadores biologicos como medios no invasivos para determinar la
actividad de dicha enfermedad. El objetivo de este estudio fue el de determinar la correlacion
entre los marcadores biologicos comunes y la actividad endoscopica en la Ell.

Métodos: Se incluyo a pacientes consecutivos con Ell. Se midieron las concentraciones séricas de
los diferentes marcadores (proteina C reactiva, proteina orosomucoide, indice de sedimentacion
de eritrocitos, fibrindgeno, plaquetas, leucocitos, neutrofilos y hemoglobina) y se determiné su
precision en la deteccion de la actividad endoscépica.

Resultados: Se incluyo a 80 pacientes (edad media de 46 aios, el 53% con enfermedad de Crohn),
el 70% de ellos con actividad endoscopica. Entre los pacientes con enfermedad de Crohn, el 24%
tenia una actividad endoscopica leve, el 12% moderada y el 39% una actividad severa. Entre los
pacientes con colitis ulcerosa, el 35% tenia un indice de Mayo de 0-1 puntos, el 30% de 2 puntos
y el 35% de 3 puntos. Ninguno de los biomarcadores incluidos reflejo una buena correlacion con
la actividad endoscopica (area bajo la curva ROC <0,70) en los casos de colitis ulcerosa. Los
valores de proteina orosomucoide, fibrindgeno y plaquetas reflejaron la mejor fiabilidad para
la deteccion de la actividad endoscopica en la enfermedad de Crohn (area bajo la curva ROC
0,80-0,085). Un subanalisis postoperatorio realizado a los pacientes con enfermedad de Crohn
no reflejo relacion alguna entre la recidiva endoscopica y los biomarcadores (area bajo la curva
ROC<0,70).

Conclusion: Los biomarcadores séricos, incluyendo la proteina C reactiva, son poco fidedignos
en los casos de colitis ulcerosa y enfermedad de Crohn postoperatoria. Los valores de pro-
teina orosomucoide, fibrindgeno y plaquetas son mas precisos para la deteccion de la actividad

endoscopica en la enfermedad de Crohn.
© 2016 Elsevier Espana, S.L.U., AEEH y AEG. Todos los derechos reservados.

Introduction

Inflammatory bowel diseases (IBDs), Crohn’s disease (CD)
and ulcerative colitis (UC), are chronic entities with a char-
acteristic course including asymptomatic and active periods.
Symptoms may vary from mild to severe abdominal pain or
diarrhea, but these symptoms can be due to other processes:
infectious diarrhea, irritable bowel syndrome, etc. Thus, the
assessment of disease activity can be sometimes challenging
if it is based only on clinical presentation.

Ileocolonoscopy is the gold standard to determine dis-
ease activity in IBD, although it is an invasive procedure." It
has already been proven that there is a lack of concordance
between clinical activity, on the one hand, and serological®
or endoscopic activity,> on the other. Serological markers
have been routinely used to determine disease activity in
a non-invasive manner, but there is no proven evidence of
their accuracy to assess endoscopic activity in IBD.

Due to the importance of mucosal healing, colonoscopy
and cross-sectional imaging are proposed to guide the
follow-up of IBD patients to adequately assess the pres-
ence of inflammation. However, colonoscopy is an invasive
procedure, and both cross-sectional imaging and endoscopy
are expensive and time consuming. For this reason, it
would be useful to find indirect non-invasive markers that
correlate with endoscopic activity. They might help to iden-
tify patients who should undergo an additional diagnostic

(invasive or expensive) procedure and, accordingly, they
could guide treatment decisions.*

Most of the serological biomarkers that have been pre-
viously evaluated are acute phase reactants, and therefore
they can be elevated in the presence of multiple processes,
including those with an extra-digestive origin. On the other
hand, these biomarkers are inexpensive, easy to perform
and non-invasive, what make them an attractive potential
tool to assess disease activity in a daily practice setting.
Nonetheless, several studies tried to evaluate the accuracy
of serological biomarkers to determine endoscopic activity
with confusing results, and only some studies have compared
different biological markers in the same study population.

