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Summary(Word count: 250)

Background: Anti-tumor necrosis factai-(TNF-a) is used fothetreatmenbf severe cases of

inflammatory bowel diseases (IBD), including Crohn’s disease (CD) and ulcerative ¢i@is (

However, one-third of the patients do not respond to the treatment. We have previoustyaitecest

whether single nueleotide polymorphisms (SNPs) in genes involved in inflammatien w

associated 'with response to anti-TNF therapy among patients with CD or UC.

Aim:A new cohort of patients was established for replication of the previous finaidge a

identify new SNPs associated with amtiF response.
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M ethods: Fifty-threeSNPsassasedpreviously in cohort 1 (482CD and 256 p@&tients) were
genotyped in cohort 2 (587CD and 458UC patiefisg results were anagdusing logistic
regression (adjusted for agedagender).

Results: TenSNPswere associated with afENF response either among patients with CD
(TNFRSF14rs4449570)(0OR:1.92,95%Cl:1.02-3.60,p=0.04),
IL18(rs187238)(OR:1.35,95%Cl:1.00-1.82,p=0.05), 4A&K2rs12343867)(OR:1.35,95%CI:1.02-
1.78,p=0.03),"UC(TLRZrs11938228)(0OR:0.55,95%CI:0.33-0.92,p=0.02),
TLR4rs5030728)(0OR:2.23,95%CI:1.24-4.01,p=0.01) and (rs1554973)(OR:0.49,95%CI:0.27-
0.90,p=0.02)NFKBIA(rs696)(OR:1.45,95%CI:1.06-2.00,p=0.02), and
NLRP3rs4612666)(OR:0.63,95%CI:0.44-0.91,p=0)0d)in the combined cohort of patient with
CD and UC (IBD) TLR4rs5030728)(0OR:1.46,95%C]l:1.01-2.11,p=0.04) and
(rs1554973)(0OR:0:80,95%CI:0.65-0.98,p=0.08FKBIA(rs696)(OR:1.25,95%CI:1.01-
1.54,p=0.04)NERP3rs461266H OR:0.73,95%CI:0.57-0.95,p=0.02),
ILIRN(rs425196)(OR:0.81,95%CI:0.66-1.00,p=0.0%),18(rs194651% OR:1.24,95%CI:1.01-
1.53,p=0.04), andAK2rs1234386{OR:1.24,95%CI:1.01-1.53,p=0.04)

Conclusion: The resultsupportthatpolymorphisms irgenesnvolved in the regulation of the
NF«B pathway (TLR2 TLR4 andNFKBIA), the TNF-a signalingpathway(TNFRSF1A, and other
cytokine pathwaysNLRP3,IL1RN,IL18, andJAK2) wereassociated withesponse to aniNF
therapy.OurmultcSNP model predicted nesnse rate of more than 82% (in 9% of @12 patients)
and 75% (in 15% of thelC patients), compared to 71% and 64% inCill and UC

patientsrespectively. More studies are warranted to predict response for use in the clinic.

I ntroduction

Inflammatorybewel diseases (IBD), including Crohn’s disease (CD) and ulcerativesbli@), are
characterizedsby'a dysregulated inflammatory respbrigee diseases can be of great importance
to the affected"persons - in terms of reduced quality of life - and for the soitiggrns of cost of
lost labour due to sickness, treatment and medicine. Anti-tumor necrosisofdatd-TNF) are
therapeutic antibodies that block the binding ofgheinflammatorycytokine tumor necrosis
factora (TNF-a) to its receptors and limit downsam cellsignalingpathway<. Anti-TNF can
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also lead to apoptosis by binding to transmembrane T RE-Anti-TNF is used for the treatment
of severe cases of IBD, but appimmately onethird of the patients benefit minimally or not at all
from the treatmerft’.

