W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 / wjg.v16.i21.2591

World | Gastroenterol 2010 June 7; 16(21): 2591-2599
ISSN 1007-9327 (print)
© 2010 Baishideng. All rights reserved.

TOPIC HIGHLIGHT

Peter L Lakatos, MD, PhD, Assistant Professor, Series Editor

Is the disease course predictable in inflammatory bowel

diseases?

Peter Laszlo Lakatos, Lajos S Kiss

Peter Laszlo Lakatos, Lajos S Kiss, 1st Department of Medicine,
Semmelweis University, H-1083 Budapest, Koranyi S 2A, Hungary
Author contributions: Lakatos PL and Kiss LS contributed
equally to this paper.

Correspondence to: Dr. Peter Laszlo Lakatos, MD, PhD,
Ist Department of Medicine, Semmelweis University, H-1083
Budapest, Koranyi S 2A, Hungary. kislakpet@bell.sote.hu
Telephone: +36-1-2100278  Fax: +36-1-3130250
Received: November 21, 2009 Revised: December 16, 2009
Accepted: December 23, 2009

Published online: June 7, 2010

Abstract

During the course of the disease, most patients with
Crohn’s disease (CD) may eventually develop a stric-
turing or a perforating complication, and a significant
number of patients with both CD and ulcerative colitis
will undergo surgery. In recent years, research has
focused on the determination of factors important in
the prediction of disease course in inflammatory bowel
diseases to improve stratification of patients, identify
individual patient profiles, including clinical, laboratory
and molecular markers, which hopefully will allow phy-
sicians to choose the most appropriate management
in terms of therapy and intensity of follow-up. This
review summarizes the available evidence on clinical,
endoscopic variables and biomarkers in the prediction
of short and long-term outcome in patients with in-
flammatory bowel diseases.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a multifactorial dis-
ease with probable genetic heterogeneitym. In addition,
several environmental risk factors (e.g diet, smoking, mea-
sles or appendectomy) may contribute to its pathogenesis.
During the past decades, the incidence pattern of various
forms of IBD has changed significantly”, showing some
common but also quite distinct characteristics for the dif-
ferent vatiations of the disorder.

The phenotypic classification of Crohn’s disease (CD)
plays an important role in determining the treatment, and
may assist in predicting the likely clinical course of disease.
In 2005, the Montreal revision of the Vienna classifica-
tion system was introduced”. Using the Vienna classifica-
tion system, it has been shown in clinic-based cohorts that
there can be a significant change in disease behavior over
time, whereas disease location remains relatively stable™.
Since the eatly introduction of immunomodulators and/or
biologicals might be justified in patients at risk for disease
progression, so it is important to identify these patients as
soon as possible. Much emphasis has been placed in recent
years on the determination of important predictive factors.
In this review, the authors try to highlight some of the clini-
cal, endoscopic variables and biomarkers that are important
in the prediction of disease course in IBD (Table 1).

CLINICAL, ENVIRONMENTAL, AND
ENDOSCOPIC FACTORS

Clinical and endoscopic vatiables ate important medium
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Marker name

Clinical outcome

Clinical markers Young age at onset (pediatric or < 40 yr)
Small bowel disease

Stricturing

Perianal disease weight loss > 5 kg

Steroid need for the first flare at diagnosis

Disabling disease

Early immunosupression and/ or biological therapy (protective?)

Young age at onset (pediatric or < 40 yr)
Small bowel disease
Stricturing or penetrating at diagnosis

Surgery

Early immunosupression and/or biological therapy (protective?)

Extensive disease
Younger age at onset (< 50 yr)
Smoking (protective)
NOD2/CARD15
151363670 near IL12B
TPMT
Serology markers ASCA, glycans
Biomarkers CRP
ESR
Calprotectin

Genetic markers

Endoscopy markers

Complete or partial mucosal healing (protective)

Colectomy in UC

Disease location/behavior/surgery in CD
Disease behavior

Azathioprine toxicity

Complicated disease, surgeries

Clinical flares

Clinical flares and surgery

NOD2/CARD15: Nucleotide oligomerization domain2/caspase activation recruitment domain15; TPMT: Thiopurine S-methyltransferase; ASCA:
Anti-Saccharomyces cerevisiae antibodies; CRP: C reactive protein; ESR: Erythrocyte sedimentation rate; CD: Crohn’s disease; UC: Ulcerative colitis.

and long-term markers in the prediction of complicated
disease course in IBD. A young age at onset or pediatric
presentation is an important risk factor for developing
complicated disease behavior, and even disease extension
in a large proportion of patients, as reported in a recent
French population based-cohort studyW].