The aim of this study was to determine the corre-
lation between common biological markers [C reactive
protein (CRP), orosomucoid, erythrocyte sedimentation rate
(ESR), fibrinogen, platelets, leukocytes, neutrophils and
hemoglobin] and endoscopic activity in IBD patients.

Methods

Study subjects

In this retrospective study, the study sample comprised 80
patients followed-up at the IBD Unit from a single hospi-
tal, including CD and UC, who underwent an ileocolonoscopy
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between January 2010 and June 2011, and who had a sero-
logical determination within one month from the endoscopy.
CD patients with ileal disease lacking an ileoscopy were eval-
uated with a magnetic resonance enterography (MRE). We
defined UC and CD characteristics and location according
to the Montreal classification.’ The local Ethics Committee
approved our protocol. Informed consent was obtained from
all the patients.

Inclusion criteria

(1) Diagnosis of IBD (established by standard clinical, radio-
graphic, endoscopic, and histological criteria). (2) Patients
with an endoscopic assessment of disease activity.

Exclusion criteria

(1) Absence of serological or endoscopic evaluation. (2) CD
patients with ileal disease without ileoscopy or MRE. (3)
Patients with a serological determination separated more
than one month from endoscopy.

Data collection

Data collected included sex, age, location, extraintestinal
manifestation, disease behavior (inflammatory, stenosing or
fistulizing) and previous surgery.

Laboratory data included were hemoglobin, platelets,
leukocytes, neutrophils, CRP, orosomucoid, ESR and fibrino-
gen.

The endoscopic activity was determined according to
the endoscopist criteria in CD patients; in CD patients with
previous intestinal surgical resection the Rutgeerts score
was used, and for UC patients the endoscopic activity was
defined according to the endoscopic Mayo score (UC-DAI). A
single expert radiologist evaluated the presence or absence
of radiological activity in MRE.

Definitions

Laboratory abnormalities: All the laboratory parameters
were defined as normal or increased according to our
laboratory cut-off points: CRP>0.08 mg/l; ESR>20mm/h;
orosomucoid >125mg/dl; fibrinogen>500mg/dl; leuko-
cytes > 12,000/mm?3; neutrophils >7500/mm3; platelets>
400,000/ mm?; hemoglobin < 12 g/dl for women and <13 g/dl
for men.

Endoscopic activity: The endoscopic activity in UC was
classified as follows: no endoscopic activity (UC-DAI<2),
moderate endoscopic activity (UC-DAI=2) and severe endo-
scopic activity (UC-DAI =3). We determined the endoscopic
activity in CD according to the endoscopist criteria as mild,
moderate and severe activity, based on the typical findings
such as aphthous lesions, nodularity, erythema, ulcerations,
stenosis and extension of activity. To define postoperative
CD recurrence we selected a Rutgeerts score of i2 or more
as indicative of active disease.

Radiological activity: MRE activity was determined by the
radiologist criteria and classified just as active or inactive
acute disease, based on the standard criteria: thickening
of the bowel wall, contrast enhancement, mucosal ulcera-
tion or edema, hyperemia of the vasa recta (comb sign) and

Table 1 Characteristics of the study population (N =380).
Age (in years) (SD) 46 (15)
N %
Male/female 44/36 55/45
CcD/UcC 43/37 54/46
Endoscopic activity 56 70
Endoscopic disease severity
CD inac- 11/10/5/17 25/23/12/40
tive/mild/moderate/severe
UC-DAI: 0-1 point/2 13/11/13 35/30/35
points/3 points
Postoperative CD 11 73
recurrence (N=15)
Endoscopic activity in previously resected Crohn’s
disease patients
Rutgeerts 4/2/0/9 27/13/0/60
i0-1/i2/i3/i4

SD: standard deviation; CD: Crohn’s disease; UC: ulcerative col-
itis; UC-DAI: endoscopic Mayo score.

mesenteric adenopathy or edema. Activity on a MRE was
considered equal to ileal endoscopic activity.

No changes in treatment were made between serological
and endoscopic evaluations.