PathogerAsseciated Molecular Patterns (PAMBsch as bacterial or viral DNA, flagellin or
lipopolysaccharid€LPS)can bind to thenembraneéboundToll-like receptors (TLRsleading to
increased inflammatiomediatedoy increased synthesis of a number of jpftemmatory cytokines.
PAMPs bound'bythe TLRasitiate a kinase cascade. This kinase cascade ultimately activates the
IKK -complex swhiel'phosphorylates and degrades the NFkB inhibitor IkBa 8. The releasetVFxB

is shuttled fram the cytosol to timeicleuswhere it acts as@anscription factor which initiates
expression of praand antiinflammatorycytokines®. One of the praaflammatorycytokines
activated by NExB is TNF-a, which feedbacktimulates NFkB by binding to TNF receptors
(TNFR1 or TNFR2) resulting in a kinase cascade similar to, but distimot fhe canonical
pathway inducedby TLRS

PAMPsmayalso be recognized by Néite receptors (NLRs), which are intracellular receptors.
NLRP3 is a subunit ohte inflammasomerotein complexeand can activatpro- IL-1p and 1L-18
which in turn/can activate the synthesis of other cytokififs

By using a.candidate gene approach of biological functional single nucleotyslegophisms
(SNPs)in selectedwpathways weave previouslydentified SNPs in genemvolved in inflammation
associatediWithesponse to anfiNF therapy amongatients with CD or UG**3 We have now
established aaw cohort of patients with CD &fC treated with ardiT NF. The aim of the present
studywasto replicate our previous results in the new cohort, andetatify new SNPs associated
with ant- TNF#esponse using thecreasd statistical power othe combined cohorThe
replication of thesresults in independent cohthe first step on the road ittentify the biological
pathways underlying treatment response and to dewaddopithms predighg treatment effetcfor

use in the clinic.

M aterialssand M ethods

Cohort

This article is protected by copyright. All rights reserved



This study was a replication of a previous study consisting of 482 CD and 256 UC Daieists pat
treated with antiTNF (cohort 1)'%*2 For thisstudy, a replication cohortcohort 2)of anti-TNF
treatedDanish patients witD or UCwas established. Themhort 2 was established using the

same approach agas used for establishing cohort’t® Saeening forMycobacterium
tuberculosig TB)infection is routinelyperformed in Denmark before initiation of treatment with
antrTNF treatmentEor the ohort 2, left over blood clots after whole blood analysisi®Bmwere
collected from01709.2009 to 31.01.2014 fropatients screened for tuberculosis at Statens Serum
Institut (Copenhagen, Denmark); the Department of Respiratory DiseaseéstiizeDepartment of
Clinical Micrabiology, Aarhus University Hospital (Aarhus, Denmark); the Diepamt of Clinical
Biochemistry, Herlev and Gentofte Hospital (Hellerup, Denmark); the Department of Biochemistry,
Hospital of Lillebaglt (Vejle, Denmark); and the Department of Biochemistry, Hospital of Slagelse
(Slagelse, DenmarkPatients with intestinal diseases (IK&Dcode K50K63) were identified by
linking the uniquepersonal identification number of Danish citizens (CPR-numb@rehich

blood sample with the National Patient Registry. Patient records from 23 medical departments were
examined an&87 CD and 458 UC pientstreated with antifNF were identified Figure 1 shows

how cohort 2 was established. Patients on infliximab were routinely treatecettssly at the
hospital whereas.adalimumab was selministered by the patienits™

In this retrospective studyeatment efficacyvas assessagsing the simple clinic8-step scalé®%°
reflected the besesponse within 2&eeks after initiationPatients with CD or UC with lumal

disease were categorised as hav{Aj:no response, meaning no improvement or worsening of
symptoms; (B)partial response, meansogne improvement of symptoms or reduction of steroid
dose without worsening of symptoms; (€$ponse, meaning absence or almost absence of all
clinical symptoms*without increasing teteroid dose. Patients with fistulising CD were categorised
as having: (A) no response, meaningmprovement or worsening of symptoms; (B) partial
response, meaning reduced secretion or discomfort from fistulas or closure of ome af $he
fistulas; (C) response, meaning closure of all fistulas evaluated by thussug®r no secretion.

