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Epidemiology




Global Prevalence of IBD
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disease (IBD), is increasing in incidence among children and impinges upon their
growth, education and social weleing.

Populationbased studies suggest that IBD is unevenly distributed throughout the

world with the highest disease rates occurring in western countries.

Epidemiologic surveys have also suggested that IBD incidence rates have changed
2P0SN) KS aSO2yR KFEF 2F GKS wHniaK OSyildzNE
disease and ulcerative colitis, which appears to be independent of observer bias.

A populationbased clinical database of patients with IBD aged <15 years in Ontario,
Canada showed

1. an increase in this age Prevalence-agml sexstandardized per 100000

population; from 42.1 (in 1994) to 56.3 (in 2005)

2. Incidence per 100000 increased from 9.5 (in 1994) to 11.4 (in 2005).

3. Statistically significant increases in incidence were noted4ny@ar olds

(5.0%/year, p=0.03) and;8 year olds (7.6%/year, p<0.0001), but not ig149 or 1%

17 year olds

Increasing incidence of paediatric inflammatory bowel disease in Ontario, Canada:
evidence from health administrative data

E | Benchimoll,2,3, A Guttmannl,3,4, A M Griffiths2,4, L Rabeneckl,3,5, D R Mack®,
H Brill7, J Howard8, J Guanl, T Tol,3,9




Descriptive studies carried out during the latter half of the 20th century reveal that
the incidence of IBD varies in different geographical populations.

The highest rates are observed in European and North American populations, with
the lowest rates seen among New Zealanders.

Comprehensive data from most parts of Africa, Asia and South America are not
available, but emerging data from rapidly developing South Asian countries suggest
IBD is also increasingly recognized in those countries.

I aiddzReé 2F GKS WiAYS GNBYyRaQ Ay RAASIAS
has increased substantially in most developed countries such as Scotland, Denmark,
UK, the USA and Japan.

Lashner BA. Epidemiology of inflammatory bowel disease. Gastroenterol Clin North
AM. 1995. Sep. 24(3);464. Review




Age of Onset of IBD
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Loftus; Gastroenterology 2003; 124:abstract 278.

Because high rates of IBD onset occur in childhood and adolescence (peak incidence
between 15 to 25 years of age), monitoring the incidence of pediatric IBD may reflect
changing trends in IBD demographics. Recent retrospective European studies and one
prospective populatiehased survey from the UK have suggested that the incidence

of IBD in children and adolescents has significantly increased over the last 35 years.

In addition, data from European pediatric studies also suggest that there has been a
change in the patterns of disease, as the incidence of CD has risen above that of UC.

Loftus EV, Gastroenterology. 2003




IBD is Common in Children

* Impact on children
- 25% of IBD occurs in childhood
*Incidence and prevalence
— An estimated 1.4 million people in the United States currently

have IBD

— Diagnosis of Crohn’s is made in approximately 5000 children
each year.

— Presently there are an estimated 50,000-100,000 children with
IBD

Barton, et al; Gut 1989; 30:618-22.

Loftus; Gastroenterology 2004; 126: 1504-1517.

Kugathasan, et al; J. Pediafr 2003; 143: 525-31.

Baldassano, et al; Gastroenterol Clin North Am 1999; 28: 445-58.
Markowitz, et al; Inflamm Bowel Dis 2004; 10: 599-605.

How common is IBD in the United States? A populatimsed epidemiological study was completed

which evaluated all children in Wisconsin with a new diagnosis of IBD within ayeao period

between 2000 and 2001. This found the incidence of IBD to be 7 per 100,000 in children under 18

years of age. The agpecific incidence rates in North America for children 1 to 17 years old are
approximately 2 per 100,000 for wulcerative colit
(indeterminate colitis in the rest was 0.5 per 1
before the age of five years. Extrapolations of these data suggest that more than 50,000 children and
adolescents in North America are suffering from IBD and that there are more than 4,500 new cases of

| BD annually. Crohnds disease is twice as common
group.
References:

Barton JR, et al. Incidence of inflammatory bowel disease in Scottish children between 1968 and
1983; marginal fall in ulcerative colitis, threefold rise in Crohn's diseaseGut. 1989;30(5):61822

Kugathasan S, et al. Epidemiologic and clinical characteristics of children with newly diagnosed
inflammatory bowel disease in Wisconsin: a statewide populatiebased study.J Pediatr
2003;143(4):52831

Baldassano RN, Piccoli DA. Inflammatory bowel disease in pediatric and adolescent patients.
PCNA, Gastroenterol Clin North Am1999;28(2):44568. Review.

Markowitz JE, Patterns of complementary and alternative medicine use in a population of
pediatric patients with inflammatory bowel disease.
Inflamm Bowel Dis.2004;10(5):599605




The Increasing Incidence of Crohn’s Disease
and Other Immune Related Disorders

Multiple
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Bach; N Engl J Med 2002; 347:911-20. OHNF oo

Sever al studies from Europe have reporte
and ulcerative colitis. A Scottish cohort of hospitalized pediatric IBD patients noted a
threef ol d i ncrease in incidence of Crohnos

no change in incidence of ulcerative colitis. Another UK study reported a doubling of
incidence of Crohnés disease between yea
of ulcerative colitis remained stable over the same time period. Similar reports have

been published from Scandinavian countries, but data from North America assessing
time trends in pediatric IBD is lacking.

Not only is the incidence of IBD increasing, but many other imrraediated,
chronic, inflammatory conditions have been noted to increase during-eab0

period (195€2000), thus supporting the hygiene hypothesis that while sanitary
conditions improve, the immurneediated diseases increase.

References:

The effect of infections on susceptibility to autoimmune and allergic
diseasesN Engl J Med 2002;347(12):91220




Natural History of IBD

Children Fare Worse

Crohn’s : ’ ;
More likely to involve ileum; less

Colon most often involved; diffuse extensive
disease more common

Disease progressionin first decade

g : : Disease extension less common
after diagnosis more likely

uc

Pancolonic at onset and more likely
to extend in first decade

Shorter time from diagnosis to Longer (Median >50 years)
colectomy (median 11.1 years)

Localized / left sided

Limbergen, et al; Gastroenterology 2008;135:1038-1041.
Kugathasan, et al; Gastroenterology 2008;135: 1114-1122.
Vernier-Massouille, et al; Gastroenterology 2008;135:1106-1113.