Statistical methods

The mean + standard deviation was calculated for quanti-
tative variables. Quantitative values were compared by use
of Student’s test. Qualitative values were compared by use
of chi-squared test. P values were considered statistically
significant if less than or equal to 0.05. The accuracy of
each biomarker was assessed by the area under the ROC
(Receiver Operating Characteristic) curve (AUC). The best
cut-off value for each biomarker was identified; for it, sen-
sitivity, specificity, positive predictive value and negative
predictive value were calculated. We considered the AUC as
excellent, good, fair, poor or failed according to Kleinbaum’s
definition.®

Results

Study population

A total of 80 patients diagnosed with IBD were included.
The mean age was 46 years (range 18-82 years) and the
mean time of evolution of the disease was 3 years. Fifty-five
percent of all patients were male and 54% had CD. The char-
acteristics of the patients included in the study are shown
in Table 1.

Twenty percent of patients with UC had a proctitis, 45%
had left side colitis and 35% had a pancolitis. The most
frequent location in CD was ileocolic (45%), and 30% had
ileal disease. The CD behavior was inflammatory in 55% of
patients, stenosing in 20% and fistulizing in 25%.
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Table 2 Comparison of the different mean values of serological biomarkers in Crohn’s disease patients with and without activity

at endoscopy.

Biomarker Patients without endoscopic activity Patients with endoscopic activity P

C reactive protein 0.25 + 0.37mg/l 4.2 +£ 7.6mg/l <0.05
Erythrocyte sedimentation rate 23 £ 17mm/h 30 + 22mm/h n.s.
Orosomucoid 75 + 22 mg/dl 143 + 76 mg/dl <0.01
Fibrinogen 364 + 61 mg/dl 501 + 159 mg/dl <0.01
Leukocytes 5649 + 1721/ml 7836 + 3031/ml <0.05
Neutrophils 3092 + 1139/ml 5000 + 2158/ml <0.05
Platelets 234 + 101 103/ml 319 + 109 x 103/ml <0.01
Hemoglobin 13 + 1.5g/dl 11.9 + 2g/dl <0.01

n.s.: not statistically significant.

Seventy percent of patients had endoscopic activity.
CD patients had mild endoscopic activity in 24% of cases,
moderate disease in 12%, and 39% of patients had severe
endoscopic activity. Fifteen patients with ileal CD were eval-
uated by MRE. In UC, patients had no activity, moderate and
severe endoscopic activity in 35%, 30% and 35% of cases,
respectively.

Serological biomarkers

When comparing the mean values of the serological mark-
ers between patients with and without endoscopic activity,
we did not find statistically significant differences in UC
patients. By contrast, in CD patients without previous surgi-
cal resection, serological markers had higher mean values in
the group with endoscopic activity, being these differences
statistically significant for CRP, orosomucoid, fibrinogen,
leukocytes, neutrophils and platelets (Table 2).

The serological biomarkers accuracy - assessed by the
AUC, sensitivity, specificity and positive and negative pre-
dictive values - for determining endoscopic activity in both
CD and UC are shown in Tables 3 and 4. We performed a
sub-analysis of the postoperative CD patients who had an
ileoscopy (N=15; Table 5). None of the biomarkers included
had a good correlation with endoscopic activity (AUC <0.70)
in UC. Similar results were obtained for postsurgical recur-
rence in CD (AUC<0.7), with the exception of neutrophils
(AUC=0.76). Orosomucoid, fibrinogen, platelets and CRP

had the best accuracy for the detection of endoscopic activ-
ity in CD (AUC 0.80-0.85, Fig. 1).

Discussion

Our study evaluated the diagnostic accuracy of serologi-
cal biomarkers to determine the endoscopic activity in CD
and UC patients. In general, we found a better correlation
between endoscopic activity and serological biomarkers in
CD than in UC. Orosomucoid, fibrinogen and platelets had
the best AUC in CD patients: 0.85, 0.81 and 0.80, respec-
tively. The diagnostic accuracy of the serological biomarkers
in UC patients was bad, as none of them had an AUC>0.7.
In postoperative CD patients, as expected, our results were
also disappointing: all of them had an AUC<0.7, with the
exception of neutrophils (AUC=0.76). However, neutrophils
can be altered by treatment (thiopurines, corticosteroids),
by concomitant infection or by concomitant hematological
diseases, which limits its reliability.