In CD, an initial need for steroid use (OR: 3.1, 95%
Cl: 2.2-4.4), an age below 40 years (OR: 2.1, 95% CI:
1.3-3.6), and the presence of perianal disease (OR: 1.8,
95% CI: 1.2-2.8) were associated with the development
of disabling disease in the study by Beaugerie ez al” . 'The
positive predictive value of disabling disease in patients
with 2 and 3 predictive factors of disabling disease was
0.91 and 0.93, respectively. More recently, authors from
New Zealand” have shown that > 70% percent of CD
patients had inflammatory disease at diagnosis, with the
proportion of patients with complicated disease increas-
ing over time. Progression towards complicated disease
was more rapid in those with small bowel than colonic
disease location, (P < 0.001), and perianal disease was a
significant predictor of change in CD behavior [hazard
ratio (HR): 1.62, P < 0.001]. Similarly, perianal lesions,
the need for steroids to treat the first flare and ileo-
colonic location, but not age below 40 years were con-
firmed as predictive markers for developing disabling
disease (according to the predefined criteria) at 5 yearsm.
In the same study, stricturing behaviour (HR: 2.11, 95%
CI: 1.39-3.20) and weight loss (> 5 kg) (HR: 1.67, 95%
CI: 1.14-2.45) at diagnosis were independently associated
with the time to development of severe disease. In ad-
dition, small bowel location and stricturing disease were
predictors for surgery in a long term follow-up studym.
Finally, terminal ileal location (P < 0.001), stricturing
(P = 0.004), penetrating behavior (P < 0.001), and age
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younger than 40 years (P = 0.03) at diagnosis were inde-
pendent risk factors for subsequent surgery in a prospec-
tive 10-year follow-up study by the IBSEN groupm].

An important environmental factor that may possibly
be important in determining changes in disease behavior
in CD is smoking. In CD, smoking was reported to be
associated with disease location: most, but not all, stud-
ies report a higher prevalence of ileal disease and a lower
prevalence of colonic involvement in smokers>" A
recent review' ' and previous data have demonstrated
that smoking, when measured up to the time-point of
disease behavior classification, was associated mote fre-
quently with complicated disease, penetrating intestinal
complications[12’14’15], and greater likelihood to progress
to complicated disease, as defined by the development
of strictures or fistulac' and a higher relapse rate!'”. In
addition, the risk of surgery as well as the risk for fur-
ther resections during disease course was also noted to
be higher in smokers in some studies"*"” and in a recent
meta—analysisw. The need for steroids and immunosup-
pressants was found to be higher in smokers compared to
non-smokers"”. In a recent paper by Aldhous ez al”™ using
the Montreal classification, the harmful effect of smoking
was only partially confirmed. Although current smoking
was associated with less colonic disease, smoking habits at
diagnosis were not associated with time to development
of stricturing disease, internal penetrating disease, perianal
penetrating disease, or time to first surgery.

In one study by Cosnes ez al™, immunosuppressive
therapy was found to neutralize the effect of smoking on
the need for surgery. The importance of an early aggres-
sive medical strategy in determining long term disease
phenotype is further supported by a recent Hungarian

studylzz’mj where the authors have reported that eatly aza-
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thioprine (AZA)/biological therapy reduced the risk for
disease behavior change and delayed the time to the first
operation in CD in both smokers and non-smokers. The
most convincing data to support a benefit from eatly use
of AZA however, comes from the pediatric literature™
whete in a randomized controlled trial in 55 children, the
early use of 6-mercaptopurine (6-MP) was associated
with a significantly lower relapse rate (only 9%) compared
with 47% in controls (P = 0.007). Moreover, the duration
of steroid use was shotter (P < 0.001) and the cumulative
steroid dose was lower at 6, 12, and 18 mo (P < 0.01).

