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Increased Prevalence of Luminal Narrowing and Stricturing
Identified by Enterography in Pediatric Crohn Disease Patients
with Elevated Granulocyte-Macrophage Colony Stimulating
Factor Auto-antibodies

Dana M.H. Dykes, MD1,*, Alexander J. Towbin2, Erin Bonkowski1, Claudia Chalk3, Ramona
Bezold1, Kathleen Lake1, Mi-Ok Kim, PhD4, James E. Heubi, MD1, Bruce C. Trapnell, MD3,
Daniel J. Podberesky, MD2, and Lee A. Denson, MD1,*

1Department of Pediatrics, Gastroenterology, Hepatology, and Nutrition, Cincinnati Children's
Hospital Medical Center and the University of Cincinnati College of Medicine, Cincinnati, OH
2Department of Radiology, Cincinnati Children's Hospital Medical Center and the University of
Cincinnati College of Medicine, Cincinnati, OH
3Department of Pediatrics, Pulmonary Biology, Cincinnati Children's Hospital Medical Center and
the University of Cincinnati College of Medicine, Cincinnati, OH
4Department of Pediatrics, Biostatistics and Epidemiology, Department of Pediatrics, Cincinnati
Children's Hospital Medical Center and the University of Cincinnati College of Medicine,
Cincinnati, OH

Abstract
Background—Crohn disease (CD) patients with elevated Granulocyte-Macrophage Colony-
Stimulating Factor auto-antibodies (GM-CSF Ab) are more likely to develop stricturing behavior
requiring surgery. Computed Tomography or Magnetic Resonance Enterography (CTE or MRE)
may detect luminal narrowing (LN) prior to stricture development.

Objective—To determine whether CD patients with elevated GM-CSF Ab (≥ 1.6 mcg/mL) have
a higher prevalence of LN and stricturing on CTE or MRE.
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Methods—A single center, cross-sectional study of 153 pediatric CD patients and controls
undergoing CTE or MRE. A novel scoring system evaluated for disease activity, presence of LN,
stricture, intra-abdominal abscess, or fistulae Ouutcomes were compared with respect to antibody
status using Fisher's exact test, logistic regression, and the unpaired t-test.

Results—GM-CSF Ab were elevated in CD patients (n=114) with a median (IQR) GM-CSF Ab
level of 2.3 mcg/mL (0.5, 6.6) compared with healthy and disease controls, p=0.001. Ileal disease
location was more common in CD patients with high GM-CSF Ab, p<0.001. Luminal narrowing
increased from 39% in CD patients with low GM-CSF Ab to 71% in those with high levels
(p=0.004). High GM-CSF Ab remained significantly associated with LN in a multivariate logistic
model. Stricturing increased from 4% in CD patients with low GM-CSF Ab to 19% in those with
high GM-CSF Ab (p=0.03).

Conclusions—Pediatric CD patients with high GM-CSF Ab levels have a higher prevalence of
LN on CTE or MRE. Further study will be needed to determine whether medical therapy will
reduce progression to stricturing behavior in these patients.

Keywords
Pediatric Crohn disease; Granulocyte-Macrophage Colony Stimulating Factor; cytokine auto-
antibody; stricture; luminal narrowing; enterography; CT enterography; MR enterography; CTE;
MRE

Introduction
The incidence of Inflammatory Bowel Disease (IBD) in children has doubled over the last
two decades to 2.44 cases/100,000 people/year with most new cases being Crohn Disease
(CD).1 Patterns of CD behavior vary by age and are classified as inflammatory, stricturing
(narrowing and blockage of the intestine), internal penetrating (development of fistulae or
abscesses), or both stricturing and penetrating.2-5 Patients diagnosed during the pediatric
period frequently have more aggressive disease and up to 34% of these patients require
surgery within 5 years of diagnosis.2,3,6,7

Granulocyte-Macrophage Colony-Stimulating Factor auto antibodies (GM-CSF Ab) have
been identified as a new biomarker in CD which is stable over time and elevated levels have
been shown to be an independent risk factor for complicated behavior and ileal disease
location.8 First identified in patients with pulmonary alveolar proteinosis, GM-CSF Ab
affects mucosal barrier function andanti-microbial sero-reactivity in mice and in humans.8-10

Patients with CD and high GM-CSF Ab typically have ileal disease location and exhibit
rapid progression of disease marked by a two-fold higher risk of strictures, penetrating
disease, and surgery.8 While GM-CSF Ab has the benefit of predicting disease behavior in
the absence of other biomarkers, the positive predictive value for identifying patients likely
to have complicated behavior at 1 year is 21% and 52% at 5 years and is not superior to
other existing biomarkers.8 These data are based on defining stricturing by the less sensitive
radiographic technique small bowel follow through (SBFT), or at the time of surgery after
disease has progressed.8