Nowadays, the aim of IBD treatment is, increasingly,
mucosal healing,”® as it is associated with better out-
comes: lower hospitalization rate,”-® lower bowel resection
and colectomy rates,’ """ decreased use of corticoids,'? sus-
tained clinical remission'" "> and decreased risk of colorectal
cancer.' Of note, there is no validated definition of mucosal
healing to date.* We defined mucosal healing based on
previous studies,’>'® and we admitted the absence of vas-
cular pattern and some erythema as no activity in UC
(UC-DAI=0 and 1). In CD, mucosal healing was defined as

Table 3 Diagnostic accuracy of the serological biomarkers for detecting active disease at endoscopy in Crohn’s disease without
surgical resection.

Biomarker AUC Best cut-off point Se (%) Sp (%) PPV (%) NPV (%)
Orosomucoid 0.85 119.5mg/dl 57 100 100 43
Fibrinogen 0.81 457 mg/dl 65 100 100 46
Platelets 0.80 341,000/ ml 38 100 100 35

CRP 0.78 1.1mg/l 38 100 100 35
Neutrophils 0.78 4780/ml 38 100 100 35
Leukocytes 0.74 8510/ml 33 100 100 33
Hemoglobin 0.64 10.5g/dl 23 100 100 30

ESR 0.61 30.5 52 86 90 40

AUC: area under the ROC curve; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value.



512

P. Miranda-Garcia et al.

Table 4 Diagnostic accuracy of the serological biomarkers for detecting active disease at endoscopy in ulcerative colitis.

Biomarker AUC Best cut-off point Se (%) Sp (%) PPV (%) NPV (%)
ESR 0.70 19 52 79 78 52
Hemoglobin 0.65 10.5¢g/dl 8 100 100 40
Leukocytes 0.61 7390/ml 39 79 75 44
Platelets 0.60 416,000/ ml 8 100 100 40
CRP 0.58 1.35mg/l 31 93 87 44
Neutrophils 0.56 5265/ml 30 100 100 46
Orosomucoid 0.51 118 mg/dl 40 86 80 50
Fibrinogen 0.50 427 mg/dl 31 50 50 31

AUC: area under the ROC curve; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value.

Table 5 Diagnostic accuracy of the serological biomarkers for detecting active disease at endoscopy in postoperative Crohn’s
Disease.

Biomarker AUC Best cut-off point Se (%) Sp (%) PPV (%) NPV (%)
Neutrophils 0.76 4120/ml 58 100 100 37
Leukocytes 0.61 6720/ml 58 100 100 37
Hemoglobin 0.50 11.5g/dl 8 100 100 21
Orosomucoid 0.47 122 mg/dl 25 100 100 25

CRP 0.44 0.7mg/l 33 67 80 20
Fibrinogen 0.41 453 mg/dl 41 66 83 22

ESR 0.36 16.5 45 66 83 25
Platelets 0.25 259/ml 25 66 75 18

AUC: area under the ROC curve; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value.

a normal mucosa in patients without previous intestinal sur-
gical resection. In those patients with intestinal surgery, a
Rutgeerts score <i2 was accepted as mucosal healing based
on the low rate of endoscopic recurrence associated to these
alterations."’

Serological markers had in our study a great specificity to
determine endoscopic activity in CD. Hence, in the presence
of an elevated biomarker (mainly orosomucoid, fibrinogen,
platelets and CRP) in a CD patient, further study with other
biomarkers such as calprotectin, radiological evaluation or
colonoscopy might be considered. Conversely, there was a
lack of sensitivity of these biological markers, what should
lead to incorporate other tools in order to better identify
patients at risk of having active disease despite normal sero-
logical biomarkers.