Childhoodonset IBD demonstrates unique characteristics in phenotype, severity and family history. A topic of great interest is
whether childhooébnset disease is etiologically distinct from adult onset digeastebate recently catalyzed by the search for
susceptibility genes in CD and UC.

Clinical experience in childhoednset disease suggests that childhoad s e t di sease may have a more i
presenting phenotype of childheashset IBD is characterized by extensive anatomic involvement, with strikingly high rates of
panenteric CD (small bowel, large bowel, and upper Gl tract involvement) as well as extensive UC.

Disease extent is dynamic in childheodset disease: Even within 2 years of diagnosis, childboedt CD progressed to more
extensive anatomic involvement in 1 in 3 patients in Scottish children . Disease behavior rapidly progressed to congblications
stricture formation or the development of fistulae. Disease extent in 46% of the few cases of clufdi@ddC with isolated
left-sided disease or proctitis at diagnosis also showed extension within thedpliperiod.

LIMBERGEN J V et al. Definition of Phenotypic Characteristics of Childhood-Onset Inflammatory Bowel Disease
GASTROENTEROLOGY 2008;135:1114 1122

Kugathasan S, Cohen S. Searching for New Clues in Inflammatory Bowel
Disease: Tell Tales From

Pediatric IBD Natural History Studies. 20081351038104

In a French study, Vernidvlassouille et al examined the natural history of pediatric

CD in a populatiorbased model in a geographically derived incidence cohort of 404
pediatriconset cases. 29% of children with CD were found to have complicated
disease, defined as perforating and/or stricturing disease at diagnosis and almost two
thirds of children with CD had complicated disease behavior atyear7follonup.

Based on a large amount of adult IBD literature, the general belief is that the disease
extension or change of location is relatively rare during follpan CD. In the

French cohort, a surprising 31% had disease location extending to areas other than
those present at the time of initial diagnosis. Those with stricturing behavior at
diagnosis had a 2feld greater risk for surgery and any exposure to corticosteroid

had a 3fold greater risk for surgery. The authors conclude that pediatric CD is

10



http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=

characterized by a severe, extensive phenotype, and a greater risk for disease
extension by location and surgery despite increasing use of immunomodulators.

VernierMassouille et al Mtural history of pediatric Crohn's disease: A population
based cohort studyzastroenterology 2008;135:1108113

Recent data from the North American Pediatric IBD Consortium Registry are consistent with above findings. 600 pediatric CD
patients at diagnosis: 61.5% of children had small bowel and colon involvement (compared with 50.5% in Van Limbergen study).
Gupta N, Bostrom AG, Kirschner BS, et al. Gender differences in presentation and course of disease in pediatric patients

with Crohn's disease. Pediatrics 2007;120:e14181425.)

Baldassano et al have described a cohort of 142 children with CD: 86% had involvement of the small bowel and colom (this grou
included involvement of UGI tract)Baldassano RN, Bradfield JP, Monos DS, et al. Association of the T300Aron
synonymous variant of the ATGl16L1 gene with sustlg/gti bility t

Cucchiara et al showed in an Italian cohort of pediatric CD patients with 1 year of-fglldw 200) that 58% had ileocolonic
CD. However not all these studies have followed the same classification s{stechiara S, Latiano A, Palmieri O, et al; on
behalf of the Italian Society of Pediatric Gastroenterology and Nutrition. Polymorphisms of tumor necrosis factealpha]
but not MDR1 influence response to medical therapy in pediatrionset inflammatory bowel disease. J Pediatr
Gastroenterol Nutr 2007;44:171179.

All three studies given below suggest that younger children with CD have more colonic:disease

1. The CD cohort in van Limbergen study children 8 years old at the time of diagnosis had significantly less involvéraent of t
ileum and more isolated colonic disease than children 8 years at diag@isiSN VAN LIMBERGEN Definition of

Phenotypic Characteristics of ChildhoodOnset Inflammatory Bowel Disease GASTROENTEROLOGY 2008;135:1114

1122

2. In a large study of nearly 1400 North American eanget patients, Heyman et al demonstrated by multifactorial analysis tha
a colonic predominant phenotype exists in IBD diagnosed under the age of 84gsansn MB, Kirschner BS, Gold BD, et al.
Children with early onset inflammatory bowel disease (IBD): analysis of a pediatric IBD consortium registry. J Pediatr
2005;146:3540.

3. Paul et al studied 413 pediatric IBD patients and also demonstrated a greater tendency for very young patientsvithpresent
colonic diseaseR?aul TM, Birnbaum AM, Pal DKP, et al. Distinct phenotype of early childhood inflammatory bowel
disease. J Clin Gastroenterol 2006;40:58386.

10




Pathogenesis
and Immunology
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Multi-factorial Pathogenesis of IBD

IBD

Environment

It has been speculated that genes and the environment play a central role in the
development of IBD. As with most common disorders, both nature (genes) and nurture
(environment) are responsible, not just one versus the other. Because IBD is a disease
of chronic gut inflammation, we must first ask what starts the inflammation and then
ask what keeps it going? Most IBD researchers believe that something in the
environment triggers inflammation in individuals whose genetic profile makes them
susceptible to IBD. Once inflammation begins, the genetic influence plays a large role
in maintaining (or not maintaining) the inflammatory reaction. It is likely that IBD has
several different, as yet unnamed, subtypes. These subtypes would each have a
different genetic and environmental profile, probably modulated by bacterial flora in
the gut, but would all cause approximately the same symptoms. Only further genetic
and environmental studies from both an epidemiological and microbiological
perspective will be able to clarify this.

