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Abstract:  Because Crohn’s disease (CD) is a chronic, incurable 

condition, patients require life-long therapeutic approaches to initi-

ate and maintain symptom control, improve quality of life, avoid 

hospitalizations and surgery, and minimize short- and long-term 

toxicity and complications such as stricturing, fistulae, osteoporosis 

and associated bony fractures, and linear growth failure in pediatric 

patients. Many physicians use symptom-based classifications, such as 

those published in the American College of Gastroenterology Practice 

Guidelines, to classify disease severity. However, all current classifica-

tions for CD focus predominantly on treating the present symptoms 

and not on the long-term treatment goal of altering the natural history 

of the disease. If physicians were able to identify disease phenotypes 

at diagnosis, they could advise a course of robust intervention or more 

conservative therapeutic modalities with a lower risk of toxicity, as 

appropriate. Over the past several years, much interest has developed 

in the role of genetic and serologic markers as prognostic tools in 

CD. With these genetic and serologic data in mind, clinicians have a 

growing ability to harness laboratory and genetic testing information 

in order to stratify patients relative to their risk of disease progression 

from the time of diagnosis, allowing for a more individualized treat-

ment plan for each patient.

The natural history of Crohn’s disease (CD) is characterized 
by a spectrum of clinical and pathologic patterns. CD 
can involve any part of the gastrointestinal tract from the 

oropharynx to the perianal area. The most common location is the 
ileocecal region, followed by the terminal ileum alone, diffuse small 
bowel, and then isolated colonic disease. The asymmetric inflam-
mation seen with CD can be transmural, often extending through 
to the serosa, resulting in sinus tracts or fistula formation. Although 
CD is primarily a disease of the gastrointestinal tract, patients 
can exhibit extraintestinal manifestations, including fever, weight 
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loss, arthralgias, arthritis, renal disease, mucocutaneous 
lesions, or ophthalmologic complications.1 The incidence 
and prevalence of CD in the United States are estimated 
at 5 per 100,000 and 50 per 100,000, respectively.2,3

Because CD is neither medically nor surgically cur-
able, patients require life-long therapeutic approaches to 
maintain symptomatic control, improve quality of life, 
avoid hospitalizations and surgery, and minimize short- 
and long-term toxicity and complications.4 Although 
the disease can affect any age group, its onset is typically 
within the second and fourth decades of life. Because of 
the life-long need for disease management, the financial 
burden associated with CD is disproportionately large. 
In 2008, the mean annual direct treatment costs for CD 
in the United States were estimated to be $7,189 per 
patient, or about $3.6 billion total. Approximately 31% 
of the total annual costs were attributable to hospitaliza-
tion, 33% to outpatient care, and 35% to pharmaceuti-
cal prescription.5 

Beyond the financial burden, CD is also associated 
with significantly reduced health-related quality of life 
(HRQL) when compared with the mean for healthy 
controls.6 As might be expected, HRQL in CD is directly 
correlated with disease activity, with patients experienc-
ing active disease having a lower mean HRQL than those 
experiencing fluctuating disease or those in remission.7 
A study by Lix and colleagues found that patients with 
CD have higher levels of perceived stress, health anxiety, 
pain anxiety, and pain catastrophizing over time than 
patients with ulcerative colitis (UC).8 This effect remains 
even after controlling for disease activity. The authors 
suggest that CD is likely associated with more pain, or 
less predictable pain, than is UC. As individuals progress 
through the disease course, pain may become a more 
pronounced factor and maladaptive responses may be 
more likely to emerge. 

The Natural History of CD

CD is a dynamic and progressive disease. Although the 
majority of patients have uncomplicated, nonstrictur-
ing, nonpenetrating disease at diagnosis, most eventually 
develop complications. In their study of 297 CD patients 
over 25 years, Louis and colleagues found that 46% of 
patients had a change in disease behavior in the first 10 
years of follow-up.9 The most prominent change was from 
nonstricturing, nonpenetrating disease to either strictur-
ing (27%) or penetrating (29%) disease. The authors 
further found that the rate of change from uncomplicated 
disease to either the stricturing or penetrating phenotype 
remained stable during the 25 years of the study, with 
approximately 25–33% of the cases of uncomplicated dis-
ease changing to stricturing or penetrating disease every 

5 years. They concluded that virtually all CD patients in 
their population would develop either stricturing or pen-
etrating disease if followed sufficiently.