In addition, in a recent withdrawal study by the
Groupe D’Etude Thérapeutique Des Affections Inflam-
matoires Du Tube Digestif (GETAID) group[zﬂ, authors
have provided evidence for a benefit of long term AZA
therapy beyond 5 years in patients with prolonged clini-
cal remission. Finally, in a recent controlled randomized
prospective trial®), AZA administered for 12 mo togeth-
er with metronidazole for 3 mo was more effective in
preventing endoscopic postoperative recurrence assessed
at 12 mo, compared to metronidazole alone in patients
previously only minimally exposed to AZA.

Fewer factors are available in ulcerative colitis (UC).
One of the important factors is disease extent, identified
by previous studies and also a recent 10 years popula-
tion-based inception cohort study””. In the same study,
an age at the time of diagnosis > 50 years was associated
with reduced hazard ratio (0.28) for subsequent colec-
tomy. In addition, one-fifth (69/288) of patients with
proctitis or left-sided colitis had progressed to extensive
colitis. In contrast, pediatric UC was more aggressive.
Disease course was characterized by disease extension in
49% of patients during in a 6.5 years population-based
cohort studym. A delay in diagnosis of more than 6 mo
and a family history of IBD were associated with an in-
creased risk of disease extension, with odds ratios of 5.0
(1.2-21.5) and 11.8 (1.3-111.3), respectively. The cumula-
tive rate of colectomy was 8% at 1 year, 15% at 3 years,
and 20% at 5 years. Of note, however, surgical rates have
shown a wide geographical variation with significantly
lower rates reported from the Mediterranean region and
Eastern Europe in earlier studies™,

Furthermore, in contrast to CD, smokers with adult
UC have been reported to run a more benign disease
course compared to non-smokers™. Flare-ups, hospital-
ization rates, the need for oral steroids, and colectomy
rates, were reported to be lower, while age at onset was
older in smokers compared to non-smokers, though not
in all studies. Relapse rates were lower in patients who
began smoking after the diagnosis of UC was made. In
concordance, in a recent Europe-wide population-based
cohort™ the relapse rate was lower (HR: 0.8, 95% CI:
0.6-0.9) in smokers compared to non-smokers, while be-
ing higher in women. In addition, in a meta-analysis of
several large series with a total of 1489 UC patients, the
risk for colectomy was lower (OR: 0.57, 95% CI: 0.38-0.85)
in current smokers compared to non-smokers"'.

Finally, it is still unclear whether mucosal healing
prevents the development of complications, although
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its importance was investigated in several studies using
heterogeneous definitions. A well-known example is the
study by Allez ¢z al™ where severe endoscopic activity
was assoclated with an increased risk for colectomy in
CD after 1, 3 and 8 years of follow-up. This was only
partially confirmed in a more recent population-based
follow-up study by the IBSEN group, where muco-
sal healing at 1 year in UC was associated with a lower
subsequent colectomy risk, but mucosal healing in CD
was not a significant predictor for resective surgery at
5 years, but the risk of future steroid use was de-
creased™. Similarly, in a very recent follow-up report
the beneficial effect of early complete mucosal healing
was confirmed in eatly CD. Complete mucosal healing in
patients with early-stage CD was associated with signifi-
cantly higher steroid-free remission rates 4 years after the
start of the therapy[34]. Similarly, mucosal healing at 6 mo
following the start of scheduled infliximab maintenance
therapy was associated with lower need for major abdom-
inal surgery during follow-up in a study from the Leuven
groupw].

BIOMARKERS

Biomarkers can be divided into long-term markers (e.g.
genetics and serology) influencing the clinical phenotype
and short-term markers that may be used for the predic-
tion of flares.