While SBFT is still considered an acceptable choice for small bowel imaging, computed
tomography enterography (CTE) has largely replaced SBFT as the radiologic gold standard
for the identification of small bowel disease in adults due to sensitivities ranging from
83-95% compared with SBFT 32-65%.11-13 CTE also has the capability to detect extra-
enteric disease, a feature lacking with SBFT or capsule endoscopy.11-14 At our own
institution and in other centers, investigations focused on the radiation free alternative
magnetic resonance enterography (MRE) have found comparable, although slightly lower
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sensitivities than CTE, but available evidence indicates that both modalities should be
considered acceptable options for the management of pediatric CD.12,13,15,16 Both
modalities have been shown to affect changes in medical management and physician's
assessment of disease activity.17-19

Application of highly sensitive enterography techniques for high-risk CD patients may
permit detection of early lesions prior to the development of complications when
medications might still be altered. Specifically, patients at risk for stricture such as those
with high GM-CSF Ab levels would be potential beneficiaries of the combination of
sensitive CTE and MRE techniques and biomarkers for disease behavior, particularly since
available information about disease progression was based on less sensitive SBFT or surgery
after disease had already progressed. While the detection of active inflammation using CTE
and MRE features such as mucosal hyper enhancement, bowel wall thickening, and mural
stratification have been shown to correlate well with histologic inflammation, early
prediction of lesions that may progress to stricture has proven difficult, and there is no
standard mechanism to identify radiographic features associated with progression to more
severe complications such as stricture.12,13,15-17,20-24 Luminal narrowing (LN), or
narrowing of the intestinal lumen without pre-stenotic dilation or fecalization suggestive of
true stricture, may sometimes be indicative of early or “low-grade stenosis” without signs of
obstruction and has emerged as a potential feature which may predict future stricture sites
and is observed with and without other signs of inflammation.16,22,25 Patients with luminal
narrowing without signs of obstruction have been shown to be more responsive to medical
therapy than patients with both luminal narrowing and pre-stenotic dilation indicative of
fixed stricture.25 Further investigation into this particular lesion would help determine if it is
present with greater frequency in patients at highest risk for development of stricture and if
these lesions progress to true stricturing disease.

We hypothesized that patients with CD and elevated GM-CSF auto-antibodies would have a
significant increase in the prevalence of LN visualized by CTE and MRE. In addition, we
hypothesized that patients with elevated GM-CSF Ab would have a greater cumulative
number of radiologic features of disease severity and active disease using a score based on
previously validated indices of mucosal inflammation.

Methods
Patients

The Institutional Review Boards at Cincinnati Children's Hospital Medical Center
(CCHMC) and the University of Cincinnati (UC) approved this study. Patients were eligible
for inclusion if they fulfilled the following criteria: (1) age greater than five years, (2) signed
parental permission from parents and/or child's assent if over age 11, (3) clinically indicated
CTE or MRE. Exclusion criteria included children five years of age or younger, and there
was no upper age limit for study inclusion. A total of 51 with CD had previously undergone
CTE or MRE and had GM-CSF Ab testing available and were available for inclusion. An
additional 120 patients were prospectively recruited at the time of CTE or MRE.
Prospectively recruited patients were included regardless of diagnosis. Clinical, diagnostic,
and demographic data were collected for all patients.

GM-CSF Ab
Patients underwent blood testing for GM-CSF Ab at the time of enterography if no
previously collected sample was available. GM-CSF Ab was measured in serum using
enzyme-linked immunosorbent assay (ELISA) at our facility. The intra-assay coefficient of
variation (CV) for the test is 4.3%, while the inter-assay CV is 10.3%. Based upon our
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previous study of CD patients, risk for ileal disease location and stricturing/penetrating
disease behavior increased for patients with active CD in whom the GM-CSF Ab level was
greater than the previously reported pediatric CD median value of 1.6 mcg/mL, and this was
used as the cut-off for high vs low.8