Because of the progressive nature of the disease, 
patients with CD are likely to require hospitalization at 
some point during their disease course. From 1990 to 
2003, the hospitalization rates for patients with a primary 
diagnosis of CD ranged from 9.3 to 17.1 per 100,000 
people.10 Patients with CD also have a high likelihood of 
requiring surgery. Cosnes and colleagues11 followed 565 
patients with CD and found that the annual rate of intes-
tinal resection was between 3.3% and 7.5% over 26 years. 
Similarly, Jess and colleagues followed 58 Danish patients 
with CD diagnosed between 1991 and 1993 and found 
a 10-year cumulative intestinal resection probability of 
65%.12 The risk of repeat surgery is also high for patients 
with CD, about 5% each year after the first surgery.13 

Ultimately, upwards of 80% of CD patients will require 
surgery in their lifetime.14   

Special Considerations in Pediatric CD

In general, inflammatory bowel disease (IBD) has an early 
age of onset. Approximately 20% of all patients with IBD 
develop symptoms during childhood,15 with about 5% 
being diagnosed before 10 years of age.16 Typical compli-
cations of CD in the pediatric population include failure 
to reach puberty, osteopenia, and linear growth failure. 

Active or relapsing disease may slow or even arrest 
the progression of puberty once it has begun. Unlike with 
healthy children, delayed or shortened puberty in children 
with CD may result in permanent growth impairment. 
Thus, inducing disease remission before the onset of 
puberty and maintenance of remission during the puber-
tal years is crucial in order to avoid the consequences of 
a missed pubertal growth spurt, such as unacceptably 
reduced adult stature, abnormal bone mineralization, and 
the maintenance of prepubertal levels of sex hormones.17 

Osteopenia is another important potential com-
plication of pediatric IBD because more than 90% of 
peak bone mass is attained during childhood and ado-
lescence. A failure to attain peak bone mass during this 
stage in development increases future fracture potential. 
In one study, the total body bone mass density (BMD) 
Z-score (mean±SD) was -0.78±1.02 for 58 children with 
CD and -0.17±0.95 for 49 healthy control children 
(P<.01).18 Of additional concern, the BMD Z-scores of 
the children with CD did not increase significantly after 
2 years, indicating that the rate of bone mineral accrual 
did not accelerate. 

Growth failure is another common complication of 
pediatric CD. Severe linear growth retardation occurs in 
up to 46% of patients; only about 12% have a normal 
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height velocity at the time of diagnosis. Indeed, Kanof 
and colleagues found that linear growth impairment in 
pediatric CD may precede weight loss and can be the 
earliest indicator of disease.19 The etiology of growth 
failure in these children is poorly understood; however, 
inflammation, poor nutrition, and steroid therapy appear 
to be its principal determinants.20 Whereas nutritional 
supplementation can improve the linear growth of chil-
dren with CD,21 current practice guidelines for managing 
growth failure emphasize that the effective and sustained 
cessation of active inflammation leading to a growth-pro-
moting remission should be the major treatment goal.22

Assessment and Prognosis in CD

The management of patients with CD depends strongly 
upon the physician’s assessment of the severity of dis-
ease. This assessment forms the basis for all therapeutic 
decision-making. In an ideal world, the physician would 
have a set of validated tools with which to accurately 
evaluate the severity of the disease at any given point and, 
similarly, would have a set of tools with which to make 
an accurate prognosis, thus allowing the alteration of the 
natural history of the disease by formulating a strategy 
to avoid hospitalizations and surgery, while minimizing 
short- and long-term toxicity and complications from 
therapy. In today’s world of increasing knowledge and 
treatment options, altering the natural history of CD is 
the ultimate goal.23  

In regard to prognostic factors in CD, extensive dis-
ease, stricturing disease, young age, and positive smoking 
history are well-known negative prognostic factors for 
hospitalization and surgery24; however, these are not highly 
accurate predictors for use on the individual patient level. 
In regard to measuring disease activity, no gold standard 
measure of clinical disease activity has been established.4 