Several susceptibility genes have been identified for IBD, with two of them now well
established for Crohndés Disease. 't is
susceptible host is exposed to a series of environmental triggers. In a normal host,

these environmental triggers would lead to-$elited activation of the mucosal

immune system. However, when combined with specific IBD genes, these
environmental triggers lead to a chronic activation of the mucosal immune system,
which we recognize clinically as Crohnos

12




Host Response to Mucosal Injury
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The gut is exposed to numerous dietary and bacterial antigens each day and normally
exists in a state of controlled inflammation known as tolerance. Environmental
triggers such as infections or NSAIDs will lead to an increase in gut inflammation. In
a normal host, the tolerance and repair mechanisms in the gut are then activated,
restoring the intestine to its baseline state. In a genetically susceptible host, a failure
of these tolerance and repair mechanisms leads to chronic activation of the mucosal
immune system and ongoing injury.

13




Genetics
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IBD is a Polygenic Disease

« Linkage studies & genome wide association have identified a
number of distinct susceptibility loci in particular for CD

* Relative risk of disease for a sibling of an affected individual
compared with the general population) for CD is ~ 30, Ulcerative
Colitisis ~ 10

- Affected relatives likely 15-20%;

* Age of onset is important; younger the onset, more likely a
family history of IBD

« Twin concordance rates is about 50% in CD
* Genetic influence lower in UC than in CD

Williams, et al; Inflamm Bowel Dis 2002; 8:375-81.
Orholm, et al; Scand J Gasfroenterol 2000; 35:1075-81.
Imielinski, et al; Nature Genetics 2009;41:1335-1341.

NASPGHAND

The current belief is that IBD is a polygenic disease with a pattern of complex genetic traits The genetic
influence of Crohnds disease is greater than that
15 to 20% likelihood of a patient having an affected relative, usually a first or second degree relative.

There is evidence that pediatric onset IBD patients have a greater likelihood of having a family history of

| BD. Familial patterns of disease | ocation or phe
disease. However, inheritance does not follow simple Mendelian gefdiEsesearch on genetic

susceptibility of inflammatory bowel diseases (IBD) has been tremendous and over 13

chromosomal regions have been identified by genome-wide linkage scanning. Many of these

genes are involved in mucosal function, particularly mucosal barrier function.

Williams CN,Kocher K, Lander ES, Daly MJ, Rioux JOsing a genomewide scan and metaanalysis
to identify a novel IBD locus and confirm previously identified IBD loci .Inflamm Bowel Dis.2002
Nov;8(6):37581.

Orholm M, Binder V, Sorensen TI, Rasmussen LP, Kyvik KO. Concordance of inflammatory
bowel disease among Danish twins. Results of a nationwide study.
Scand J Gastroenterol. 2000 Oct;35(10):10781.

Incidence, family, twin and phenotype concordance studies suggest that IBD is highly heritable, albeit complex,
spurring an ongoing search for genetic factors that confer susceptibility to this disease2,3 -@ideome

association studies (GWASSs) applying higgnsity SNP array technology have greatly expanded the number of
genetic factors implicated in |IBD pathogenesis to inc
with ulcerative colitis, spanning pathways involved in adapiive3R, IL10, IL12B, STAT3 and innateCARD15

ATG16L1 IRGM) immunity.

Early-onset IBD, has unique characteristics of phenotype, severity and familiality, features that provide support for
the search for loci that may be sPecific to eariget disease. In addition, because eambet IBD has a stronger

familial component than the adult disease, studies targeting this subgroup potentially provide additional power to
identify genes that contribute modest effects.

Common variants at five new loci associated with earkpnset inflammatory bowel diseasdmielinski M,
Baldassano RN Griffiths AM et a;l. Nature Genetics volume 41 | number 12 | 2009; 1339.

15




Genetics in IBD

« First two genes recognized in the pathogenesis of IBD:

— NOD2 (CARD15), most widely replicated CD susceptibility
gene

- IBD5 locus on chromosome 531

* Recently, Genome Wide Association and SNP array
technology have identified several genes involved in the
pathogenesis of IBD with an emphasis on pediatric onset
spanning pathways involved in both adaptive & innate
immunity (32 loci associated with CD and 17 with ulcerative
colitis)

Kugathasan, et al ; Nature Genetics 2008; 40;10:1211-1215

The major breakthrough in understanding the pat ho g esoseeptbiity gene NGD2/GARDIEBe NDDZ@ARBIE occurred in
gene is undoubtedly replicated most widely and most understood at present.

-This gene recognizesntracellular lipopolysaccharide (endotoxin) from gram negative bacteria and transducer signals activBramdNRitiating apoptosis.
-is involved in the recognition of bacterial peptidoglycan-derived muramyl dipeptide (MDP)
-stimulates secretion of antimicrobial peptides including alpha-defensins (also called cryptdins) to protect the host from invasion.

Three SNPs within the NOD2/CARD15 mutations (R702W, G908R and 1007fsinsC) are established independent risk
factors for Crohndés disease in Caucasians.

Ethnic variations

NOD2/CARD15 mutations are absent, or very rare, in Asians (Japanese, Chinese and Korean), Arabs, Africans and
African Americans. Even among Caucasian Crohnds diseas¢d

The NOD2/CARD1&dependent populatieattributable risk is mild to modest among Northern European populations
(Irish, Norwegians, Scots, Finns) as compared with populations residing in the lower latitudes (Germans and Italians).
Individuals with one of the three major diseassociated alleles have a 2 tfoll mcreased risk for developing

Crohndés disease, whereas homozygous o-fold nwease omgenalypeh et er o z
relative risk.

Despite their strong association with Crohnés disease,
sufficient nor necessary for the devel opment of Crohnods
general Caucasian population is homozygous, and 10 to 2
while up to 70% of Crohnoés disease patients do not have
NOD2/CARD15deficient mice do not develop intestinal inflammation spontaneously.

References:

HugotJPetal Association of NOD2 leucine i ch repeat variants with Natwe200é;411:599603. i Oguraty et alCAfranhersiGifsmutdtiorsie a s e .

NOD2 associated wiNatire2@0d;411:6 Athimmdade. Armuzzi A, Bunce M et al The molecul ar ciassificat

disease Gastroenterology 2002:122:85466.Chamaillard M, Jacob R, Desreumaux P, et al. Advances and perspectives in the
genetics of inflammatory bowel diseases. Clin Gastroenterol Hepatol 2006;4(2):1838.
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Diagnosis
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IBD Presentation

Symptoms/Signs
Rectal bleeding
Abdominal pain
Diarrhea

Weight loss

Growth failure

Perianal disease

Mouth ulcers
Erythema nodosum
Fevers

Anemia

Avrthritis

| BD involving the colon (whether ulcerat
commonly presents with diarrhea and rect

involving the terminal ileum and/or cecum tends to present more subtly, with
abdominal pain, weight loss, fatigue, and fever. Perianal fistulae and infections are

seen in Crohnodés di sease, but not ul cer at

erythema nodosum, arthritis) are seen in both CD and UC, but are a presenting feature
less than 15% of the time.