Enterography
Patients underwent clinically indicated CTE or MRE as dictated by their primary
gastroenterologist. All enterographies were performed using standard imaging protocols.
Patients were not sedated and were required to have nothing by mouth for four hours prior to
the procedure. Besides this, they did not undergo any bowel preparation prior to arriving for
imaging. Patients consumed 20 mL/kg of low-osmolality iodinated contrast material
(VoLumen; Bracco Diagnostics Inc., Princeton, NJ) one hour before the procedure to a
maximum dose of 1350 mL over 30 - 45 minutes and followed by 8 oz water. Patients
undergoing CT examinations were given a 2ml/kg IV dose of contrast up to a maximum of
100mL (Opti-ray; Mallinckrodt, Inc., St. Louis, MO). The exam was then performed on a
helical or volume CT scanner with 3.0mm slices and no slice overlap. The tube current (mA)
and kVp were adjusted by patient size/weight. Reformatted coronal images were routinely
available for review. For MRI exams, patients were given a 0.3 mg of glucagon
subcutaneously before precontrast images were obtained. Subsequently a second 0.3 mg
dose of glucagon was given by slow IV push was given and immediately followed by a 0.1
mmol/kg IV dose of gadolinium-based contrast material (Magnevist; Bayer Healthcare
Pharmaceuticals, Wayne, NJ). All MR examinations were performed on a 1.5-T MR scanner
with an 8-channel phased array body or cardiac coil. Standard MRE included a minimum of
nine sequences including a dynamic cine peristalsis sequence.

Each CTE or MRE test was evaluated by two pediatric radiologists blinded to the subjects
GM-CSF Ab value (readers 1 and 2). Features identified as primary or secondary outcomes
were labeled as present or absent and included luminal narrowing (narrowing of the
intestinal lumen only with no signs of obstruction), stricture (narrowing of the lumen with
pre-stenotic dilation or fecalization), intra-abdominal abscess, phlegmon, and internal fistula
(see Figure 1). The entire exam was reviewed to identify areas of luminal narrowing.
Surgical findings were used to confirm stricturing and penetrating outcomes if available. In
the case of discrepancy between the readers or no surgery, a consensus reading was used to
determine these outcomes.

A score of disease extent or “Intestinal Severity Score” (ISS) was determined by totaling
previously reported findings shown to correlate well with active inflammation as well as the
number of intestinal segments affected.15-17,22,23 These features are shown in Figure,
Supplemental Digital Content 1, http://links.lww.com/IBD/A186. All findings were
recorded as “absent” or “present (scored “0” or “1”) with the exception of skip lesions which
were scored from 0 to 3 (see Figure, Supplemental Digital Content1, http://links.lww.com/
IBD/A186). Luminal narrowing, stricturing, and penetrating outcomes were not included in
the ISS since these outcomes were evaluated separately. The ISS for readers 1 and 2 was
averaged to derive the ISS for each subject. Inter-reader reliability was recently evaluated
using MR-E at our institution and was found to be moderate with a kappa of 0.59.16 Extent
and severity of disease activity were determined using the “Intestinal Severity Score” (ISS).
Scores were determined by cumulative number of radiologic signs of inflammation and
number of diseased segments affected. Scores were determined separately for each
radiologist and averaged to determine the final result. Agreement between radiologists was
determined using Pearson correlation coefficient..
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Statistical analysis
Statistical analysis was performed using SAS version 9.3 (SAS Institute, Inc., Cary, NC) and
GraphPad PRISM version 5.03 (GraphPad Inc., San Diego, CA). Power analysis was
performed using previously reported data that at least 30% of patients would develop
complicated disease behavior after two years of disease, and that the rate of complicated
disease behavior is at least 2.5 times higher for patients with high GM-CSF antibody.7,8

Under these assumptions, we predicted that a sample size of 130CD patients would have
greater than 80% power with α=0.05 to detect a difference in stricturing between those with
high and low GM-CSF Ab. Continuous variables were analyzed using the unpaired t-test
and dichotomous variables using Fisher's exact test, ANOVA, or a nonparametric
alternative. Multiple variable logistic regression was used to further evaluate the relationship
between GM-CSF Ab levels (high or low using a 1.6 mcg/mL cut-off) and luminal
narrowing while controlling for age, gender, duration of disease, and disease location.

Results
Clinical and Demographic Features

A total of 169 patients were enrolled in the study, but 14 did not complete either the CTE/
MRE examination or GM-CSF Ab testing and were not considered for analysis. Two
patients were prospectively enrolled at the time of enterography but had already undergone
GM-CSF Ab testing and at least one CTE or MRE examination and were considered
duplicates. Non-completers did not complete the radiology portion of the examination due to
a change in clinical decision or patient preference. The remaining 153 patients included114
with CD and 39 healthy and disease controls. Patients without CD and conditions not
typically associated with elevated GM-CSF Ab levels or small bowel disease were
considered controls. Patients with chronic abdominal pain accounted for 56% of controls,
while the remainder had either ulcerative colitis (UC, n=7), indeterminate colitis (IC, n=2),
or “other diagnoses”, n=8. There was no significant difference in gender, age, or race
between the CD patients or the healthy and disease controls (data not shown). MR-E
examinations accounted for 74% of all examinations for patients with and without CD.