In current practice, disease severity is established on the 
basis of clinical parameters, systemic manifestations, and 
the global impact of the disease on the individual’s quality 
of life. Composite indices of disease activity such as the 
Crohn’s Disease Activity Index (CDAI)25 have been used 
in controlled clinical trials to provide reliable and repro-
ducible correlates to clinicians’ and patients’ global assess-
ment of well-being.26 Although the CDAI is in wide use 
in research, it has many limitations that often preclude its 
use in clinical practice. First, the calculation of the CDAI 
is based on a diary filled out by the patient for 7 days before 
evaluation. Second, several of the items such as “general 
well-being” and “intensity of abdominal pain” are subjec-
tive and depend wholly on the patient’s perception. Third, 
the CDAI is not accurate in patients with fistulizing and 
stenosing behavior, nor is it useful in patients with previ-
ous extensive ileo-colonic resections or stoma.27 Lastly, the 

CDAI is subject to considerable interobserver variability. 
Even among experienced researchers in academic clinical 
practices or in industry-sponsored drug studies, much 
variation exists in the administration and implementation 
of the CDAI score. For example, Sands and colleagues 
found much disagreement among 100 such researchers on 
the definition of “liquid or very soft stools,” the recording 
of the number of stools, the recording of pain ratings, and 
the scoring of extraintestinal manifestations and fistulae. 
The recording of fever, the scoring for the use of opiates, 
and the standard for the weight variable also varied widely 
among respondents.28

Because of these limitations, many physicians use 
symptom-based classifications such as those published 
in the American College of Gastroenterology Practice 
Guidelines. Such classifications would describe, for 
example, mild-moderate CD as thus: “applies to ambula-
tory patients able to tolerate oral alimentation without 
manifestations of dehydration, toxicity (high fevers, 
rigors, prostration), abdominal tenderness, painful mass, 
obstruction, or greater than 10% weight loss.”29 Both 
the CDAI and other validated disease activity assessment 
scales, as well as symptom-based classifications, are useful 
in some ways for providing the physician a snapshot of 
disease activity. However, it has been argued that all cur-
rent classifications for CD focus predominantly on treat-
ing the present symptoms and not on the long-term treat-
ment goal of altering the natural history of the disease.23 

Laboratory Values for Assessment and Prognosis in CD
In the past 10 years, much interest has been generated in 
the use of laboratory values for the assessment of disease 
severity as well as for prognostic purposes. Currently, the 
two most commonly used parameters are the erythrocyte 
sedimentation rate (ESR) and the C-reactive protein 
(CRP) level. 

A study by Fagan and colleagues showed that both 
CRP and ESR correlate well with disease activity, although 
the correlation was better for CRP.30 However, a wide 
range of CRP values was observed and overlap existed 
between mild to moderate (10–50 mg/L), moderate to 
severe (50–80 mg/L), and severe disease (>80 mg/L). 

With regard to prognosis, the GETAID group 
pros pectively followed 71 CD patients with medically 
induced remission and measured laboratory markers (full 
blood count, CRP, ESR, α1 antitrypsin, orosomucoid) 
every 6 weeks.31 In total, 38 patients relapsed (defined as 
a CDAI score of > 150 with an increase of > 100 points 
from baseline) after a median of 31 weeks. Only 2 labora-
tory markers were predictive of relapse: CRP (>20 mg/L) 
and ESR (>15 mm). Patients positive for both markers 
had an 8-fold increased risk for relapse, with a negative 
predictive value of 97%, suggesting that normal CRP and 
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ESR could almost certainly rule out relapse in the next  
6 weeks. In contrast, the positive predictive value of hav-
ing both markers positive was only 15%, meaning that a 
double-positive result is not very useful for the prediction 
of relapse in the next 6 weeks. Therefore, the data indicate 
that CRP and ESR values can be helpful in predicting 
short-term incidence of relapse and can be integrated 
into the overall management of the patient. However, 
their level of accuracy and wide variation based on the 
patient’s current level of inflammation limit their use as 
stand-alone prognostic tools and as predictors of long-
term disease activity. 

Imaging Modalities for Assessment and Prognosis in CD
There are a number of imaging choices to evaluate disease 
severity and location in CD, each with advantages and 
drawbacks. These modalities include upper gastrointesti-
nal (GI) small-bowel follow-through, push enteroscopy, 
capsule endoscopy, computed tomography (CT) scanning, 
nuclear medicine imagining, and magnetic resonance 
imaging (MRI). Push enteroscopy has utility in evaluating 
patients with proximal small-bowel disease32; however, 
there are a number of drawbacks to this technique. It can 
only access about a third of the small bowel, it is invasive, 
it typically requires sedation and analgesia, and it carries 
a danger of perforation.33 Capsule endoscopy provides a 
novel alternative. Several studies in adults have suggested 
that capsule endoscopy has a superior diagnostic yield and 
sensitivity when compared with colonoscopy/ileoscopy, 
barium small-bowel follow-through, CT enterography, or 
MRI enterography.34-36 Drawbacks, however, include the 
inability of some patients to swallow the capsule, a risk 
that the capsule might become trapped within the GI 
tract and require surgical removal,37 and expense. 