CRP had in our study disappointing results. Actually,
other biomarkers were superior to it, and it was just fairly
accurate (AUC=0.78) to determine endoscopic activity in
CD. It showed no diagnostic value in UC or postoperative
CD recurrence. Previous data had confirmed that CRP was
more useful in CD than in UC."%0 The traditional expla-
nation why CRP may be increased in CD and not in UC is
that in CD the inflammation is transmural; in contrast, in
UC the inflammation affects only the mucosa.?’ However,
controversial results have been reported concerning CRP
and its relation to inflammation in IBD.?2"% Peyrin-Biroulet
et al. recently found no correlation between symptoms,
CRP and/or endoscopic activity in a cohort of the SONIC
study.® In UC patients, the study by Yoon et al. found that
CRP had a modest sensitivity and specificity to detect endo-
scopic remission (53% and 71%, respectively).?® Schoepfer

et al. concluded that CRP was superior to other serological
biomarkers including platelets, hemoglobin and leukocytes,
to assess endoscopic activity, but fecal biomarkers and even
clinical activity correlated better than serological biomark-
ers with endoscopic activity in UC.?”

Single Nucleotide Polymorphisms (SNPs) of the gene
regulating CRP production have been described and could
explain why some patients with active disease do not
increase CRP while others do even in the presence of mild
inflammation.?®2° Besides, a high sensitive CRP has recently
been developed and seems to have a good correlation with
disease course; it may help in differentiating IBD from func-
tional disorders and could guide the response to treatment,
but it is not still routinely available.3-32

In CD patients with previous surgical resection, we found
no correlation between endoscopic activity and serological
markers, as expected. Even if our sample was small (N=15),
our results were similar to those previously described in the
literature.*3* Thus, an ileocolonoscopy is still mandatory
6-12 months after surgery to rule out endoscopic recur-
rence and assess the risk of clinical recurrence in these
patients. 7343

Orosomucoid had in our study high specificity and positive
predictive value (both 100%), with a low sensitivity (57%),
to identify endoscopic activity in CD. These good results
were not confirmed in UC or postoperative CD. Early stud-
ies related orosomucoid to intestinal protein loss*® and, in
the setting of active disease, the normalization of oroso-
mucoid was associated with a less probable recurrence of
the disease.?” However, due to its long half-live its use was
abandoned.
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Figure 1
activity in Crohn’s disease patients.

ESR was the most accurate biomarker to assess the endo-
scopic activity in UC, although its AUC was only fair (0.70)
and its sensitivity and specificity were low (52% and 79%,
respectively), what shows that this marker has a very limited
usefulness in IBD, as previously described.?¢3¢:38

Our study confirmed the need for more sensitive and
accurate biomarkers for IBD patients. Nonetheless, sero-
logical markers are of value when elevated in CD patients.
Furthermore, they are cheap, widely available, easy to use
and non invasive, what makes them good tools for routine
use, maybe in combination with more sensitive diagnostic
tests.

There is an increasing number of new biomarkers, includ-
ing fecal biomarkers such as calprotectin or lactoferrin, that
seem to have a promising diagnostic accuracy in both CD and
UC, but their use is still to be defined.* Calprotectin and
lactoferrin are both specific markers of colic inflammation“;
however, these markers are not IBD-specific, and they may
be also increased in the presence of colorectal tumors,
diverticular disease, infection or ischemia. In addition, their
correlation with ileal disease is not clear yet. Calprotectin
has been previously studied in comparison with traditional
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Area under the ROC curves showing the diagnostic performance of the best biomarkers for the detection of endoscopic

serum biomarkers. As an example, Sipponen et al. con-
ducted a study where calprotectin had a better correlation
with endoscopic activity in CD than clinical activity and
CRP.#" A recent meta-analysis, evaluating the data from 13
studies concluded that calprotectin had an AUC of 0.93 in
UC, and of 0.88 in CD, to determine active IBD. Hence,
calprotectin might be a reliable marker of activity in IBD,
maybe more accurate in UC that in CD.** Finally, some
authors have also proposed that calprotectin may predict
post-operative endoscopic recurrence in CD patients, in a
study where CRP, once again, was useless in this kind of
patients.®

Our study included patients with an endoscopic evalu-
ation, and it compared different biomarkers in the same
patients. However, this was a single-center study and our
data need further confirmation. Another limitation of our
study is that we did not use a standardized method to
evaluate the endoscopic activity in CD, but the endoscopic
scores available as the Crohn’s Disease Endoscopic Index
of Severity (CDEIS) or even the Simple Endoscopic Score
for Crohn’s Disease (SESCD) are relatively difficult to use
in clinical practice.® Nonetheless, the physicians based
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their assessment in the same endoscopic criteria included
in aforementioned scores. The subgroup of patients with
postoperative CD recurrence was small, and no definitive
conclusions can be inferred from this study, but our results
suggest that serological biomarkers are useless in these
patients. MRE was performed in all patients with known ileal
disease who had no endoscopic evaluation of the ileon. How-
ever, we could have missed proximal activity in areas non
accessible to endoscopy or in other patients in whom we did
not perform a radiological evaluation of the proximal bowel.
Finally, this was a transversal study, so we cannot estimate
if biomarkers can predict the disease course or the response
to treatment, but these objectives were not a part of the
present study.