18




Diagnostic Approach to IBD

» Suspect the diagnosis

— History, exam, CBC, ESR, CRP, albumin
« Exclude other etiologies

— Stool culture, C. difficile, TB skin test

« Classify disease as Crohn’s or UC; determine disease location
in CD

-Upper endoscopy, colonoscopy, UGI/SBFT
« Identify extraintestinal manifestations
— Liver function tests, joint, skin, eye exams

The principles of diagnosing IBD remain the same. First, the clinician must suspect

the diagnosis based on the history and examination. Second, other causes of bowel
inflammation must be excluded. Third, the physician must perform radiography and
endoscopy to classify the disease as eit
Fourth, the physician must assess the extent and severity of the disease, and accurately
define the disease location. Finally, the physician must carefully evaluate for
extraintestinal manifestations, including arthritis and liver disease.

19




Initial Laboratory Evaluation

« Complete blood count and differential
* Erythrocyte sedimentation rate

» C-reactive protein

* Liver transaminases

* Serum Albumin

« Consider celiac serology (tTG, Anti EMA)

Wong, et al; Curr Opin Pediatr 2008; 20:566-70. 1) (HNF  ~vaseerans

Diagnosing inflammatory bowel disease (IBD) is straightforward when alarm
symptoms are present, such as bloody diarrhea and weighflgsopriate use of
noninvasive tests can help identify which patients should undergo further
investigation. Primary care physicians should continue to rely on routine laboratory
tests and clinical suspicion to decide which patients with abdominal pain to refer to a
gastroenterologist.

Wong A, Bass D. Laboratory evaluation of inflammatory bowel disease. Curr
Opin Pediatr. 2008 Oct;20:56670

20




Enteric Infections can Mimic IBD

» Following infections may mimic colitis
— Salmonella, Shigella, Yersinia, Campylobacter
— Clostridium difficile
— E. coli (especially 0157:H7)

— Entamoeba histolytica

« Following infections may mimic ileitis
— Tuberculosis
- Yersinia

M IASPGHAND

It is important to exclude enteric infections, especially in patients who present with
bloody diarrhea. For patients with colitis, infection with enteric pathogens
(Salmonella, Shigella, Yersinia, Campylobacter, E. coli, ameba, and Clostridium
difficile) should be assessed. For patients with ileitis, tuberculosis and yersinia should
be excluded. At times, vasculitides (including Hen&cionlein purpura) can present
with diarrhea and abdominal pain.

21




Serologic Testing # Confirmed Diagnosis

* Antibodies present in the serum of patients with IBD

* Likely represent immune responses to resident enteral
bacterial and fungal antigens

« Examples include p-ANCA, ASCA, anti OmpC, anti /2

* Low sensitivity(44-60%) and hence unreliable as screening
tool

* Endoscopic, radiological and histopathological criteria need
to be met in order to make a correct diagnosis and
differentiate disease subtypes

Dubinsky; Dig Dis 2009; 27:259-268.

da T SHOR AT %bei T ORvelped? ROVl havances in 16shG Llrattgiea and tha sattion of bvel markeraave helped
characteristics o av e tes S.

Numerous studies have examined the diagnostic value of ASCA and pANCA in particular, in IBD dB® uatients. Peeters
et al. found that positivity for both markers was significantly lower in healthy andBidrcontrols.

For differentiating IBD from control ASCA sensitivity = 60% (243/407), specificity= 91% (345/378, PPV= 88% (243/276),, and
NPV = 68% (345/509 for differentiating IBD from controls were:

For pANCA+: Sensitivity = 50% (73/147), specificity = 95% (605/638),PPV= 69% (73/106), and NPV= 89% (605/679);
ASCA+/pANCAI : Sensitivity= 56% (229/407), specificity= 94% (355/378), PPV= 91% (229/252), and NPV =67% (355/533);
PANCA+/ASCAI : Sensitivity = 44% (65/147), specificity = 97% (620/638), PPV= 78% (65/83), andNPV = 88% (620/702).

This study concluded that tisgecificity of serological markers for IBD is high, but low sensitivity making them less useful as
diagnostic tests And the combination of these tests is probably more powerful as a tool to differentiate IBD fréBDnon

What Is the Role of Serological Markers in IBD? Pediatric and Adult DataMarla Dubinsky Dig Dis 2009;27:25268

Additional reading:

Peeters M, Joossens S, Vermeire S, et al: Diagnostic value of aftaccharomyces cerevisiaad antineutrophil
cytoplasmlc autoantibodies in mflammatory bowel disease. Am J Gastroenterol 2001; 96: 7334.

A metaanalysis was performed to examine the test characteristics of ASCA and pANCA [31] . Sensitivity, specificity, and
likelihood ratios (LR+,

LRi") were calculated for different test combinations for CD, UC, and for IBD compared with controls. A total of 60 studies
comprising 3,841 UC and 4,019 CD patients were included.

The ASCA+ with pANCA test offered the best sensitivity for CD (54.6%) with 92.8% specificity.
Sensitivity and specificity of pANCA+ tests for UC were 55.3 and 88.5%, respectively (AUC of 0.82; LR+ =4 50.K.

Sensitivity and specificityvere improved to 70.3% and 93.4% in a pediatric subgnhgn combined with an ASGAegative
test.

Metaregression analysis showed decreased diagnostic precision of ASCA for isolated colonic CD (RDOR = 0.3).

This study concluded that ASCA and pANCA testing are specific but not sensitive for CD and UC. It may be particularly useful
for differentiating between CD and UC in the pediatric population.