In comparison, CT scanning is widely available and 
allows complete evaluation of the colon, but is, of course, 
associated with increased exposure to radiation. Radio-
labeled white blood cell scintigraphy allows detection of 
inflammatory disease and can distinguish between CD 
and UC; however, it is unreliable as a screening test for 
proximal small-bowel disease.38 MRI enterography, on 
the other hand, requires no ionizing radiation and yields 
excellent soft tissue contrast. It is useful for identifying 
fistulae and stenosis and in localizing affected bowel seg-
ments, especially in patients with more proximal bowel 
involvement.39 The cost of repeated MRI, however, may 
limit its use in clinical practice.

Although these imaging modalities are necessary and 
useful for the evaluation of disease activity and location 
in patients with CD, they carry significant disadvantages, 
including inconvenience of repeated imaging for the 
patient, radiation exposure, and expense. In addition, 
they offer very little in the way of prognostic value. 

Improved Prognosis and Patient Outcomes

Although the clinical features of a CD patient’s disease, 
combined with ESR and CRP data, offer the physician a 
certain amount of prognostic information, it is clear that 
the tools available at present are inadequate for the task of 
altering the natural history of the disease. CD is a chronic 
relapsing disorder with great heterogeneity in the course 
of the disease over time. Jess and colleagues found that, 
in the first 5 years after diagnosis, about 18% of patients 
experience an indolent disease course; 57% experience 
moderate disease activity; and 25% experience aggressive 
disease activity.12 If, instead of measuring disease severity 
at single time points, the physician could actually predict a 
patient’s future disease severity with high accuracy, overall 
strategies for CD management might change markedly. 
If the physician were able to identify aggressive disease 
phenotypes at diagnosis, he or she could advise a course 
of robust intervention and fast-acting, aggressive therapy. 
Similarly, when the physician is able to predict an indo-
lent disease course at diagnosis, he or she can concentrate 
on prescribing slower-acting therapeutic modalities with 
a low risk of toxicity or side effects. The ultimate tool, of 
course, would not only predict a patient’s disease course; 
it would also predict that patient’s response to an array of 
therapeutic options, allowing the physician to individu-
ally tailor each patient’s therapy to optimize outcomes and 
maximize therapeutic efficacy. 

Current Overview of Genetic and  
Serologic Predictive Markers

Over the past several years, much interest has developed 
in the role of genetic and serologic markers as prognostic 
tools in CD. As stable markers that can be tested non-
invasively, genetic polymorphisms and serologic proteins 
represent an appealing target for prognostic examination. 

 
The Predictive Role of Genetic Markers in CD
Data from human genetic studies have uncovered several 
genes that appear to be associated with CD (so-called 
“susceptibility genes”). Of these, the most well-character-
ized is the innate immune gene NOD2.40-42 NOD2 is a 
member of a family of intracellular cytosolic proteins that 
plays a role in the secretion of antibacterial substances 
in response to the presence of bacterial antigens.43,44 It is 
found in epithelial cells of the small and large intestine, 
as well as monocytes, macrophages, T and B cells, Paneth 
cells, and dendritic cells.45-47 At least 27 mutations of the 
NOD2 gene have been described, but the majority of sus-
ceptibility has been attributed to 3 common mutations:  
R702W and G908R, which are missense mutations, and 
1007fs, a frameshift mutation.42,48,49
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Studies have shown that the presence of certain 
mutations at the NOD2 locus is prognostic of a more 
aggressive and complicated disease course. In 2002, 
Abreu and colleagues found that CD patients carrying 
NOD2 mutations were nearly 3-fold more likely to have 
fibrostenosing disease than were similar CD patients 
without NOD2.50 