In summary, the correlation between serological
biomarkers and endoscopic activity in UC and postoperative
CD is remarkably low. Orosomucoid, fibrinogen and platelets
have the best accuracy for the detection of endoscopic
activity in CD, with high specificity and high positive
predictive value. CRP is not the most accurate serological
biomarker in IBD.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

None.

References

1. Minderhoud IM, Samsom M, Oldenburg B. What predicts mucosal
inflammation in Crohn’s disease patients? Inflamm Bowel Dis.
2007;13:1567-72.

2. Miranda Garcia P, Chaparro M, Gisbert JP. Evaluation of the
concordance between biological markers and clinical activity
in inflammatory bowel disease. Med Clin (Barc). 2014.

3. Peyrin-Biroulet L1, Reinisch W, Colombel JF, Mantzaris GJ, Korn-
bluth A, Diamond R, et al. Clinical disease activity, C-reactive
protein normalisation and mucosal healing in Crohn’s disease in
the SONIC trial. Gut. 2014;63:88-95.

4. Benitez JM, Meuwis MA, Reenaers C, Van Kemseke C, Meunier P,
Louis E. Role of endoscopy, cross-sectional imaging and biomark-
ers in Crohn’s disease monitoring. Gut. 2013;62:1808-16.

5. Silverberg MS, Satsangi J, Ahmad T, Arnott ID, Bernstein CN,
Brant SR, et al. Toward an integrated clinical, molecular and
serological classification of inflammatory bowel disease: report
of a Working Party of the 2005 Montreal World Congress of Gas-
troenterology. Can J Gastroenterol. 2005;19 Suppl A:5A-36A.

6. Kleinbaum D, Klein M. Logistic regression: a self-learning text.
New York: Springer; 2010.

7. Schnitzler F, Fidder H, Ferrante M, Noman M, Arijs |, Van Assche
G, et al. Mucosal healing predicts long-term outcome of mainte-
nance therapy with infliximab in Crohn‘s disease. Inflamm Bowel
Dis. 2009;15:1295-301.

8. Walsh A, Palmer R, Travis S. Mucosal healing as a target of
therapy for colonic inflammatory bowel disease and meth-
ods to score disease activity. Gastrointest Endosc Clin N Am.
2014;24:367-78.

9. Ardizzone S, Maconi G, Russo A, Imbesi V, Colombo E, Bianchi
Porro G. Randomised controlled trial of azathioprine and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

5-aminosalicylic acid for treatment of steroid dependent ulcer-
ative colitis. Gut. 2006;55:47-53.

Rutgeerts P, Diamond RH, Bala M, Olson A, Lichtenstein GR, Bao
W, et al. Scheduled maintenance treatment with infliximab is
superior to episodic treatment for the healing of mucosal ulcer-
ation associated with Crohn’s disease. Gastrointest Endosc.
2006;63:433-42.

Schnitzler F, Fidder H, Ferrante M, Noman M, Arijs |, Van Assche
G, et al. Mucosal healing predicts long-term outcome of mainte-
nance therapy with infliximab in Crohn’s disease. Inflamm Bowel
Dis. 2009;15:1295-301.

Freslie KF, Jahnsen J, Moum BA, Vatn MH, IBSEN Group.
Mucosal healing in inflammatory bowel disease: results
from a Norwegian population-based cohort. Gastroenterology.
2007;133:412-22.

Colombel JF, Rutgeerts P, Reinisch W, Esser D, Wang Y, Lang
Y, et al. Early mucosal healing with infliximab is associated
with improved long-term clinical outcomes in ulcerative colitis.
Gastroenterology. 2011;141:1194-201.