Reese GE, Constantinides VA, Simillis C, Darzi AW, Orchard TR, Fazio VW, Tekkis PP: Diagnostic precision of anti
Saccharomyces cerevisiaatibodies and per|nuclear antmeutrophll cytoplasm|c antibodies in inflammatory bowel
disease. Am J Gastroenterol 2006; 101: 24112422
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Areas of discussion:
Differentiating 1BD from noABD
Differentiating UC from Crohn's
Predicting disease behavior
?response to therapy

22




Crohn’s Disease vs. Ulcerative Colitis

* Any part of the Gl tract
* Discontinuous

* Rectal sparing

* Non-caseating
granulomas

* Transmural inflammation
* Fistulae and abscesses

+ Strictures common

* lleum commonly involved

* Perianal disease

Ulcerative Colitis

* Colon only

* Continuous

* No rectal sparing

* No granulomas

* Mucosal inflammation
* Abscesses very rare

» Strictures rare

IASPGHAND

The definitive diagnosis of IBD is established by a combination of radiography,

endoscopy,
be di ffi

and hi

cul t,

simply fAbackwash

st ol
especially if
disease can be made definitively if there is clear small bowel inflammation (not
il eitiso),

Di fferen
t he |

ogy.

di scont

identified on biopsy. Over time, the natural history of the two diseases differs.

Patients with

Crohnos
abdominal abscesses, or perianal fistulae, whereas patients with ulcerative colitis

di sease wil |l

continue to have bloody diarrhea as their principal manifestation.
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Terminal lleal Involvement in Crohn’s Disease

Terminal ileum
!

Crohnés of the terminal il eum is often f
radiograph, which shows ileal stenosis and separation of bowel loops.

24




Crohn’s lleitis

Normal ileum Crohn’s ileitis
(Peyer's patches) (ulceration & exudate)

IASPGHAND

Il 1l eitis can also be assessed by endoscop
patches and nodul arity, but the il eum af
stenosis, linear ulceration, and mucopurulent exudate.

25




Colon in Crohn’s and UC

. .'-5—,‘-*,—-"-‘ o e A — :_,é"f‘ -
Normal Colon Ulcerative Colitis Crohn’s Colitis
» Smooth and shiny +[ oss of vascular pattern  + Deep fissures
+ Normal vascularity *Granularity * Cobblestoning
» Tortuous *Exudates * Segmental distribution
+ Normal folds +Diffuse continuous » Rectal sparing
disease * [leal involvement
*No ileal involvement * Granulomas on biopsy

M NASPGHA

The normal colon is shiny, has triangular folds in the transverse colon, no bleeding,
and a normal vascular pattern.

26




Common Extraintestinal Manifestations

Joints
Peripheral arthritis & arthralgia; ankylosing spondylitis; sacroileitis

Skin
Erythema nodosum; pyoderma gangrenosum; cutaneous vasculitis

Eyes
Uveitis; episcleritis; retinal vasculitis

Oral
Aphthous lesions; cheilitis; salivary gland involved

Hepatobiliary
Primary sclerosing cholangitis; autoimmune hepatitis

IASPGHAND

Once an IBD diagnosis has been established, the clinician should evaluate for
extraintestinal manifestations of the disease.

27




IBD - Extra intestinal manifestations

Patients with IBD may also develop ocular inflammation (uveitis and episcleritis),
which should not be mistaken for conjunctivitis.

Erythema nodosum is also shown.

28




Growth Failure
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Impaired Linear Growth is
More Common in CD Than UC

Patients% Occurrence
Pediatric IBD

Prepubertal CD
Children with UC

Kirschner in Kirsner, ed. inflammatory Bowel Disease; 5th ed. 2000.

Growth failure is a common probl em
disease. Height velocity is the most sensitive parameter by which to recognize
impaired linear growth. Please see next slide for more notes.
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Growth Failure Can Precede Gut Symptoms

* Decreased height velocity has been
reported in patients before onset of
gastrointestinal symptoms

* Up to 25% of patients may not
achieve full adult height potential

* Corticosteroids may exacerbate
growth impairment

» Interventions should be initiated
before completion of puberty

Kanof, et al; Gastroenterology 1988; 95:1523.
Hildebrand, et al; J Pediatr Gastroenterol Nutr 1994; 18:165.
Growth chart courtesy of Dr. H. Shashidhar.

Growth failure is a common problem in children a
is the most sensitive parameter by which to recognize impaired linear growth.

Decreased height velocity is seen in 46% of patients before symptom onset and 42% of patients after
symptom onset. A third of children may have substantial height deficits at presentation. The onset of
growth failure may also be insidious, starting years before the manifestations of other symptoms of

Crohndés disease. Additionally, growth failure m
with IBD.

Studies have shown that up to 25% of patients wi
potential. Medications, specifically corticosteroids, may exacerbate this problem. Timely

identification of growth failure is critical, as interventions and referral to endocrinology should be made
prior to the attainment of puberty. Quality of life is an increasingly important outcome measure.

Growth failure, resulting in short stature, may have devastating psychological consequences,

particularly for adolescents.

References:

Kanof ME et al, Decreased height velocity in children and adolescents before the diagnosis of
Crohndés disease. Gastroenterology, 95: 1523, 1988

Hildebrand H et al, Longitudinal growth in children and adolescents with inflammatory bowel
disease. J Pediatr Gastroenterol Nutr 18:165, 1994
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Etiology of Growth Failure in IBD

Increased needs Suboptimal intake

Malabsorption Increased Gl
losses

MALNUTRITION

GROWTH FAILURE

Pubertal Delay \ Corticosteroids

Inflammation

Poor linear growth is a common sequela of pediatric IBD and is roughly twice as
common in Crohndéds disease as it is in ul
failure in IBD is mutlifactorial. Malabsorption, increased caloric needs, suboptimal
intake due to anorexia, and gastrointestinal losses all contribute to malnutrition, which
directly affects growth. However, delayed puberty, corticosteroids, and

proinflammatory cytokines such as TM&nd interleukin 6 are also responsible for

growth failure in this patient population. Weight loss may precede decreases in height
velocity.
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First Line Therapy
for Crohn’s Disease
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Treatment Goals For IBD

« Maximize therapeutic response
» Maximize adherence

* Minimize toxicity

* Improve quality of life

* Promote physical growth & pubertal development
* Promote psychological growth

* Prevent disease complications

When planning therapy for Crohn's disease, or any other chronic condition, it is

i mportant to have specific therapeutic ¢
physical, as well as psychosocial, wading. Shorterm goals should include the

relief of immediate symptoms such as pain and diarrhea.-tevng therapeutic goals

include changing the natural history of the disease by minimizingtkmng

complications such as growth failure, the need for hospitalization or surgery.
Ultimately, the patientodés quality of [|if
with treatments that have minimum side effects. Improving the simplicity of the
therapeutic regimen also improves quality of life while maximizing adherence.