In another study, Lesage and colleagues found that 
carrying more than 1 mutation in the NOD2 gene was 
particularly indicative of an aggressive disease course. 
The authors analyzed NOD2 sequence data from 453 
patients with CD, 159 patients with UC, and 103 
healthy control subjects.51 No NOD2 sequence muta-
tions were found to be associated with UC, but 50% 
of patients with CD carried at least 1 mutation in the 
NOD2 gene. Of the 67 sequence variations that the 
authors identified from the CD patients’ NOD2 genes, 
the variants R702W, G908R, and 1007fs represented 
32%, 18%, and 31%, respectively, of the total. Interest-
ingly, the authors found that 17% of CD patients had a 
double mutation in the NOD2 gene and these patients 
were characterized by a younger age at onset (16.9 years 
vs 19.8 years; P=.01), a more frequent stricturing pheno-
type (53% vs 28%; P=.00003), and less frequent colonic 
involvement (43% vs 62%; P=.003) than were seen in 
those patients who had no mutation. The proportion 
of familial and sporadic cases and the proportion of 
patients with smoking habits were similar in the groups 
of patients with CD with or without mutations. Based 
on the data from these studies, it is clear that certain 
mutations in the NOD2 gene confer a significantly 
elevated risk for an aggressive disease course, particularly 
in patients with double mutations. 

The Role of Serologic Markers in Determining  
CD Disease Behavior
Serologic testing in IBD was first initiated in an effort to 
differentiate disease states in patients with indeterminate 
colitis. Early studies from the 1990s suggested that anti-
Saccharomyces cerevisiae antibody (ASCA) was associated 
with CD and that perinuclear antineutrophil cytoplas-
mic antibody (pANCA) was associated with UC.52,53 
Eventually investigators realized that ASCA and pANCA 
screening were useful for differentiating disease states 
only in some patients—between 30% and 50% of the 
IBD population could not be evaluated accurately with 
these markers because they did not screen positively for 
either of them. This is particularly true for patients with 
indeterminate colitis (IC).54 

Research into the role of ASCA and pANCA testing 
in IBD was not, however, abandoned. More recently, their 
role as prognostic factors has been fruitfully explored. 
Several studies from the past 5 years indicate that, among 

patients who already have a diagnosis of CD, ASCA and 
pANCA testing can help to identify those who are at 
high risk for early complications and the need for surgery. 
Forcione and colleagues conducted a case-control study 
in 2004 and showed that positivity for ASCA seems to 
define a subgroup of CD patients that are at risk for early 
surgery.55 The study enrolled 35 newly diagnosed adult 
patients with CD who had surgery within 3 years of diag-
nosis (cases) and compared these patients with 35 control 
patients with CD who did not undergo major surgery for 
CD within 3 years of diagnosis. Control patients were 
matched for age, sex, disease location, and smoking status. 
The authors found that ASCA immmunoglobulin (Ig)A 
positivity was associated with an over 8-fold increased risk 
of early surgery and that ASCA IgG positivity was associ-
ated with a 5-fold increased risk.

Because of these promising data, researchers con-
sidered other markers that could be added to ASCA 
and pANCA in order to improve the utility of serologic 
testing for prognostic purposes. Early data from Landers 
and colleagues demonstrated that there are subsets of 
CD patients with differing immune responses to several 
microbial antigens, including Escherichia coli outer-
membrane porin C (OmpC) and Pseudomonas fluore-
scens–related protein (I2).56 They found that the level of 
immune response to these antigens, as well as the level of 
ASCA and pANCA, was stable over time for each patient 
and did not significantly vary even with changes in disease 
activity. The authors concluded that, rather than a global, 
characteristic “Crohn’s” loss of tolerance to these antigens, 
CD patients make up a heterogeneous population in 
which there are various patient subsets that have differing 
responses to microbial and autoantigens. 

Subsequent studies were able to demonstrate that the 
number of immune responses to the different microbial 
antigens and the magnitude of these immune responses 
correlated with the presence of complicated CD pheno-
types. In one such study by Mow and colleagues, sera 
from 303 CD patients were tested for antibodies to 
I2, OmpC, ASCA, and pANCA, as well as for 3 CD-
associated variants of the NOD2 gene (R702W, G908R, 
and 1007fs) and the results were compared with clinical 
data.57 The investigators found that patients with antibod-
ies against I2 were more likely to have fibrostenosing CD 
(64.4% vs 40.7%; P<.001) and to require small-bowel 
surgery (62.2% vs 37.4%;P<.001). Patients positive for 
anti-OmpC were more likely to have internal perforating 
disease (50.0% vs 30.7%; P=.001) and to require small 
bowel surgery (61.4% vs 44.2%; P=.003). Patients triply 
positive for ASCA and antibodies to I2 and OmpC were 
the most likely to have undergone small-bowel surgery 
compared with patients without reactivity (72.0% vs 
23.0%; odds ratio [OR]=8.6; P<.001). 
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A second study from this group focused on CBir1 
(flagellin), a microbial antigen that produces strong 
adap tive immune responses in mouse models of colitis.58 