Serum GM-CSF Ab Concentration is Increased in CD Patients
As expected, the median (IQR) GM-CSF Ab level for CD patients was significantly elevated
at 2.3 mcg/mL (0.5, 6.6) compared with the non-CD median of 0.6mcg/mL (0.3, 1.3),
p<0.001. GM-CSF Ab levels varied between diagnostic groups with the highest levels
present in patients with CD (Figure 2). When groups were compared individually using the
Kruskal-Wallis test, the CD median(IQR) of 2.3 mcg/mL (0.5, 6.6) was significantly higher
than in patients with chronic abdominal pain which had a median (IQR) of 0.4 mcg/mL (0.6,
1.3), p<0.05. Comparisons between other diagnoses were not significant, likely due to low
group numbers.

GM-CSF Ab and Crohn Disease Characteristics
CD patients were examined with respect to GM-CSF Ab status. Antibody status was
categorized as high or low based on our previous data showing increased risk of strictures
and surgeries for patients with serum concentration ≥ 1.6mcg/mL.8 The mean(SD) age of the
CD patients was 15 (6) years with a mean(SD) disease duration of 2.8 (3.2) years, neither of
which differed by serum GM-CSF Ab concentration (Table 1). Patients diagnosed within
two months of enrollment accounted for 30% (n=37) of the cohort. The mean(SD) follow-up
period after CTE or MRE was equal to 9.4 (11) months and did not differ by serum GM-
CSF Ab concentration. Similar to the entire cohort, MR-E accounted for 74% of
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enterography examinations for patients with CD and did not differ by antibody status (Table
2). Gender, race, and age were similar between groups.

Patients were classified according to the Paris Classification system for categorization of
pediatric IBD phenotypes.5 Using the Paris age groupings by age at diagnosis, 70% of
patients were categorized as A1b (age 10 to 17 at diagnosis) and the remainder were A1a or
A2. There was no difference in age at diagnosis between the high and low GM-CSF Ab
groups (data not shown). As expected, 92% of the GM-CSF Ab high patients exhibiting ileal
disease location compared with 55% of those with lower GM-CSF Ab, p<0.001 (Table 1).
Complicated disease behavior (Paris criteria B2, B3, or B2B3) was seen in 45% of high
GM-CSF Ab patients, compared with 20% of the GM-CSF Ab low patients, p<0.01. When
separated out by individual Paris criteria for behavior, there was no difference in prevalence
of penetrating behavior or combination stricturing/penetrating behavior, but the prevalence
of stricturing behavior alone was nearly four times higher in patients with high compared
with low GM-CSF Ab, p<0.01 (Table 1).

Previous medication exposures were examined with respect to GM-CSF antibody status.
Patients with both high and low GM-CSF Ab had high rates of exposure to corticosteroids,
aminosalicylates, immuno modulators (methotrexate, 6-mercaptopurine, azathioprine), and
anti-tumor necrosis factor (anti-TNF) agents such as infliximab, with 40-85% of patients
having been exposed to each medication (data not shown). With the exception of oral
corticosteroids, there was no difference in exposure to each medication class when patients
were stratified by antibody status. Patients with high GM-CSF Ab were less likely to have
been exposed to corticosteroids with 63% of patients having been exposed, compared with
85% of the low antibody group, p = 0.03. Neither methotrexate nor topical steroid use
differed by GM-CSF antibody status, and both were used infrequently compared to other
medications with only 14-16% of patients being exposed to either medication class (data not
shown). There was no difference in medication exposure with respect to the primary
outcome of luminal narrowing.

Serum GM-CSF Ab is Increased in CD Patients with LN or Stricturing on Enterography
It was not known whether GM-CSF Ab would be elevated in CD patients prior to the onset
of stricturing behavior. To test this, we compared the serum GM-CSF Ab concentration
between CD patients with inflammatory behavior (B1) and either LN, stricturing, or internal
penetrating behavior on the CTE or MRE exam. We found that the median (IQR) was
significantly different when compared by Kruskal-Wallis, with differences between
inflammatory and either LN or stricturing behaviors (see Figure 3). The median(IQR) serum
GM-CSF Ab concentration did not differ between the CD patients with internal penetrating
and inflammatory behavior, although this comparison was likely not adequately powered.
The serum GM-CSF Ab concentration did not differ between CD patients with LN versus
stricturing, demonstrating that GM-CSF Ab are elevated in CD patients with LN alone, prior
to the development of stricturing.