Rutter MD, Saunders BP, Wilkinson KH, Rumbles S, Schofield G,
Kamm MA, et al. Cancer surveillance in longstanding ulcerative
colitis: endoscopic appearances help predict cancer risk. Gut.
2004;53:1813-6.

Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A,
Johanns J, et al. Infliximab for induction and maintenance ther-
apy for ulcerative colitis. N Engl J Med. 2005;353:2462-76.
Sandborn WJ, Van Assche GA, Reinisch W, Colombel JF, D’Haens
G, Wolf DC, et al. Adalimumab induces and maintains clinical
remission in patients with moderate-to-severe ulcerative coli-
tis. Gastroenterology. 2012;142:257-65.

Rutgeerts P, Geboes K, Vantrappen G, Beyls J, Kerremans R,
Hiele M. Predictability of the postoperative course of Crohn’s
disease. Gastroenterology. 1990;99:956-83.

Henriksen M, Jahnsen J, Lygren |, Stray N, Sauar J, Vatn
MH, et al. C-reactive protein: a predictive factor and
marker of inflammation in inflammatory bowel disease. Results
from a prospective population-based study. Gut. 2008;57:
1518-23.

Solem CA, Loftus EV Jr, Tremaine WJ, Harmsen WS, Zins-
meister AR, Sandborn WJ. Correlation of C-reactive protein
with clinical, endoscopic, histologic, and radiographic activ-
ity in inflammatory bowel disease. Inflamm Bowel Dis.
2005;11:707-12.

Jurgens M, Mahachie John JM, Cleynen |, Schnitzler F, Fidder
H, van Moerkercke W, et al. Levels of C-reactive protein are
associated with response to infliximab therapy in patients with
Crohn’s disease. Clin Gastroenterol Hepatol. 2011;9:421-7,
e421.

Gross V, Andus T, Caesar |, Roth M, Scholmerich J. Evidence for
continuous stimulation of interleukin-6 production in Crohn’s
disease. Gastroenterology. 1992;102:514-9.

Niederau C, Backmerhoff F, Schumacher B. Inflammatory
mediators and acute phase proteins in patients with
Crohn’s disease and ulcerative colitis. Hepatogastroenterology.
1997;44:90-107.

Andre C, Descos L, Landais P, Fermanian J. Assessment of appro-
priate laboratory measurements to supplement the Crohn’s
disease activity index. Gut. 1981;22:571-4.

Karoui S, Laz S, Serghini M, Bibani N, Boubaker J, Filali A. Corre-
lation of C-reactive protein with clinical and endoscopic activity
in patients with ulcerative colitis. Dig Dis Sci. 2011;56:1801-5,
http://dx.doi.org/10.1007/s10620-010-1496-7.

Buckell NA, Lennard-Jones JE, Hernandez MA, Kohn J, Riches
PG, Wadsworth J. Measurement of serum proteins during
attacks of ulcerative colitis as a guide to patient management.
Gut. 1979;20:22-7.

Yoon JY1, Park SJ, Hong SP, Kim TI, Kim WH, Cheon JH. Correla-
tions of C-reactive protein levels and erythrocyte sedimentation




Biomarkers and endoscopic activity in IBD

515

27.

28.

29.

30.

31.

32.

33.

34.

rates with endoscopic activity indices in patients with ulcerative
colitis. Dig Dis Sci. 2014;59:829-37.

Schoepfer AM, Beglinger C, Straumann A, Safroneeva E, Romero
Y, Armstrong D, et al. Fecal calprotectin more accurately
reflects endoscopic activity of ulcerative colitis than the
Lichtiger Index, C-reactive protein, platelets, hemoglobin, and
blood leukocytes. Inflamm Bowel Dis. 2013;19:332-41.

Jones J, Loftus EV Jr, Panaccione R, Chen LS, Peterson S,
McConnell J, et al. Relationships between disease activity and
serum and fecal biomarkers in patients with Crohn’s disease.
Clin Gastroenterol Hepatol. 2008;6:1218-24.