Targan and colleagues tested sera from 484 CD patients 
that had been previously typed for ASCA, pANCA, and 
antibodies to I2 and OmpC. The investigators found that, 
as with antibodies to I2 and OmpC, there were a subset 
of CD patients who tested positive for anti-CBir1 and 
that this positivity stayed relatively constant regardless of 
disease activity (Figure 1). The data also showed that the 
expression of anti-CBir1 was associated independently 
with small-bowel disease (OR=2.16; P=.009), internal-
penetrating disease (OR=2.01; P=.006), and fibrostenos-
ing disease (OR=1.71; P=.03). 

These results were extended into the pediatric popu-
lation by Dubinsky and colleagues in their prospective 
multicenter study published in October of 2008.59 

Sera from 796 pediatric CD patients were tested for 
anti-CBir1, anti-OmpC, ASCA, and pANCA, and the 
patients were followed over time. After a median follow-
up of 32 months, 32% of the patients had developed at 
least 1 disease complication, and 18% underwent sur-
gery. As in the adult population, children with antibody 
positivity were more likely to develop a complication: 
9% of the seropositive patients had internal penetrat-
ing/stricturing disease versus 2.9% in the seronegative 
group (P=.01). Twelve percent of the seropositive group 
underwent surgery versus 2% in the seronegative group 
(P=.0001). In addition, the frequency of internal pen-
etration, stricturing, and surgery significantly increased 
with increasing antibody levels in this cohort, as did the 
rate of disease progression. The authors also looked at the 
correlation between antibody positivity and disease loca-
tion, and they found that ASCA positivity was associ-
ated with small-bowel disease (OR=2.9, 95% confidence 
interval [CI]: 2.1–4.0; P<.0001) and pANCA positivity 
was associated with large-bowel disease (OR=4.0, 95% 
CI: 1.8–8.8; P<.0001). See Figure 2. 
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The Relationship Between Genetic and  
Serological Markers and Prognosis in CD
With the accrual of these genetic and serological data, it 
became clear that there could be a relationship between the 
genetic susceptibility conferred by NOD2 mutations and 
the immune reactivity to microbial antigens that seemed 
to define various subsets of patients with CD. Beckwith 
and colleagues first studied the question of the mecha-
nism by which NOD2 mutations confer susceptibility to 
the development of CD through animal model studies. In 
mice, the “cytokine-deficiency-induced colitis susceptibil-
ity 1” gene (Cdcs1) is a major modifier of murine IBD. 
In the C3Bir interleukin-10–deficient mouse model, 
the presence of a mutation in the Cdcs1 gene has been 
associated with an impairment of innate responsiveness to 
bacterial antigens, including CBir1. Interestingly, in this 
mouse model, a hyperresponsive increase in the adaptive 
CD4+ T-cell response to bacterial antigens has been dem-
onstrated. This hyperresponsiveness on the part of the 
adaptive immune system overcompensates for the weak-
ness in the innate immune system and leads to chronic 
intestinal inflammation.60

Devlin and colleagues then explored the idea that 
a similar situation may occur in human patients with 
CD.61 The authors hypothesized that loss-of-function 
mutations of the NOD2 gene could conceivably result in 
an overly compensatory adaptive immunologic response 
to microbial antigens and lead to the development of 
chronic intestinal inflammation. To test this idea, they 
enrolled a cohort of 732 unrelated CD patients, 220 
unaffected relatives of the patients with CD, and 200 
healthy controls in their study. Sera from the study 
participants were tested for ASCA and antibodies to I2, 
OmpC, and CBir1. DNA from the same subjects was 

tested for 3 of the CD-associated variants of the NOD2 
gene (R702W, G908R, and 1007fs). The authors found 
that NOD2 mutations were indeed associated with a 
hyperresponsive adaptive immunologic response. In 
those patients carrying any NOD2 variant, the mean 
number of positive antibody tests was higher than in 
those carrying no variant (2.24±1.21 vs. 1.92±1.24, res - 
pectively; P=.0008). Moreover, patients carrying any 
NOD2 variant had a significantly elevated cumulative 
serologic response to all 4 antigens when compared with 
patients carrying no variant. Interestingly, the same 
results were found among the unaffected relatives of the 
CD patients. Those relatives that carried NOD2 vari-
ants had a significantly elevated cumulative serologic 
response to all 4 antigens when compared with relatives 
carrying no variant.