Attention to emotional and family implications of chronic iliness is an integral part of
thelongt er m care of the pediatric patient w

While the current goals of therapy remain defined in clinical terms, future directions
could include additional indicators of efficacy such as mucosal healing. Ultimately,
the finding of a biomarker(s) that is predictive of clinical course would be an
extremely helpful factor in planning and maintaining effective therapy.
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Mild-Moderate Crohn’s Disease

+ Aminosalicylates
— Topical and oral
* Antibiotics
* Enteral feeds
« Corticosteroids
— Budesonide
— Prednisone

IBD clinical activity can be globally divided into mild, moderate and severe
categories. Induction therapy is used to bring about remission of clinical activity and
maintenance therapy should successfully maintain such a remission.

With mild-to-moderate levels of disease activity, there are various groups of
interventions that have been shown to be effective at both inducing and maintaining
remission. These include the aminosalicylates, antibiotic therapy, corticosteroids and
enteral nutrition.

Some therapies such as aminosalicylates and corticosteroids can be delivered either
orally or rectally and the location of disease activity should be kept in mind when
deciding on the route of administration.
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Moderate-Severe Crohn’s Disease

* Enteral feeds (induction)

« Corticosteroids (induction)
— Budesonide versus prednisone

* Immunomodulators (maintenance)
— 6-mercaptopurine

— Azathioprine
— Methotrexate
* Biologics (Induction & maintenance)
— Infliximab
— Adalimumab
— Certolizumab

M IASPGHAND

With mild-to-moderate levels of disease activity, there are various groups of
interventions that have been shown to be effective at both inducing and maintaining

remission. These include the amisalicylates, antibiotic therapy, corticosteroids and
enteral nutrition.

Some therapies such as amsadicylates and corticosteroids can be delivered either
orally or rectally and the location of disease activity should be kept in mind when
deciding on the route of administration.
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Aminosalicylates
(Different formulations)

MESALAMINE

pH released 5-ASA Time released 5-ASA

Olsalazine Sulfasalazine Balsalazide

5-ASA +5-ASA 5-ASA + Sulfapyridine 5-ASA +inert carrier

IASPGHAND

Aminosalicylic acid is a locally active, artiflammatory agent. In addition to oral

delivery systems, this agent is commercially available as rectal suppositories and
enemas, as well.

There are several oral preparations of aminosalicylic acid. Each of these employs a
different delivery mechanism to protect the active drug from4géistric degradation
with release of the active agent at varying levels throughout the gastrointestinal tract.
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Mesalamine for Maintenance of Medically
Induced Remission in Crohn’s Disease

Study Date -
Thomson 1990
Prantera {002
Brignola 1992
Gendre 1993
Bresci 1994
Thomson 1935
Arber 1985
Modigliani 1996
Sutherland 1997
De Franchis 1997
Overall Studies n=1371

Camma, et al; Gastroenterology 2000; 119:597

The use of aminosalicylates to maintain remission has also been an area of intense
interest and varying results. Again, various sites of original disease activity, drug
delivery systems and doses used has resulted in an array of findings.

Camma performed a meganalysis of controlled trials that looked at the use of
aminosalicylates to maintain remission in patients who had undergone medical
induction (as opposed to surgical resection). The findings of thisanelgsis were
weakly positive in favor of treat ment
maintenance therapy.

References:

Camma C, Cottone M. Mesalamine and relapse prevention in Crohn's disease.
Gastroenterology2000;119:597

38




Role of endogenous gut flora in Crohn’s Disease:
Rationale for Antibiotic Therapy

« Effect on luminal bacterial concentrations and subsequent
down-regulation of the local inflammatory response

« Selectively eliminate bacterial subsets
« Bacterial tissue invasion, and microabscess formation

« Bacterial translocation, systemic dissemination

Sartor; Gastroenterology 2004;126(6):1620-1633.

The endogenous gastrointestinal bacterial flora play an important role in the
pat hogenesis of Crohndés disease. Evi den
t hat ani mal model s of Crohnoés -fraeaspeciesot e f
Additional evidence comes from the understanding that NOD2/CARDhe gene
recently associated with Crohnés disease

Anti biotics have shown efficacy in treat
there is colonic or perianal involvement. Fistulizing disease aneopesative
recurrence have also been shown to be influenced by antibiotic therapy.

There are sever al potential explanations
Disease. Treatment of a specific pathogen does not seem to be the answer. Rather,
influences on the endogenous flora with subsequent -degulation of the local

inflammatory response seem to be the likely explanations.
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Primary Treatment of Active Crohn’s Disease
with Nutritional Therapy

* Therapeutic efficacy
— In children: 50%—-82%

« Controversy regarding influence of anatomic location: colon
versus small intestine

* Elemental versus polymeric no difference

Lochs, et al; Clin Nutr 2006; 25:260-274.

Konno, et al; Pediatr int 2006; 48:349-352 .

Zachos, et al; Cochrane Database of Systematic Reviews 2007; Issue 1.
Griffiths, et al. Gastroentferology 1995;108:1056-1067.

Enteral feedings as a therapy for Crohn's disease have been discussed since the 1970s when it was noticed that preoperative
patients on such feedings, while awaiting surgery, showed clinical improvement. Such therapy is likely more common in Europe
than the United States.

In 2006, both th&uropean Society for Clinical Nutrition and Metabolism (ESPEN)
and The Working Group of the Japanese Society for Pediatric Gastroenterology,
Hepatology and Nutrition each independently published guidelines recommending
that enteral nutrition be considered as the first line therapy in children with CD.

