Calprotectin

NON INVASIVE TOOL FOR DIAGNOSIS AND FOLLOW-UP IN
INFLAMMATORY BOWEL DISEASE PATIENTS
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Introduction

1. Diagnosis of Inflammatory Bowel Disease (IBD)

Crohn’s Disease (CD) and Ulcerative Colitis (UC)
Combination of suggestive clinical, biological, radiological, endoscopic and histological data

AND

Rejecting other diseases with similar clinical manifestations

Gisbert JP. Dii Liver Dis. 2009
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2. IBD : shift in treatment goals

Sustained deep remission
Improved symptoms and Improved quality of

life

Establishing and maintain mucosal healing

* Higher clinical rates of response (CD, UC)

* Lower relapse rates (CD, UC)

* Lower hospitalization rates (CD, UC)

* Lower risk of colorectal cancer (UC, CD?-lack of data)
* Reduced need for surgery (CD, UC)

Louis E et al. Journal of Crohn’s and Colitis. 2012" Peirin-BirouIet L et al. JCC. 2011
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3. Golden standard for diagnosis and follow-up

Endoscopy (and histology on biopsy specimens)
*Expensive
°lnvasive

*The need for repeated examination

==) Need for biological markers

simple, rapid, sensitive, specific, inexpensive and non-invasive

Gisbert JP. Dii Liver Dis. 2009
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4. Available biological markers

Systemic markers

*CRP — C-reactive protein (negative in 25% CD patients — often normal in UC patients)
*ESR — erythrocyte sedimentation rate

*ANCA — anti-neutrophil cytoplasmic antibodies

*ASCA — anti-Saccharomyces cerevisiase antibodies

Stool markers

*Calprotectin

eLactoferrine

Gisbert JP. Dii Liver Dis. 2009
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5. Calprotectin -Calprotectin (5100 A8-A9)

*36 kDa dimer calcium binding proteins S100A8
and S100A9

HOMEOSTASIE INFLAMMATION

*PMN — Macrophages — Monocytes — Epithelial
Cells — Keratinocytes

*Secretion : PMN activation — Stress — Death
cell — Vascular adhesion of Monocytes

*Immunomodulatory role

— *Resistant to enzymatic degradation

(5100 A8-A9)

o *Easily mesurable in faeces

Nancei S. Heiato-Gastro & Oncol. Dii. 2015
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6. Faecal Calprotectin (FC) - disadvantages

* Currently no reimbursement (30 to 35 €)

* No (inter)national guidelines

*Increase after use of NSAIDs (false positive), PPI

*Several diseases other than IBD can increase calprotectin levels, especially
- Colorectal neoplasia and adenomas

-Gastrointestinal infections

-Microscopic colitis

-Coeliac disease, protein losing enteropathy, etc.

Gisbert JP et al. Dii Liver Dis. 2009" Ven Rheenen et al. BMJ 2010
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Diagnostic process (1)
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Diagnostic process (2)

*Better accuracy at a cut-off level of 100 microg/g
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Cost effectiveness of calprotectin for the
diagnosis of IBD

Faecal calprotectin screening versus direct endoscopic evaluation for IBD
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Faecal calprotectin screening saved $417/patient but delayed for 2.2/32 patients with IBD
The cut-off level of 50 mg/g cost an additional $55
for adults compared to FC cut-off level of 100 mg/g

Yang et al. Clin Gastroenterol Hepatol. 2014



Diagnostic process - summary

*An increased FC level identifies patients who are most likely to have inflammatory bowel
disease and justifies urgency for endoscopy

*Use of faecal calprotectin as screening test reduces the number of endoscopies with negative
results in suspected inflammatory bowel disease

*The test delays diagnosis in a small and acceptable proportion of patients

°In some conditions endoscopy is inevitable
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Preliminary remarks in IBD

*Careful evaluation of disease characteristics at baseline is essential to evaluate disease extend,
severity and complications