In 2001, the identification of nucleotide oligomeriza-
tion domain2 (NOD2)/caspase activation recruitment
domain15 (CARD15) on chromosome 16 in the IBD1
region, as a candidate gene for CDP has stimulated
further research focusing on novel genetic determinants
of susceptibility and phenotype in IBD. The presence of
a NOD2/CARD15 mutation increases the risk for CD by
1.4-4.3-fold in heterozygous patients and 17.6-44.0-fold
in homozygous and compound heterozygous patients.
Of importance, reports exist of homozygous individuals
who are disease-free. However, various geographical dif-
ferences were noted. A much lower prevalence of these
mutations was reported in, for example African American,
Chinese and ]apanesem] populations. NOD2/CARD15
is a good example for case-control phenotype-genotype
correlations, since in earlier studies the three common
NOD2/CARD15 mutations were associated with ileal
disease and fibrostenosing behavior. On the contrary, in
colonic and fistulizing disease, they were relatively less fre-
quentm’m. There are many controversial findings, such as
the association between the OCTN TC risk haplotype and
penetrating disease (OR: 1.474, 95% CI: 1.028-2.114, P =
0.035) in one study™" or non-fistulizing non-fibrostenotic
disease (OR: 1.57), colonic disease (OR: 1.31), an eatlier
age at the onset of disease, and reduced need for surgery
(OR: 1.38) in another™, or the association between the
presence of DLG5 R30Q) variant and steroid refractory
disease that could not be confirmed yet[m. Finally, in a
recent study by Weersma ef a/™" the same type of statisti-
cal analysis was performed in a little more complex ge-
netic dataset by using both novel markers (e.g. ATG161.1,
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IL23R) and earlier (NOD2, IBD5 and DLG5) genetic
markers. In this study, patients with CD with a more se-
vere disease course, surgeries or an age of onset below
40 years had more risk alleles compared to non-stricturing,
nonpenetrating behaviour (P = 0.0008), no operations (P
= 0.02) or age at onset greater then 40 years (P = 0.028).
However, the association became insignificant after a
longer disease duration, confirming that many other fac-
tors (e.g clinical variables, disease phenotype at diagnosis,
medical therapy) contribute to the long term evolution of
disease phenotype.

Although in some of these studies the authors cor-
rected their findings for disease duration using logistic
regression, these are all static correlations between
phenotype and genotype. In 2009, we finally observed
new examples of genotype-phenotype association scans,
where the authors have performed a complete follow-
up of the patients and so the association between time-
dependent clinical outcomes and genotype could be
more preciously evaluated in multivariate analysis using
Cox regression. Moreover, the authors realized that
clinical parameters should also be included in the com-
plex testing. A fine example of how this should be per-
formed was recently published by the Leuven groupm].
Of course, the presentation of the results is now much
more complex. For example, homozygosity for the
rs1363670 G-allele in a gene encoding a hypothetical
protein near the IL.72B gene was independently associ-
ated with stricturing disease behavior and with shorter
time to strictures, especially in patients with ileal involve-
ment, or alternatively male patients carrying at least one
rs12704036 T-allele in a gene desert had the shortest
time to non-perianal fistula. This landmark study with its
complex analysis is, however, bringing genetics closer to
being used in routine clinical practice.

Genetic markers may also be used to predict the effi-
cacy and/or side effects of medical therapy, that is phar-
macogenetics. This use is also expected to be complex
and include certain clinical predictors. The importance
of using conventional genetic testing might be high-
lighted by the well-known thiopurine S-methyltransferase
(TPMT) genotype/activity testing. TPMT limits the pro-
duction of 6-TGNs by converting 6-MP to 6-thioruric
acid and 6—rnethylmercaptopurine[46],which may lead to
myelotoxicity. Population studies have shown that the
distribution of TPMT activity is trimodal: 0.3%-0.5% of
the population has low to absent activity (TPMTL/TP-
MTL), around 10% have intermediate activity (TPMTL/
TPMTH), and approximately 90% inherit normal to high
enzyme activity (TPMTH/TPMTH)". In this regard, a
correlation between the TPMT genotype and enzyme ac-
tivity has been proven. Approximately 5% of the white
population carries one or more variant TPMT alleles,
with more than ten variant alleles reportedm. The func-
tional consequences of alleles *2, ¥*2A, *3B, and *3C, ac-
counting together for more than 90% of mutant alleles,
have been extensively characterized. Nevertheless, it is
clear that there are many other causes of myelotoxicity.
This was accurately demonstrated by Colombel ez a/*,
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who found that only 27% of patients had a documented
low TPMT activity. Other confounding genetic and envi-
ronmental factors include, for instance, the patient’s age,
renal function, AZA formulation, coadministration of
mesalazine (a reversible TPMT inhibitor) and allopurinol
(XO inhibitor). Thus, the determination of TPMT activ-
ity is not an exclusive test to rely on. It may only be help-
ful in identifying a certain group of high risk patients
but as the negative predictive value is rather low, it is not
beneficial in ruling out possible side effects. Also, as the
prevalence of double carriage of variant TPMT alleles
is as low as 1/300, continuous monitoring of red blood
cell counts remains mandatory in clinical practice. A dif-
ferent approach was recently reported by the Leuven
groupm]. The authors analysed gene expression signa-
tures in the mucosa of patients with UC and were able
to identify predictive panels of genes for (non-)response
to infliximab. Further studies of the pathways involved
should allow a better understanding of the mechanisms
of resistance to infliximab therapy in UC.