GM-CSF Ab and Overall Intestinal Disease Activity
The average ISS trended towards a higher value for CD patients with high GM-CSF Ab,
with a mean(SD) of 6.2 (3.0) compared to a score of 4.9 (4.0) in those with low GM-CSF
Ab, but this difference was not significant with p=0.07. When ISS scores were examined
across diagnostic categories, there was a difference between groups with p<0.001. The ISS
differed between CD patients and abdominal pain patients with a CD mean (SD) ISS of 5.6
(3.7) and abdominal pain with an ISS of 1.3 (1.8) and other diagnoses 1.4 (1.2), p<0.05.
There was no statistical difference in the ISS between CD, UC, or IC. ISS features most
commonly reported in abdominal pain patients included prominent lymph nodes, free fluid,

Dykes et al. Page 6

Inflamm Bowel Dis. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and bowel wall thickening without other signs of inflammation. Radiologists were noted to
have highly correlated ISS scores with a Pearson correlation coefficient of 0.81, p<0.001.

Patient symptoms collected at the time of CTE or MRE were classified according to the
Short Pediatric Crohn's Disease Activity Index (Short PCDAI) for patients with CD.26

Patients with UC or IC were classified by the Pediatric Ulcerative Colitis Activity Index
(PUCAI).26,27 ShortPCDAI scores for the CD patients indicated a mean (SD) of 28.8 (19.7).
A cut-off of 30 is typically used to differentiate between mild and moderate disease activity
and suggested most patients had mild or moderate disease.26 Among patients with CD, there
was no difference in Short PCDAI score by antibody status, luminal narrowing, or stricture.
PUCAI scores were high for both IC and UC patients and did not differ significantly, with
an overall average of 32.2 (17.9) indicating moderate disease activity.

Luminal Narrowing and Stricturing on Enterography are Increased in CD Patients with
Elevated GM-CSF Ab

We then asked whether LN or stricturing would be more common in those with elevated
GM-CSF Ab. CD patients who had previously undergone surgery for stricturing or
penetrating behavior were excluded from analysis of LN, stricturing, or penetrating
behavior. Luminal narrowing on CTE or MRE examination was investigated as a potential
marker for future stricture sites, so patients with patients with stricturing or penetrating
outcomes were not included in this analysis. Luminal narrowing was detected in 71% of
patients with high GM-CSF antibody compared with 39% of patients with low GM-CSF
antibody levels, p=0.004 (Figure 4A).

While the use of standard reporting techniques is felt to provide accurate interpretation of
luminal narrowing, particularly during CTE in which a limited number of images are
obtained, a secondary analysis of only MRE exams was performed in an effort to remove
any potential bias from CTE examinations. In this analysis, 62 MRE examinations were
evaluated, and luminal narrowing was observed in 69% of patients with high GM-CSF Ab
(n=35) compared with 33% of those with low antibody levels (n=27), p<0.005. Luminal
narrowing was not observed in any patients with chronic abdominal pain or other diagnoses.
Four patients with UC or IC had rectal luminal narrowing related to under-distension of the
colon.

Multiple logistic regression analysis was conducted to observe the effect of GM-CSF Ab on
luminal narrowing. Disease location, gender, duration of disease, and age at procedure were
controlled for in the analysis. In the univariate analysis, only disease location and GM-CSF
Ab were strongly associated with luminal narrowing, but in an effort to allow for potential
confounding between variables, all variables were included in the final analysis. After
controlling for these clinical and demographic variables, results confirmed that elevated
GM-CSF Ab ≥ 1.6mcg/mL is associated with luminal narrowing on CTE or MRE exam
(Table 2).

CTE or MRE was used to determine the presence or absence of stricturing and penetrating
outcomes, and was correlated with surgical pathology as the gold standard to confirm these
findings. In cases of a discordant reading between radiologists, a consensus radiologic report
was obtained. Among the 100 CD patients who had not previously undergone surgery for
complicated behavior, the prevalence of penetrating outcomes detected by CTE and MRE
did not differ between the high and low GM-CSF antibody groups. The CD patients with
elevated GM-CSF Ab were almost five times as likely to have a stricture at the time of CTE
or MRE (see Figure 4B). Of the 12 patients who were identified as having stricture by CTE
or MRE, 75% (n=9) ultimately underwent surgery which confirmed stricture. The remaining
patients (n=3) were managed medically. Collectively, these results confirmed a higher rate
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of LN and stricturing on CTE and MRE exams performed in patients with elevated GM-CSF
Ab.