Brull DJ, Serrano N, Zito F, Jones L, Montgomery HE, Rumley
A, et al. Human CRP gene polymorphism influences CRP levels:
implications for the prediction and pathogenesis of coronary
heart disease. Arterioscler Thromb Vasc Biol. 2003;23:2063-9.
Poullis AP, Zar S, Sundaram KK, Moodie SJ, Risley P, Theodossi
A, et al. A new, highly sensitive assay for C-reactive protein can
aid the differentiation of inflammatory bowel disorders from
constipation- and diarrhoea-predominant functional bowel dis-
orders. Eur J Gastroenterol Hepatol. 2002;14:409-12.

Sandor Kiss L, Papp M, Dorottya Lovasz B, Vegh Z, Golovics PA,
Janka E, et al. High-sensitivity C-reactive protein for identifica-
tion of disease phenotype, active disease, and clinical relapses
in Crohn’s disease: a marker for patient classification? Inflamm
Bowel Dis. 2012;18:1647-54.

Lonnkvist MH, Theodorsson E, Holst M, Ljung T, Hellstrom PM.
Blood chemistry markers for evaluation of inflammatory activity
in Crohn’s disease during infliximab therapy. Scand J Gastroen-
terol. 2011;46:420-7.

Denis MA, Reenaers C, Fontaine F, Belaiche J, Louis E.
Assessment of endoscopic activity index and biological inflam-
matory markers in clinically active Crohn’s disease with
normal C-reactive protein serum level. Inflamm Bowel Dis.
2007;13:1100-5.

Regueiro M, Kip KE, Schraut W, Baidoo L, Sepulveda AR, Pesci
M, et al. Crohn’s disease activity index does not correlate with

35.

36.

37.

38.

39.

40.

1.

42.

43.

endoscopic recurrence one year after ileocolonic resection.
Inflamm Bowel Dis. 2011;17:118-26.

Clarke K, Regueiro M. Prevention and treatment options for
postoperative Crohn’s disease. Gastroenterol Hepatol (N Y).
2009;5:581-8.

Jensen KB, Jarnum S, Koudahl G, Kristensen M. Serum orosomu-
coid in ulcerative colitis: its relation to clinical activity, protein
loss, and turnover of albumin and IgG. Scand J Gastroenterol.
1976;11:177-83.

Kjeldsen J, Lauritsen K, De Muckadell OB. Serum concentrations
of orosomucoid: improved decision-making for tapering pred-
nisolone therapy in patients with active inflammatory bowel
disease. Scand J Gastroenterol. 1997;32:933-41.

Schoepfer AM, Vavricka S, Zahnd-Straumann N, Straumann A,
Beglinger C. Monitoring inflammatory bowel disease activity:
clinical activity is judged to be more relevant than endoscopic
severity or biomarkers. J Crohns Colitis. 2012;6:412-8.
Gisbert JP, McNicholl AG, Gomollon F. Questions and answers on
the role of fecal lactoferrin as a biological marker in inflamma-
tory bowel disease. Inflamm Bowel Dis. 2009;15:1746-54.
Foell D, Wittkowski H, Roth J. Monitoring disease activity
by stool analyses: from occult blood to molecular mark-
ers of intestinal inflammation and damage. Gut. 2009;58:
859-68.

Sipponen T, Savilahti E, Karkkainen P, Kolho KL, Nuutinen H,
Turunen U, et al. Fecal calprotectin, lactoferrin, and endo-
scopic disease activity in monitoring anti-TNF-alpha therapy for
Crohn’s disease. Inflamm Bowel Dis. 2008;14:1392-8.

Lin JF, Chen JM, Zuo JH, Yu A, Xiao ZJ, Deng FH, et al.
Meta-analysis: fecal calprotectin for assessment of inflam-
matory bowel disease activity. Inflamm Bowel Dis. 2014;20:
1407-15.

Papamichael K1, Karatzas P, Mantzaris GJ. Faecal calprotectin
but not C-reactive protein (CRP) or Crohn’s Disease Activity
Index (CDAI) may predict post-operative endoscopic recurrence
of Crohn’s disease. J Crohns Colitis. 2013;7:e700-1.



	Correlation between serological biomarkers andendoscopic activity in patients with inflammatorybowel disease