Similarly, serological markers represent medium to
long term markers of disease phenotype and progres-
sion. The phenotype and disease course of CD are as-
sociated with the presence and extent of the serologic
response targeted against various microbial antigens.
In patients with conventional anti-Saccharomyces cerevisiae
antibodies (ASCA+, IeG and/or IgA) or atypical peri-
nuclear antineutrophil cytoplasmic antibodies (P-ANCA)
phenotype, small bowel involvement (with or without
colonic disease) is more typical than the pure colonic
disease (60%-80% vs 30%-45%)"""". ASCA positivity
predicts a more aggressive disease course with a higher
rate of complications. ASCAs have been associated with
stricturing and penetrating disease and a higher risk of
small bowel resection”"””. Some studies also suggest
that ASCA positivity is associated with an earlier onset
of disease. The presence of anti-OmpC in adult CD
patients is associated with an increased prevalence of the
penetrating form onlym, while in children, both the pen-
etrating and stenosing forms'™
over, antibody positivity may lead to a more aggressive
course of disease and a higher risk for surgical interven-
tions. Like ASCA and anti-OmpC, anti-I2 also appears
to be associated with an increased risk for complications
in adult CD patients. It is an independent risk factor for
the development of the stenosing form and the need for

are more frequent. More-

surgical interventions” . Recent research has shown that
the anti-CBirl antibody is associated with ileal involve-
ment in adult CD patients independently from other
serological markers, and it predisposes for the develop-
ment of both stenosing and penetrating forms™. Inter-
estingly anti-Cbirl was more frequent in young children
with CD (age: 0-7 years)™. In a very recent study, an
association was also reported between the presence of
pancreatic autoantibodies and perforating perianal di-
sease, arthritis, ocular, and cutaneous manifestations’” .
In addition to qualitative correlations, quantitative cor-
relations with serological responses are also present. The
number of antibodies produced against microbial anti-
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gens in CD also showed a positive correlation with the
severity of the disease course.

Similarly, the presence and magnitude of the more
newly developed antiglycan antibodies (including the
most recent anti-laminarin and anti-chitin markers) in
CD was associated with a more aggressive disease phe-
notype in CD, as well as a younger age at onset, ileal in-
volvement, stricturing/penetrating disease behavior, and
risk for surgeryﬁg’éo]. In the latter study, gASCA IgG and
ASCA IgG were comparable for the diagnosis and de-
termination of disease phenotype in CD; however, each
test recognized an additional patient population that was
missed by the other, indicating a partially complementary
role. The differentiation between colon only CD and UC
was also better™"],

In prospective pediatric cohorts Dubinsky ez a/™",
found that the presence and magnitude of immune re-
sponses to microbial antigens (ASCA, anti-OmpC, anti-I12
and anti-CBirl) are significantly associated with more
aggressive disease phenotype. The risk of developing pen-
etrating and/or stricturing CD was incteased in those in-
dividuals with immune response against all four microbial
antigens compared to seronegative cases. Moreover, they
demonstrated that the time to develop a disease complica-
tion during the 18 mo of follow-up period is significantly
faster in those children who have a serologic response
against at least one antigen, recently confirmed by the
same group in a much larger IBD population®,

In addition, the occurrence of atypical P-ANCA in
UC is associated with a characteristic clinical appearance
and represents a distinct subgroup, which is often char-
acterized by specific human leucocyte antigen markers.
These patients have a higher probability of developing a
severe left-sided UC that is more resistant to treatment
than the usual case. The disease has a more aggressive
course requiring surgery earlier in the course of the
disease®”. The presence of atypical P-ANCA identifies
a subgroup of CD patients characterized by “UC-like”
colitis; the inflammation usually involves the left side of
the colon and the response to therapy is generally good.
The atypical P-ANCA in CD patients is associated with
a later age of onset and a relatively smaller incidence of
complications, such as stricture and/or perforation[(’M.