Discussion
Previous studies and statistical models incorporating existing biomarkers such as ASCA,
OmpC, and CBir1 and genetic polymorphisms in the NOD2 gene may predict complicated
disease behavior.28,29 While helpful in some instances, available biomarkers have
limitations, particularly in the pediatric IBD population. Biomarkers such as ASCA and
pANCA may be absent in 50-70% of children who require early surgery.30 In addition,
biomarker patterns may change with age and could limit their utility depending on when
they are measured.31 In an effort to improve the use of biomarkers to predict disease
behavior, we present the first study to combine a biomarker, GM-CSF Ab, with a sensitive
radiologic technique, CTE and MRE, in order to guide future efforts to target these high-risk
individuals for more aggressive screening or medications earlier in disease course.

We propose that luminal narrowing on CTE and MRE may suggest sites of early stricture
formation. The results of this study confirmed a significantly higher rate of luminal
narrowing in patients with high GM-CSF Ab levels. Although the approach to luminal
narrowing employed by radiologists involved in this study conforms to standard of care, due
to concerns that CTE may falsely identify luminal narrowing, a secondary analysis using
MRE only confirmed a higher prevalence of luminal narrowing for patients with high GM-
CSF Ab.32 While these patients have been followed for only a short time, both patients who
progressed to stricture had elevated GM-CSF Ab and one had luminal narrowing. While this
study was not powered sufficiently to determine if this progression to stricture is significant,
the high correlation between GM-CSF Ab and luminal narrowing in a group at high risk for
stricturing suggests that luminal narrowing and progression to stricture warrants further
investigation.

Prospective evaluation of luminal narrowing as a risk for progression to future stricturing is
not described in the literature, but this data serves as a first step to identify CTE or MRE
features which may help improve the identification of early stricture sites in high-risk
patients. The presence of both luminal narrowing and pre-stenotic dilation, or “hold-up,” on
CTE and MRE examination has been used as the strict radiologic definition of stricture.21,33

Using these criteria, enterography has been shown to accurately identify strictures and is
better than physician clinical assessment to determine the presence of true stricture.17,33

Patients with both luminal narrowing and “hold-up” (or pre-stenotic dilation) are less likely
to respond to medical therapy than patients with luminal narrowing alone.25 Responsiveness
of luminal narrowing to medical therapy supports the idea that these lesions may represent
strictures at a stage when medical therapy may change progression of disease.25 These areas
of luminal narrowing may progress to future stricture development in patients with high risk
for stricture such as those with high GM-CSF Ab. Future studies will be necessary to
determine if early treatment with medications such as infliximab may prevent progression to
clinically evident stricture.

The secondary outcome of this study was to confirm that enterography would identify a
higher prevalence of complicated disease behavior. While we found a significant increase in
both prevalence of strictures and progression to surgery during follow-up, the prevalence of
penetrating outcomes was not significantly different among patients with high versus low
GM-CSF Ab. In the initial cohort published by Han et al, stricturing and penetrating
outcomes were analyzed collectively.8 Further analyses of larger prospective cohorts may
help define if the presence of GM-CSF Ab increases the risk for stricturing alone, or if the
current findings resulted from under powering.
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In addition to evaluation of stricturing and penetrating outcomes, we attempted to evaluate
whether patients with elevated GM-CSF Ab showed a greater disease extent and severity on
enterography. In the absence of a simple and universally accepted score to assess disease
severity using enterography, we created the ISS as a cumulative score of previously reported
and validated individual radiologic features associated with active CD, but for simplicity did
not judge severity of individual lesions.11-13,15,16,22,24,33 Despite the excellent correlation
between CTE and MRE findings and inflammation and the development of scoring tools
such as the “Magnetic Resonance Index of Activity” Score (MaRIA) for adults, available
tools can be cumbersome and there is no validated scoring tool for disease activity in
pediatrics.22,23 We did not attempt to stratify features that have been associated with
inflammation (mucosal hyper enhancement) versus fibrosis (bowel wall thickening) since
these associations are not uniformly agreed upon.16,20,21,24,25 Among our cohort of patients
we did not observe a statistical difference in the ISS between high and low GM-CSF Ab
patients. All patients were undergoing enterography due to concerns of active disease at the
time of enterography and had similar patient reported symptoms according to the Short
PCDAI. While assessment of inflammation alone did not prove different between high and
low antibody groups, luminal narrowing has been described in the absence of inflammation
and was quite different between groups.16,19,25 The presence of similar levels of
inflammation and patient reported symptoms using the short PCDAI suggests that the use of
other data such as luminal narrowing may prove to be a useful tool to predict disease
progression for patients at high risk of early severe disease behavior.