Lochs H, Dejong C, Hammarqvist F, Hebuterne X, LeorSanz M, Schutz T, van GW, van GA, Valentini L, Lubke H,
Bischoff S, Engelmann N, Thul P. ESPEN Guidelines on Enteral Nutrition: Gastroenterology. Clin Nutr 2006;25:26074.

Konno M, Kobayashi A, Tomomasa T, Kaneko H, Toyoda S, Nakazato Y, Nezu R, Maisawa S, Miki K. Guidelines for the
treatment of Crohn's disease in children. Pediatr Int 2006;48:34352

Prospective trials have included small numbers of patients and are confounded by the inability to blind this therapy versus
corticosteroids. Therefore, metaalysis techniques have been employed to look at this topic.

Griffiths, et al. in their meta analysis showed that enteral nutrition is a possible therapy for the treatment of Grakn's dis
Subsequent authors have pointed out that this may be best early in the disease course. The disease site may plsgyag®ele in re
with small bowel disease showing better response. The possibility that this can be an adjunctive therapy and that it may not
preclude other oral nutrition also remain points of debate.

References:

Griffiths et al. Meta-analysis of enteral nutrition as a primary treatment of active Crohn's disease. Gastroenterology
1995;108:10561067

Mary Zachos et al conducted a systematic meta analysis of all randomized arduogdaisiized controlled trials involving
patients with active Crohn's disease defined by a clinical disease activity index and studies evaluating the admih@igation o
type of enteral nutrition to one group of patients and another type of enteral nutrition or conventional corticostéadketo t
group were selected for review.

Conclusions

1.Corticosteroid therapy is more effective than enteral nutrition for inducing remission of active Crohn's disease ad inas fou
previous systematic reviews.

2. Protein composition does not influence the effectiveness of EN in the treatment of active CD. A non significant tnemgl favo
very low fat and/or very low long chain triglyceride content exists but larger trials are required to explore the sigifitasic
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finding.

Zachos M, Tondeur M, Griffiths AM. Enteral nutritional therapy for induction of remission in Crohn's disease. Cochrane
Database of Systematic Revie®B07, Issue 1.
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Enteral Nutrition Vs Prednisone

Relative Risk (95% Cl)

3] 1
Study Date

Sanderson 1987
Seidman 1991

Seidman 1993
Thomas 1994
Ruuska 1994

Combined Enteral Nutrition Steroids

Heuschkel, et al; J Pediatr Gastroenterol Nutr 2000; 31:8-15.

Zachos, et al; Cochrane Database of Systematic Reviews 2007; Issue 1.
Seidman, et al; Gastroenterology 1991; 100:150A.

Borrelli, et al; Clin Gastroenferol Hepafol 2006;4:744-753.

Steroid usage in children has been associated with adverse side effects, particularly with delayed growth and
pubertal development.

Heuschkel et al studied identifying randomized clinical trials comparing exclusive enteral nutrition with
corticosteroids. Studies were assessed for heterogeneity and relative risks for remission induction with enteral
nutrition were obtained.

The study found that in five randomized clinical trials comprising 147 patients, enteral nutrition was as effective as
corticosteroids at inducing a remission (RR = 0.95 [95% confidence interval 0.67, 1.34]).

Addition of two further nonrandomized trials did not significantly alter the result.

The study also determined statistically a minimum of 10 further studies, equal in size and outcome to the largest

reported pediatric trial to date (n = 68, RR = 0.84), would be required to demonstrate a significant benefit of steroid

therapy over enteral nutrition. There is no difference in efficacy between enteral nutrition and corticosteroid

therapy in the treatment of acute Crohn's disease in children. Improved growth and development, without the side

S_ffects of steroid therapy, make enteral nutrition a better choice felifigstherapy in children with active Crohn's
isease.

Heuschkel RB, Menache CC, Megerian JT, Baird AE. Enteral nutrition and corticosteroids in the treatment
of acute Crohn's disease in children.J Pediatr Gastroenterol Nutr. 2000 Jul;31(1):85.

Mary Zachos meta analysis ( see notes from the previous slide ) also shoveedttit@steroid therapy is more

effective than enteral nutrition for inducing remission of active Crohn's disease as was found in previous systematic
reviews in adultsHowever, many pediatric trials were excluded from this analysis owing to

methodological weakness. The authors mention that a previous abstract ( See below: Seidman et al) and
one pediatric trial(see below: Borrelli et al both favor EEN over corticostemidse results, along with

the meta analysis above by Heuschkel et al suggest the effects may be more beneficial in children.

Zachos M, Tondeur M, Griffiths AM. Enteral nutritional therapy for induction of remission in Crohn's
diseaseCochrane Database of Systematic Revi2@97, Issue 1.

Seidman E, Turgeon J, Bouthillier L, Morin CL. Elemental diet versus prednisone as initial therapy in
Crohns disease: early and londerm results. Gastroenterology 1991;100:150A.

Borrelli O, Cordischi L, Cirulli M, Paganelli M, Labalestra V, Uccini S, Russo PM, Cucchiara S. Polymeric
diet alone versus corticosteroids in the treatment of active pediatric Crohn's disease: a randomized
controlled opentlabel trial. Clin Gastroenterol Hepatol 2006;4:744753.
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Principles of Corticosteroid Therapy

* Corticosteroids are rarely used as monotherapy

« If clinical response to initial therapy is inadequate, add
corticosteroids early

* Corticosteroids are NOT maintenance drugs

Corticosteroids have |l ong been recognize
both antiinflammatory as well as immunomodulatory, corticosteroids were one of the
first therapies used to fight Crohnés di
principles with regard to the optimal use of corticosteroid therapy. While

corticosteroids have been shown to be an effective induction agent, they have not been
shown to be capable of maintaining remis
efficacy and numerous potential side effects from chronic administration preclude
corticosteroids from being considered as a maintenance agent. When used,
corticosteroids should be dosed at an effective level to induce remission and serve as a
bridge to an effective maintenance agent. Lack of efficacy, especially in the absence

of any cosmetic side effect, may be due to issues of absorption that can be addressed

by changing to a short course of parenteral administration.
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Corticosteroid Therapy for Crohn’s Disease

Immediate Complete Partial No

Outcome* Remission Remission Response

(n=74) 58% 26% 16%
(n=43) (n=19) lis i

Prolonged
Response
32%
(n=24)

1-Year
Outcome
(n=74)

Steroid Dependent
28%
(n=21)

*30 days after initiating corticosteroid therapy

Faubion, et al; Gastroenterology 2001; 121:255-60 o] i

The inadequacy of loagrm corticosteroid treatment was demonstrated by the

population based study performed by Faubion, et al. This study showed that the

majority of patients had a favorable shtwtm response to corticosteroids by one

month. However, more than a third required surgery by one year and only 32% had a
prolonged response to corticosteroids when they were assessed at one year after being
di agnosed with Crohnés Disease and treat
whil e corticosteroids may have a desirab
activity, such therapy does not have a favorable affect on the natural history of the
disease.