*Biomarkers values must be established at baseline for future comparison




Symptomatic IBD patients

*Confirm IBD relaps ->

*Predicting response to treatment

*Predicting endoscopic healing

—_—

=

Correlation with endoscopy

Deep remission



Faecal calprotectin and endoscopic scores

Tableau 2 Simplified Endoscopic Score for Crohn’s Disease (SES-CD) [4]

Endoscopic Severity of Disease

Iléon Célon droit Transverse Colon gauche | Rectum Total
Taille des ulcérations (0-3)
Surface ulcérée (0-3)
Surface lésée (0-3)
Sténose (0-3)
Cotation
Variable 0 1 2 3
Taille des ulcérations Aucune U aphtoides (0,1-0,5 cm) | U larges (0,5-2 cm) U trés larges (> 2 cm)
Surface ulcérée Aucune <10 % 10-30 % >30%
Surface 1ésée Aucune <50 % 50-75% >75%
Présence de sténose Aucune Unique et franchissable Multiples et franchissable | Infranchissable
U : ulcérations.

Bernardini D et al

0 =NORMAL 1=MILD 2= MODERATE

3 = SEVERE

R,
Nt

+ Marked erythema + Marked erythema

+ No friability or

granularity « Decreased « Absent vascular + Absent vascular
+ Intact vascular vascular pattern markings
pattern pattern « Friability + Granularity
* Mild friability « Erosions + Friability
+ Spontaneous
bleeding
+ Ulcerations

. Acta Endosc 2013; De Chambrun GP et al. Nat Rev Gastroenterol Hepatol. 201C




Faecal calprotectin and endoscopic scores

A SES-CD large ulcers (n=48) vs. other (n=39) B Mayo 1-3 (n=31) vs. Mayo 0 (n=8)
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Siiionen T et al. Aliment Pharmacol Ther 2008" D’Haens G et al. Inflamm Bowel Dis. 2012



Faecal calprotectin and endoscopic scores

TABLE 4. Correlation of the Endoscopic Activity Index Subgroups with the Clinical Activity Index, Fecal Calprotectin,
CRP, and Blood Leukocytes

Endoscopic Activity Index Inactive (0-3) Mild (4-6) Moderate (7-9) High (10-12)

No_of patients 34 26 26 48

Clinical Activity Inde 3.6+3.2 (0-13) 9.8+4 (4-17) 11.8+4.8 (4-23) 16.3+4.7 (7-27)

42438 (9—141) 2104+121 (15-592) 3924246 (39-1044) 7304291 (266—1436)

CRP mg/L 6+8 (2—44) 10+9 (3-35) 2119 (3—-74) 23+18 (3—69)
P-Value

Leukocytes G/L 343 (5.1-15.6)
P-Value

Table 3. Correlati

alprotectin,
CRP, and blood |

Endoscopic activity Inactive (0-3) Mild (4-10) Moderate (11-19) High (=20)
o_Qof patients 26 40 27 a7
79186 (13—281) 85+ 70 (14—-297) 11647 (44—-323) 218+75 (86—-417)

P value 0.739 0.201
Calprotectin (alc) 1042138 (10— 725) 2312244 (12— 1009) 395+ 256 (68-912) 718+320 (93— 1327)

CRP (mg/l) 12219 (3-94) 8+10 (3-53) 23+31 {(3—-172) 4028 (5-121)
P value 0.349 0.013 0.019

Leukocytes (gh) 7. 7+£31(4-17.9) 7.6x28(3.7-13.6) 88+3.1(1.4-158) 11.1+35(29-18.6)
P value 0.903 0.117 0.004

Schoepfer AM et al. Inflamm Bowel Dis. 2009; Schoepfer AM et al. Am J Gastroenterol 2010




Faecal calprotectin and endoscopic
scores/histology (CD)
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Faecal calprotectin and histology (UC)

Predictive factor of active histologic inflammation:

Faecal calprotectin and MAYO 1vs O
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Guardiola et al. Clin Gastro Heiatol 2014