While cross-sectional in nature, the phenotype of CD patients enrolled in the study
confirmed the expected phenotype of patients with high versus low GM-CSF Ab. Patients
exhibited increased prevalence of ileal disease location (L1/L3) and early complicated
disease behavior (B2, B3, or B2B3) for individuals with high GM-CSF Ab reproduced the
findings in the original cohort described by Han et al in which high antibody levels were
shown to be independently associated with both ileal disease and disease behavior.8 The
prevalence of any complicated disease behavior was significantly different by antibody
status, but the difference derived predominantly from differences in stricturing prevalence
which was higher in patients with high GM-CSF Ab (see Table 1). Outcomes at
enterography again suggested this trend, with a difference in stricturing but not in
penetrating behavior. Our findings recapitulate the relevance of GM-CSF Ab as a risk factor
for early complicated disease behavior, particularly stricturing.

Although the results of this study suggest important implications for the combination of
sensitive radiologic techniques with existing biomarkers, this study did have some unique
strengths and limitations. Our institution has the benefit of being both a regional referral
center as well as a large quaternary medical center, so the results should be generalizable to
other patients with CD. Other strengths include highly experienced radiologists with a
special interest in using enterography for pediatric patients. Previous studies have found fair
to good interobserver agreement for both CTE and MRE with kappa values ranging from
0.3-0.9 for most parameters, and a recently published study at our institution found
interobserver agreement to be good with kappa of 0.59.12,13,16,19,34 While the use of both
CTE and MRE may be a potential limitation, previous studies have shown similar
sensitivities, specificities, and intermodality agreement between the two techniques, we felt
that this study would provide valid results representative of clinical practice in which both
techniques will be utilized.12,13,34 The combination of techniques in this study may have
created the potential for selection bias, however, so we attempted to minimize this by
enrolling consecutive patients undergoing either CTE or MRE. The cross-sectional study
design is a slight limitation in that patients entered the study at varying stages of disease.
Nonetheless, the patient characteristics described here support previously described data and
suggest that the findings of this study are reproducible. While a true prospective study would
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determine with more certainty the prevalence of luminal narrowing and the progression to
stricture in patients with high GM-CSF Ab using enterography, this data will facilitate future
studies aimed at earlier identification of complications and medication response in this
vulnerable population. The ISS as a tool to evaluate disease extent and activity is a
limitation as well since it is not a validated instrument, but in the absence of an accepted
tool, this score allowed us to gather a general idea about overall disease activity differences
between patients. In this study a few healthy and disease controls had GM-CSF Ab levels
higher than the 1.6mcg/mL cut-off, but mild elevations of GM-CSF Ab have been reported
in healthy individuals.35,36 Despite numerically different group medians, our study was not
powered to appropriately assess the difference in antibody levels by diagnostic categories
that had been previously described by Han et al.8

This is the first effort to correlate enterography findings with biomarker status. Future
prospective studies may help further characterize luminal narrowing as a predictor of
stricturing behavior in high-risk individuals. Studies aimed at evaluation of medication
response and timing of progression to surgery will provide more information about these
lesions and the implication for use in clinical care. Ultimately, the incorporation of both
GM-CSF Ab and enterography data into existing risk prediction models may provide
additional benefit for patients with CD.
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Abbreviations