Shortly thereafter, Papadakis and colleagues reported 
similar results that tied together NOD2 mutations, 
reac tivity to CBir1, and complicated disease.62 In their 
study, sera were collected from 731 patients with CD 
and tested for anti-CBir1, and the patients’ genomic 
DNA was tested for CD-associated NOD2 variants. In 
this cohort, there was a statistically significant association 
between the presence of NOD2 variants and the mean 
serum level of CBir1 antibodies in patients who did test 
positive for anti-CBir1. The mean anti-CBir1 level was 
28.36 (range, 3.01–257) in anti-CBir1-positive patients 
with no NOD2 variants and 33.83 (range, 0–280) in 
anti-CBir1-positive patients with at least one NOD2 
variant (P=.01). With regard to the association between 
anti-CBir1 and complicated disease, a multivariate log - 
istic regression analysis showed that anti-CBir1 was 
independently associated with fibrostenosis and a com-
plicated/penetrating disease phenotype, irrespective of 
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Figure 3. Quantitative antibody 
responses to 3 versus 4 antigens 
enhances the discrimination of 
fibrostenosis (FS), internal penetrating 
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patients’ positivity for ASCA, anti-I2, and anti-OmpC. 
However, the magnitude of anti-CBir1 reactivity, when 
added to the quantitative response toward the other 3 
CD-associated antigens, did enhance the discrimination 
of fibrostenosis, internal penetration, UC-like CD, and 
small-bowel involvement (Figure 3). 

In sum, the current data indicate that, for many 
patients with CD, the presence of mutations in the innate 
immunity gene NOD2 result in an overcompensatory 
response by the adaptive immune system. This hyperre-
sponse seems to lead to the formation of antibodies to 
microbial antigens such as oligomannan (ASCA), CBir1, 
I2, and OmpC. These antibodies appear to play a major 
role in the development of chronic intestinal inflamma-
tion, such that both increasing numbers of positive anti-
body tests as well as the strength of the response to each 
antigen are associated with a complicated and aggressive 
disease course. 

Individualizing Therapy Based on  
Genetic and Serologic Prognosis

With these genetic and serologic data in mind, clinicians 
have the ability to use laboratory and genetic testing 
information in order to stratify patients relative to their 
risk of disease progression from the time of diagnosis. This 
approach permits physicians to develop a more individu-
alized treatment plan for each patient and will empower 
them to explain the risk/benefit ratio of these treatments 
to patients and families in a manner that is backed by 
concrete data. 

This has become particularly important over the 
past decade with the increasing use of biologic therapies. 
Although these therapies have been proven effective in 
clinical trials, they also carry a small but real risk of lym-
phoma and opportunistic infection.63 Because of the risks 
and expense associated with biologic therapies, there has 
been much discussion regarding their optimal role in the 
treatment of CD. Should these agents be saved as a last 
resort for the patient who has failed therapy with corti-
costeroids or immunomodulators, or should they be used 
early and aggressively in order to arrest the disease course 
before it becomes complicated?64 

This so-called “step-up versus top-down” debate has 
proponents and critics on both sides, and it is outside 
the scope of this review to discuss all of the available 
clinical trial data. Nonetheless, the identification of 
those patients at greatest risk for rapid disease progres-
sion would be of great value in stratifying patients at the 
time of diagnosis into a more or less aggressive treatment 
paradigm—be it surgical, medical, or biologic. The most 
current data suggest that genetic markers and serological 
markers of immune reactivity can identify those patients 

most likely to benefit from the early use of aggressive 
therapies, and that physicians can use this information 
to begin to meet the goal of altering the natural history 
of disease.

Dr. Lichtenstein serves as a consultant to Prometheus 
Laboratories and acknowledges the support of Prometheus 
Laboratories for development of this manuscript.
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