The medical doctors reviewing the patient records regarding treatment responsd kFangre
blindedto genotyping results. Clinical and demographic characteristics of the patigntSD, UC,
andIBD for'the combined cohort (cohort 1 and 2 combjregé shown in Table 1, and data for

cohort 1 and cohort 2 are shown in Supporiiablel and 2 respectively.

Genotyping
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Biologicaly functionalSNPsin genes involved ithe NFkB, the TNF-a, and other cytokine
pathways previouslgssesseih cohort 1 wergenotypedn cohort 2%*3 Most of he SNPs
assessed kia previouslybeen examined by luciferase assay, enzinked immunosorbentssay
(ELISA), reverse transcriptase PCR, electrophoretic mobility shiftyg&VSA) or in flow
cytometry assay-to. havebilogical function which either increased or reduced gene activity

A list of all SNRsstudied, and the genotype distribution ampagers with CD, UC and IBDare
presented in Supportintable3-5, respectivelyMinor allelefrequencies arpresented in
SupportingTable6DNA extraction (Maxwell 16 LEV Blood DNA Kit; Promega, Madison),W
USA) was performed as describedBank et al**. Competitive AlleleSpecific Polymerase chain
reacton (KASP™), an end-point PCR technology, was used by LGC Genomics for genotyping
(LGC Genomics, Hoddesdon, United Kingdom) (http://www.lgcgenomics.cémia. quality
control, all SNPSs"Were replicated in 192 randomly selected samples (twellQ@lates nmus two
negative controls);yielding >99% identical genotypes. The average call rate for all SNPs was >
97%.

Power calculations

The Genetic Power Calculator was utilized for power analysis of discretétrdite ‘high-risk
allele frequency™was set to 0.10, ‘prevalence’ was set to 0.38ine was set to 1, type | error
rate was set t0,0.0and number of cases and contrase(responders:non&partiaesponders)
ratio was based on the actual distributions in the study group (found in Table 1).

Thecohort 1,.cehort 2, and the combined cohorts had more than 80% chance of detecting a

dominant effect with an odds ratio (OR) of 1.5, 1.4, and 1.3, respectively.

Statistical analysis

Logistic regression adjusted fage &treatmentindgendemwas used to compagenotypes
between (arespondersersusnon-respondergb) respondersersusnon- and partial-responders to
ant- TNF therapy among patients with CD, [ #hd IBD SupportingTable7 and 8 respectively.
Odds ratio unadjusted (crude) and adjusted for age at treatment, gender and subisipgteeen
(a) responders versus non-responders; (b) responders versus non- and partial-setspantier
TNF therapy among patients with CD, Ushd IBDwere includedn Suppaeting Table9-12.A
summary of SNPs associated with response toTdfitherapyand the biological effect of the
studied SNPs are shownTable2.
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A chi-square test or unpaireddst was used to test for statistically significant difference in
responséetween patients with CD and UC and differencein secondary parameteigender, age,
location, smoking, concomitant medication, CRP, amdlirbetween responders and non-
responders (Table 1) and for haplotype analysis (Suppdrébp13-15.

Statigical analyses,were performed using STATA\(StataCorp LP, College Station, TX, USA).

Results

Study population

The clinical and demographic characteristics of the BN treated patients witBD (482 and 587
from cohort 1'and 2, respectivegndUC (256 and458 from cohort 1 and 2, respectivehg well

asCD and UC.combined (IBD) are shown in Tabl& ke percentage of of patients treated with
infliximab, and.adalimumab were 87%, and 13%, respectively. In the combined cobrart, m
females (16%han"males (9%) were non-responders among patients with CD (OR: 1.92, 95% CI:
1.31-2.82, p = 0.001). Young age at treatment was associated with beneficial response (p = 0.0007)
among patients with CINever smokingvas associated witheneficial response (OR: 2.27, 95%

Cl: 1.29-3.99, p = 0.005among patients with CD.