Ab auto-antibody

CI confidence interval

B1 inflammatory behavior

B2B3 stricturing or internal penetrating behavior

CTE computed tomography enterography

GM-CSF Ab Granulocyte-Macrophage Stimulating Factor auto-antibodies

IBD Inflammatory Bowel Disease

L1 ileum-only location

L2 colon-only location

L3 ileo-colonic location

LN luminal narrowing

MRE magnetic resonance enterography

OR odds ratio

ISS Intestinal Severity Score
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Figure 1.
Representative Images of Primary Outcomes. A) Coronal single shot fast spin echo T2
weighted MR enterography (MR-E) image demonstrates a loop of terminal ileum with wall
thickening, luminal narrowing, and adjacent fluid within the right lower quadrant (arrow).
B) Coronal post-contrast T1 weighted fat-saturated (FS) MR-E image demonstrates the same
loop of inflamed terminal ileum with mural hyper enhancement and an adjacent enhancing
phlegmon with foci of gas (arrow). There is also a small amount of fibrofatty proliferation.
C) Coronal post-contrast T1 weighted FS MR-E image demonstrates a loop of mid-jejunum
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with mucosal hyper enhancement, mural stratification, luminal narrowing, and adjacent
engorgement of the vasa recta (arrow) with proximal dilated segment (dashed arrow)
indicating a stricture. D) Axial post-contrast T1 weighted FS MR-E image demonstrates an
ileal to appendiceal tip fistula with mild bowel wall thickening (arrow). Note: Images 1A-C
are from the same patient over the course of 11 months. Patient underwent two surgeries for
jejunal, proximal ileal, and distal ileal stricture (with distal ileal abscess).
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Figure 2.
Scatter plot of serum GM-CSF Ab Concentration by Disease Categories. Serum GM-CSF
Ab concentration was measured by ELISA and is shown as the median(IQR). Differences
between groups were tested with the Kruskal-Wallis test, **p<0.009. Among CD patients
(n=114), the median (IQR) GM-CSF Ab was 2.3 mcg/mL (0.5, 6.6) and was significantly
higher than that of the chronic abdominal pain patients (n=22) with a median (IQR) of 0.4
mcg/mL (0.6, 1.3), p<0.05. Note: Abd pain=abdominal pain, IC = Indeterminate Colitis, UC
= Ulcerative Colitis.
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Figure 3.
Box and Whisker plot of serum GM-CSF Ab Concentration by Disease Behavior
Categories. Serum GM-CSF Ab concentration was measured by ELISA and is shown as the
median(IQR). Differences between groups were tested with the Kruskal-Wallis test. The
serum GM-CSF Ab concentration increased from 0.8 (0.4, 2.3) mcg/mL in CD patients with
inflammatory behavior (B1), to 5.1 (2.1,16.3) mcg/mL in those with LN, and 5.5 (1.6,7.2) in
those with stricturing behavior (B2). *p=0.03, **p=0.002. Note: Disease behavior
categories defined using Paris Criteria. B1: Inflammatory only, LN: Inflammatory with
luminal narrowing, B2: Stricturing only, B3: penetrating only, B2B3: Both stricturing and
penetrating behavior
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Figure 4.
Frequency of Primary Outcomes Among CD Patients with High vs Low Serum GM-CSF Ab
Concentration. The frequency of A) LN or B) stricturing is shown with differences between
groups tested using Fisher's exact test. A) Increased prevalence of luminal narrowing in
patients with CD and high GM-CSF Ab (71%) compared with 39% of patients with low
levels, **p=0.004. B) Increased prevalence of strictures in patients with high GM-CSF Ab
(19%), compared with those with low levels (4%), *p=0.03.
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Table 1
Clinical and Demographic Characteristics of Crohn Disease Patients

GM-CSF Ab Low (n=49) GM-CSF Ab High (n=65)

Age, years (SD) 14.4 (7.8) 15.4 (4.0)

Females, n (%) 24 (49%) 34 (52%)

Race

 Cauc, (n,%) 44 (90%) 59 (91%)

 AA, n(%) 4 (8%) 4 (6%)

MRE, n (%) 35 (71%) 49 (75%)

Disease duration, years (SD) 2.8 (2.8) 2.9 (3.6)

 Duration if no previous surgery, years (SD) 2.5 (2.7) 2.0 (3.0)

Follow-up, months (SD) 9 (10) 10 (12)

Ileal location (L1,L3), n (%) 27 (55%) 60 (92%)**

Complex disease behavior 10 (20%) 29 (45%)*

 B2(stricturing), n (%) 3 (6%) 16 (25%)*

 B3 (penetrating), n (%) 2 (4%) 3 (5%)

 B2B3 (both stricturing and penetrating), n (%) 5 (10%) 10 (15%)

*
p-value <0.01,

**
p-value <0.001.

All other comparisons not significant with p-value >0.05. GM-CSF Ab High defined as ≥ 1.6mcg/mL.Cauc: Caucasian, AA: African-American,
L1: ileum-only, L3: ileo-colonic location. Follow-up since enterography study.
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Table 2
Logistic Regression for GM-CSF Ab and Luminal Narrowing

Odds Ratio (95th CI) p-value

Luminal narrowing

 GM-CSF Ab high vs low 2.88 (1.02-8.11) 0.046

 Ileal/ileocolonic disease location (L1/L3 vs L2) 2.22 (0.74-6.70) 0.157

 Female vs male 0.63 (0.23-1.66) 0.348

 Age at procedure 1.02 (0.89-1.18) 0.771

 Duration of disease 0.91 (0.76-1.09) 0.287

GM-CSF Ab high defined as ≥ 1.6mcg/mL. Forced inclusion of gender, age, and duration of disease were performed for the model of luminal
narrowing. L1: ileum-only, L2: colon-only, L3: ileo-colonic location.
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