Of note however, one should be aware of the fact
that the serology profile is not a stable phenotype; se-
roreactivity may change during the course of follow-
up. This is at least suggested by studies done in patients
with celiac disease where seropositivity was lost several
months after the introduction of a gluten free diet.

IBD follows an alternating disease course and both
CD and UC are characterized by periods of remission
and relapse. However, disease flare-ups occur in a ran-
dom way and are often unpredictable. Based on the half-
life and changes over time serum laboratory and fecal
markers may be best used for the prediction of short or
medium term relapses. Erythrocyte sedimentation rate
(ESR) and C reactive protein (CRP) are traditional non-
specific markers of inflammation. In addition, a number
of neutrophil-derived proteins present in stool samples
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have been studied, including fecal lactoferrin, lysozyme,
clastase, myeloperoxidase, and calprotectin.

ESR is defined as the rate at which erythrocytes mi-
grate through the plasma. Inevitably, ESR will depend on
the plasma concentration and on the number and size of
the erythrocytes. Conditions such as anemia, polycythe-
mia, and thalassemia affect ESR. Compared with CRP,
ESR will peak much less rapidly and may also take sev-
eral days to decrease, even if the patient’s clinical condi-
tion or the inflammation is ameliorated. Although CRP
is non-specifically upregulated in most inflammatory dis-
eases, including IBD, there is remarkable heterogeneity
in the CRP response between CD and UC. Whereas CD
is associated with a strong CRP response, UC has only a
modest or no CRP response in both adult and children
IBD populations[“]. This is an important fact to keep in
mind when using CRP in clinical practice. There is no
good explanation for this heterogeneity.

In general, patients with severe disease more often
have abnormal inflammatory markers, compared with
patients without or with only a low-grade inflammation.
This has been shown in one of the early studies by Fagan
et al’" both CRP and ESR correlated well with disease
activity, yet the correlation was better for CRP. In addition,
the correlation of laboratory markers with disease activity
has been shown to be much stronger for CD than for UC.
However, a wide range of CRP values was observed and
no clear cut-off values exist between mild to moderate
(10-50 mg/L), moderate to severe (50-80 mg/L), and se-
vere disease (> 80 mg/L). Therefore, the comparison of
individual CRP values with previous values in any given
patient is of great clinical importance. In addition, CRP
showed acceptable correlation with endoscopic and his-
tological activity in CD"™. For UC, again, this correlation
was weaker. In contrast, more recent data from Australia
suggested that a subgroup of patients with active ileal dis-
ease, low body mass index, and previous ileocecal resec-
tion was characterized by low CRP".

In CD, a number of studies have investigated a panel
of laboratory markers in predicting clinical relapse. Later,
Boitivant ef al’" prospectively followed 101 outpatients
with CD. Half of the patients had an elevated CRP value
and this correlated well with clinical activity. Approximate-
ly one-third of CD patients presented with active disease
despite normal CRP and one-third had high CRP levels
but clinically inactive disease. The likelihood of relapse
after 2 years was higher in the patients with an increased
CRP compared with those who had a normal CRP value.
More recently, the GETAID group"! proposed a simple
biological score for predicting short-term relapse in CD.
Multivariate analysis selected two markers predictive of
relapse: CRP > 20 mg/L and an ESR > 15 mm/h. The
relative risk of short-term relapse for patients with a posi-
tive score compared to those with a negative score was 8.0
(95% CI: 2.8-22.9). The score’s sensitivity and specificity
was 89% and 43%, respectively, with a negative predic-
tive value of 97%, suggesting that normal CRP and ESR
could almost certainly rule out a relapse in the next 6 wk.
Much less data exist on the value of laboratory mark-
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ers in assessing disease course and outcome in UC. The
well known, prospective study from Oxford evaluated 49
severe UC patients treated with hydrocortisone and/or
cyclosporine (# = 49). On day 3, a daily stool frequency
of > 8 or 3-8 with increased CRP (> 45 mg/L) predicted
with 85% certainty the need for colectomym. Only one
relatively small study investigated the role of hs-CRP in
IBD™. Ninety CD, 70 UC patients, and 160 controls were
investigated. The coefficient of correlation between hs-
CRP and the disease activity score was weak but similar in
both UC (0.26) and CD (0.30).