Response to anti-TNF
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Predicting Response to ASA and clinical
relapse in asymptomatic UC patients

Fecal calprotectin decrease after 5ASA dosage increase in patients in remission of both UC with

persisting elevation of calpro

]

B Same Dose ™ Increased Dose

% P=.005
80 76.9
g 70 P=.04
5 60 52.6
g 0 P=.0496
= 40
E 30 26.9
& 20 15.8 16.7
10 38 .
0
FC<50mcg/g FC<100mcg/g FCP<200mcg/g

Time to relapse was shorter in patients with calpro >200 after 12 weeks as compared to those <200 (P=0.01)

Osterman et al. Clin Gastro Heiatol 2014



Using FC in Acute severe ulcerative colitis

No colectomy vs colectomy

No colectomy Colectomy Pvalue
(n=39) (n=25)
887 1,200.0 0.04
(478.0-1,472.0) (677.0-1,900.0)
Response to treatment
Corticosteroid Corticosteroid P value
responders (n=28) nonresponders (n=36)
863.5 1100.0 0.08
(431.8-1,493.0) (663.5-1,817.5)
Infliximab Infliximab P value
responders (n=10)  nonresponders (n=7)
920.5 1,755.0 0.06

(603.8-1,483.8) (1,208.0-2,170.0)

Ho GT et al. Am J Gastroenterol. 2009
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Asymptomatic patients
=) assess the activity of the disease

*Predicting clinical relapse

*Predicting endoscopic relapse

(preceding clinical relapse)

*Predicting clinical relapse after top-down treatment




Predicting clinical relapse in quiescent
BD patient

Table 5. Studies Associating Increased Concentrations of Fecal Calprotectin With Relapse in Patients With Exacerbations in
Ulcerative Colitis

Patient Duration of remission Calprotectin concentration Relapse rate with Relapse rate with

Author population at entry to define elevated level low calprotectin, %  high calprotectin, %
Gisbert et al®: uc =6 mo =150 pg/g ( 9 N\ ( 31 )
Tibble et als uc 1-4mo =50 ug/g 102 852
Tibble et al®® CD 1-4mo =50 ng/g 152 857
Costa et al™ uc 1-12mo =150 ng/g 10 81
Costa et al™ CD 1-12mo =150 ng/g 57 87
D’Inca et al®2 uc 3-36 mo =130 ng/g 30 79
Sipponen et al®? uc +CD =3 mo (51% =12 mo) =100 png/g 25 39
Walkiewicz et al®4 CD Not stated =400 png/g \ 11 / \ 56 /

JEstimated from Kaplan-Meier curves

—

Lewis JD et al. Gastroenterolo

2011



Predicting clinical relapse in
asymptomatic UC and CD patients

Prospective study during 1 year of UC and CD patients in clinical remission

cD
ucC UC+CD with colonic involvement
e 200 “ 104 L"l‘
1000 - 1000 g 08
3 a0 P<0.01 B oo P<0.01 [ : | p <001
’ 0.6
.g. 600 g oo E
: E ° P
§ o 3 «o . :
200 xo ! :‘E 024 Calpeciecn < 120 108
" 1 . 1 1 . — Calprotecin > 120 39
reruecn relagae o s o » 0 &0 5
T capsed from last remisson (moeins)
FC > 2001¢/g: RR relapse X4 FC > 120ug/g: RR relapse X6 Predictive value similar in colonic CD and UC

Cut-off of 120 ug/g:
Sensitivity=80% and Specificity=60%

Valle Garcia-Sanchez, JCC 2009



Predicting clinical relapse in quiescent UC
patients on [FX

Deep Remission Flare
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Calprotectin levels < 50 pgl/g 2 consecutive calprotectin

predicts deep remission (Ss 83%, Sp 83%)

measurements of > 300 pg/g
predict flare (Ss 62%, Sp 100%)