Furthermorethe rate of non-response was higher amuatgents withUC than CD 23% (167

patients) and 13% (140 patients), respectively (OR: 1.98, 95% CI: 1.54-2.55, p = 0.0001)).

Polymor phisms associated with responsein CD

In the comhined cohort (cohort 1 and cohocombined, the homozygous variant genotype of
TNFRSF1A609G>T (rs4149570) (OR: 1.92, 95% CI: 1.02-3.60, p = 0.04) and the combined
homozygousand:the heterozygous variant genotyped8f137 G>C (rs187238) (OR: 1.35, 95%
Cl: 1.00-1.824p=0.047) arlhK2T>C (rs12343867) (OR: 1.35, 95% CI: 1.02-1.78, p = 0.03)

were associated with beneficial response among patients witlsaipdrtingTable7 and §.

Polymor phisms associated with responsein UC
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In the combined cohort, the homozygous variant genotyp&RRC>A (rs11938228) (OR: 0.55,

95% CI: 0.33-0.92, p = 0.02) afdlR4T>C (rs1554973) (OR: 0.49, 95% CI: 0.27-0.90, p = 0.02)
and the combined homozygous and the heterozygous variant genotiid3R8C>T (rs4612666)
(OR: 0.63, 95% Cl::0.44-0.91, p = 0.01) were associated with non-response among patients with
UC. The homezygous variant genotypeleR4G>A (rs5030728) (OR: 2.23, 95% CI: 1.24-4.01, p

= 0.01) and the .combined homozygous and the heterozygous variant genotyp&8oA 2758

G>A (rs696) (OR™1.45, 95% CI: 1.06-2.00, p = 0.02) were associated with beneficial response
among patients'with UCS(pportingTable7 and §.

Polymor phisms associated with responsein CD and UC combined (IBD)

In the combined cohort, the homozygous variant genotypeR#G>A (rs5030728) (OR: 1.46,
95% CI: 1.01=2711;"p = 0.04) and the combined homozygous and the heterozygous variant
genotypes oNFKBIA 2758 G>A (rs696) (OR: 1.25, 95% CI: 1.01-1.54, p = 0.04K2T>C
(rs12343867) (OR: 1.24, 95% CI: 1.01-1.53, p = 0.04)Iahd -607 C>A (rs1946518) (OR: 1.24,
95% CI: 1.01-1.53, p = 0.04) were associated with beneficial response among patieB®wit
The combined homozygous and the heterozygous variant genotypeR4T>C (rs1554973JOR:
0.80, 95% Cl. 0.65-0.98, p = 0.08)|.RP3C>T (rs4612666) (OR: 0.73, 95% CI: 0.57-0.95, p =
0.02) andL1RNT>C (rs4251961) (OR: 0.81, 95% CI: 0.66-1.00, p = 0.049) were associated with
non+esponseiaong, patients with IBSupportingTable7 and §.

SNPs associated with afftNF response i€D, UC, or IBD patientsand thebiological
interpretation.of.the associatiome summarized in TabR A forest plotof the SNPs associated

with anttTNF#espone in CD, UG or IBD patientss shown in Figure 2.

Haplotype analysis
Haplotype analysis ofFLR2 TLR4 andIL1B are shown irSupportingTable13-15,respectively.

No associations were found in the haplotype analysis.

Predictive value

Sensitivity, specificity, positive (PPV) and negative predictive value/{N& risk sum (number of
alleles) of the SNPs associated with drug respon€®iar UC in the combined cohort is shown in
Table3 and 4, respectivelfrorCD, patients witharisk sum of Sor 4-5 had a chance of 94%
(16/17) and 82% (75/92)espectivelyfor being responders to arfiNF treatmentompared to
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71% (760/1069jor all CD patientsThis value applied to% (171069 and %% (92/1069) of the
CD patientsrespectivelySimilarly, for UC, pdients with a risk sum of 6r 0-2 had a chance of
89% (8/9) and 7% (79/105) for being responders to anbl- treatmentcompared to 6% (459/714)
for all UC patients This value applied to% (9/714) and 156 (105/714)of the UC patients