The natural history of corticosteroid therapy for inflammatory
bowel disease: a populatiorbased study.
:255-60.
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Steroid Therapy Impairs Growth

No prednisone
0.65+0.22 B Daily prednisone

0.44+0.25

*

0.23+0.26
*

0.03+0.07

=)
E
=
Ll
=
[&]
8
=
=
=
2
&}

Mild Disease Moderate-Severe
Disease

Hyams, et al; J Pediatr 1988; 112:893-8. o] i

The cosmetic and metabolic side effects of corticosteroids are legion and can be quite
severe.

The potentially profound affect that corticosteroids can have on bone physiology is
being increasingly appreciated. In pediatrics, this can take the unique form of an
adverse affect on linear growth.

This study from Hyams, et al. performed almost 20 years ago documented the adverse
effect chronic corticosteroid therapy can have on linear growth in patients with
pediatric IBD at all levels of clinical activity.

References:

Relationship of type | procollagen to corticosteroid therapy in
children with inflammatory bowel disease. (6):8938
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Immunomodaulators and
Biologics for Crohn’s Disease
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Use o_f Immunomodul_ators in
Pediatric Crohn’s Disease

INDICATIONS

* Induction & maintenance of remission

— Fistulizing CD

— Newly diagnosed CD with moderate - severe inflammatory activity
» Corticosteroid dependence or resistance

* Prevention of post-operative recurrence

« Treatment of postoperative recurrence

M IASPGHAND

Measurement of thiopurine methyltransferase (TPMT), a genetically controlled
enzyme active in-81P/AZA metabolism, may identify some patients at risk for erug
induced neutropenia . Although the US Food and Drug Administration suggests that
TPMT genotype or enzyme activity be assessed before commencing thiopurine
therapy to avoid potential adverse events, prospective studies evaluating dose
optimization based on measurements of TPMT are lacking . For patients with normal
TPMT genotype or enzyme activity, doses of about 1.0 to 1.5 mgd - ktayl of 6

MP and about 2.0 to 3.0 mg --kg dayl of AZA have been recommended. Once
therapy is initiated, thiopurine metabolite monitoring (eg, measuring thioguanine
levels) may be useful when determining medical noncompliance, monitoring toxicity,
or optimizing dose, but this approach continues to be a source of debate, and the
feasibility of obtaining these types of tests can vary significantly among health
providers, Il nstitutions, and countries
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Immunomodulators in
Pediatric Crohn’s Disease

» 6-Mercaptopurine (6-MP)
- 1.0-1.5 mg/kg/day oral

» Azathioprine

- 2-2.5 mg/kg/day oral
* Methotrexate
- 15 mg/M?/week SQ induction; 10mg/M?/week maintenance
along with Folic Acid 1mg/day

Markowitz, et al; Am J Gastroenterol 2000; 119:895-902.

Markowitz, et al; Am J Gastroenterol 2002; 97:928-32.

Mack, et al; J Pediatr 1998; 132:830-5. ) Dice o
Rosh, et al; Gastroenterology 2004; 116:41A .

References:

Measurement of thiopurine methyltransferase (TPMT), a genetically controlled
enzyme active in-81P/AZA metabolism, may identify some patients at risk for drug
induced neutropenia . Although the US Food and Drug Administration suggests that
TPMT genotype or enzyme activity be assessed before commencing thiopurine
therapy to avoid potential adverse events, prospective studies evaluating dose
optimization based on measurements of TPMT are lacking .

For patients with normal TPMT genotype or enzyme activity, doses of about 1.0 to 1.5
mg - kgl - dayl of 6MP and about 2.0 to 3.0 mg --kg dayl of AZA have been
recommended.

Once therapy is initiated, thiopurine metabolite monitoring (eg, measuring

thioguanine levels) may be useful when determining medical noncompliance,

monitoring toxicity, or optimizing dose, but this approach continues to be a source of
debate, and the feasibility of obtaining these types of tests can vary significantly
among health providers, institutions, an

6-mercaptopurine/azathioprine

Markowitz J, Grancher K, Kohn N, Lesser M, Daum F, and the 6MP Collaborative
Group. A multicenter trial of Bnercaptopurine and prednisone in newly diagnosed
chil dren wit hGasttoeotdrai2009;119:89%@2a s e .
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Markowitz J, Grancher K, Kohn N, Daum F. Imnmunomodulatory therapy for pediatric
inflammatory bowel disease: changing patterns of use 12600.Am J
GastroenteroR002;97:928932

Methotrexate

Mack DR, Young R, Kaufman SS, Ramey L, Vanderhoof JA. Methotrexate in patients
with Crohn's disease aftermBercaptopurinel Pediatr1998;132:83¢b.

Rosh JR, Youssef NN, Schuckalo S, Punati J, Fehling B, Mones RL. Methotrexate as
rescue therapy in pediatric Crohn's dise&sestroenterologp004;116:41A (abstract)
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In this multicenter, doubtelind, placebecontrolled clinical trial studied 55 newly

di agnosed children wi 2ynsthe 6MP lgroup maindainesde a s e
remission significantly better over 18 months with significantly less corticosteroid
exposure.

References:

Markowitz J, Grancher K, Kohn N, Lesser M, Daum F. A multicenter trial of 6-
mercaptopurine and prednisone in children with newly diagnosed Crohn's
disease Gastroenterology2000 Oct;119(4):89502.
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