M Devos et al. JCC 2014




Predicting endoscopic relapse in
asymptomatic CD patients

hsCRP <5 mg/L Calpro <250 pg/g hsCRP <5 mg/L and




Predicting clinical relapse after top-down
strategy

Clinical relapse in clinically quiescent CD patients after IFX interruption

800 , Relapsers

700
600
500
400

P=0.0004

300 | Non relapsers
200

100

Calpro (microg/g)

-14 -12 -10 -8 -6 -4 -2 0
Time before relapse

N De Surai BW iastro 2012
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Post-operative relapse

Clinical remission 3 years after surgery and Rutgeerts score

*50-70% of CD patients require surgery during Rutgeerts Score
their disease course io | Nolesions in the distal ileum 95%

i Less than 5 aphthous lesions in the distal ileum

° 1 .
POSt O pe rative recurrence PO R: iy > 5 aphthous lesions with normal mucosa between the lesions, or skip area of large lesions 85%

* 15-40% at 10 years or lesions confined to ileocolonic anastomosis

* 50-70% at 20 years i3 Diffuse aphthous ileitis with diffusely inflamed mucosa 60%

5%

i Large ulcers with diffuse mucosal inflammation or nodules or stenosis in the neoterminal

*POR predictors: {5
* Risk factors (patient, disease)

* Endoscopic score 6 months after surgery
(Rutgeerts score)

Geces KB. Poster 285 ECCO 2014; Bouhnik Y. Lille DIU 2014




Predicting post-operative relapse

Median pre-operative FC = 1347 ug/g

6 months post-surgery 18 months post-surgery Correlation with Rutgeerts score

14 - o 14 -
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FC > 100 pg/g => 89% sensitivity and 58% specificity, NPV=91%

Wright E. Gastroenterology 2015



Post-op correlation between faecal

calprotectin and Harvey Bradschaw Index

" Clinical activity (Harvey
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Dizeasa activity based on HBI score
Significant correlation between FC and HBI (r=0.53, p<0.001)

Very low levels in clinically inactive disease
Very high levels in severely clinically active disease

FC values in mild to moderate group are far more heterogeneous

Lamb CA et al. British Journal of Surieri 2009

Faecal calprotectin
levels (1g/g)

70-2(27-1)
437 7(78-0)
242.4{79.2)
B61-1(119-1)



Predicting post-operative relapse

Better performance for fCal compared to hsCRP

Association of fCal <100 pg/g and hsCRP <1 mg/I did not increase the performance of fCal concentration alone

Sensitivity

--- {Cal (AUC = 0.86)
— hsCRP (AUC = 0.70)
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Endoscopic
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recurrence

Boschetti G. Am J Gastroenterol 2015



Optimal Cut-Off

Optimal cut-off for FC in different situations

Situations Optimal cut-off
IBD or IBS 50-100 pg/g
IDB activity 250 ug/g
Relapse 250 pg/s

POR 100 pg/g
Response to treatment 100-150 pg/g
Mucosal healing 250 pg/g ?
Relaps in top-down strategy 250 pug/g?

Nancei S. Heiato-Gastro & Oncol. Dii. 2015



Testing for faecal Calprotectin at home

*Correlation coefficient with ELISA = 0.6285
*Intra-assay coefficient of variation = 4.42%
*Interassay coefficient of variation = 12.49%
*Sensitivity = 82%

*Specificity = 85%

*Positive predictive value = 47%

*Negative predictive value = 97%

*Optimal cut-off = 150 pug/g

Vinding K. Inflamm Bowel Dis. 2015



Conclusion

*Faecal calprotectin predicts patients with high risk of IBD and alows a better selection of
patients who require endoscopy. This strategy is cost saving.

*Faecal calprotectine is highly correlated with endoscopic and histological scores
- Accurate marker of deep remission

- ldentifes patients with endoscopic recurrence and high risk of clinical recurrence

*Although faecal calprotectin is correlated with post-operative endoscopic recurrence
colonoscopy is still mandatory 6 months after surgery

*The home testing faecal calprotectin is in development
- Reliable

- New way of monitoring by eHealth

°No Guidelines.