Finally, a recent population based study by the IB-
SEN group has demonstrated” that CRP at diagnosis or
during follow-up was able to predict medium term out-
come as measured by the need for colectomy or resective
surgery. In patients with UC with extensive colitis, CRP
levels above 23 mg/L at diagnosis predicted an increased
risk of surgery (OR: 4.8, 95% CI: 1.5-15.1) during the
first 5 years of follow-up. In patients with UC, CRP lev-
els above 10 mg/L after one year predicted an increased
risk of surgery during the subsequent 4 years (OR 3.0,
95% CI: 1.1-7.8). A significant association between CRP
levels at diagnosis and risk of surgery was also found in
patients with CD with terminal ileitis (I.1), where the risk
increased when CRP levels wetre above 53 mg/L in this
subgroup (OR 6.0, 95% CI: 1.1-31.9).

A change in CRP following therapy serves as a good
parameter in assessing the effectiveness of the drug
on the underlying inflaimmation. A decrease in CRP, in
response to therapy, is objective evidence that the drug
has a beneficial effect on intestinal inflammation, even in
patients with small changes in their symptoms. On the
other hand, persistently raised CRP indicates therapeutic
failure in controlling mucosal inflammation. This was
clearly demonstrated by the different response rates to
anti-TNF antibodies in patients with CD. In some stud-
ies, a high baseline (5-10 mg/L) CRP value before the
start of therapy was associated with a higher response
compared to patients with lower CRP"™. These findings
raise the question of whether CRP should be included
in patient selection for future clinical trials, at least for
selected drugs. Furthermore, high CRP (> 20 mg/L) was
found to be an independent predictor for relapse after
AZA withdrawal in patients on AZA therapy for longer
than 42 and 63 mo™"".

Fecal calprotectin was also shown to predict relapse
in CD. Calprotectin, a 36 kDa calcium- and zinc-binding
protein, is probably the most promising marker for vari-
ous reasons. In contrast with other neutrophil markers,
calprotectin represents 60% of cytosolic proteins in
granulocytes. The presence of calprotectin in feces can
therefore be seen as directly proportional to neutrophil
migration to the gastrointestinal tract. Fecal calprotec-
tin is a very stable marker (stable for more than 1 wk
at room temperature) and is resistant to degradation,
making it an attractive option. Other neutrophil protein
markers, include fecal lactoferrin, polymorphonuclear-
elastase, and S100 A12. They are also more specific to
intestinal rather than systemic inflammation, but their
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clinical role has been less extensively evaluated in IBD.

In the study by Tibble ez al™, calprotectin levels of
50 ug/g or more predicted a 13-fold increased risk for
relapse. In another study”, 38 CD and 41 UC patients
were investigated. All patients were in remission for a
mean duration of 5 mo. A baseline level of calprotectin
of 150 ug/g or more was predictive for a relapse in the
next year. Although sensitivity was high for both CD
(87%) and UC (89%), specificity was much lower in the
case of CD (43%) compared to UC (82%). Similatly, in
a recent study, fecal calprotectin and lactoferrin were
able to differentiate organic colorectal disease and were
associated with active disease at endoscopy, both in UC
(78% and 75%, respectively) and in CD (87% and 82%,
respectively)[gm; however, specificity was low overall. It
is thus difficult to define cut-off values based on these
studies. In addition to serum markers, fecal calprotectin
also correlates well with endoscopic and histological
activity in patients with UC and CD, and elevated cal-
protectin levels normalize once the inflammation has
resolved in both adults and children™"*.

Lastly, calprotectin, at a cut-off value of 200 mg/L,
at 3 mo post-surgery, was useful in predicting endoscop-
ic post-surgical recurrence in asymptomatic patients with
a sensitivity of 63% and a specificity of 75%",

CONCLUSION

In conclusion, the search for clinical, laboratory, and mo-
lecular markers to define and predict disease outcome in
common diseases has moved rapidly forward with the
help of modern technologies and vigorous collection
of clinical data. However, many questions remain un-
answered. Nevertheless, research should be encouraged
because, as physicians treating patients with IBD, our ulti-
mate goal is to have at our disposal a complex individual
patient profile, including clinical, laboratory and molecular
markers around the time of diagnosis which will hopefully
allow us to choose the most appropriate management in
terms of therapy, intensity of follow-up and frequency of
various investigations.
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