respectively

Discussion

In this combinéd study (cohort 1 and 2 combined) 10 of the 53 SNPs assesseadFikBipathway
(TLR2(rs11938228)TLR4(rs5030728 and rs1554973), alNFKBIA (rs696)), the TNFx pathway
(TNFRSF1Ars4149570)), and other pmoflammatory pathways (L1RN (rs4251961)IL18
(rs1946518 and rs187233.RP3(rs4612666), andAK2(rs12343867)), were associated with
response to anti-INF among patients with CD or UC. In this comisinely 3 of thel5 SNPs
associated with tesponatter adjusting for ge and genden our previous studies of cohort?
were replicate@TER4 (rs5030728 and rs1554973) aldFRSF1Ars4149570)). Associations with
response to aniihNF havepreviouslybeenfound forthe TLR2(rs1188228),IL1RN (rs4251961),
IL18 (rs1946518), andAK2 (rs12343867) SNPs in unadjustathlysisor when adjusting for age,
gender and smoking**with the odds ratiin the same direction as in thitudy of cohort 1 and 2
combined and adjusted for age and gerfdi@ally, novel associations were found in tR€xB
pathway NFKBIA (rs696)) and in other prioflammatory pathwaysNLRP3(rs4612666) ant.18
(rs187238)).

Based on ourresults we made a predictive model of response To\&twhere wesummarised
the number_of allelegisk sum) of the SNPassociagd with response in CD or UT¢ble3-4, and
SupportingFigure=®2). Although our predicitive model héimited clinical value as it is, it shava
clear trem of treatment response associaneth allele coun{(risk sum)in the polygenetic
predictive model in both cohort 1 and cohora@din both CD and in UC patients (Supporting
Table B-19 and Supportingigure 36). This irdicatesthat with increasing number of SNPs
associated with response used in the predictive model and with increasing numhients pa

included, that a clinical useful predictive model for atiF treatment may bachieveable
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Hypothesisfree genome wide association studi@§VAS) and the establishment of more cohorts of
antrTNF treated patienis warrantedo adequately predict response to dmiF for clinical use.
Genetic studies of other diseases like breast cancer also started oothwding a low number of
patients and identifying few susceptibility SNR&w with incieasing numbers of patients
included in thesstudies and a change of focus from single SNP to creatindhaigantluding
multiple susceptibility. SNPs the models are increasingly getting value for clinical applation
Most of the"SNPs"assessed in our study have known biological effects thus allovaluge i
interpretation-of'the observed associations based on increased or reduced gepasctivit
summarized in Tabl@ andillustrated inFigure3 4131617282 Among patients with CD, the
association observed for titlFRSF1Ars4149570) polymorphism indicates that increased
expression of the TNE-receptor 1 >3 and thus increasexttivity of the TNFe pathway, was
associated with*beneficiatsponse. Furthermore, the association observed ftir1B8¢rs187238)
polymorphismrindicates that increased18-expression*>*>was associated with naesponse. In
addtion, the association observed for theK2 (rs12343867) polymorphism indicatibst
increased JAK2 expressidhiwas associated with naesponse. The JAK2 kinase interacts with
many different membrane receptansliuding the IFNG, 1L12, and 1L23 receptSr® The
associations for thik 18 (rs187238) and th#AK2 (rs12343867) polymorphisms both indicate that
genetically determined high activity other cytokine pathwaysay be able to maintain the
inflammation.even,after anliNF therapy and result in non-response.

Among patients with UC, the association observed foNfREBIA (IkBa) (rs696) polymorphism
indicates that reducedNFKBIA expressiorf® was associated with namsponse. IkBa acts as an
inhibitor of theftranseription factor NFkB which can activate many pro-inflammatory cytokines
including IL-1¥=Thus, reduced aefity of IkBa increases the activity of other cytokine pathways.
Again, as among patients with CD, it could be speculated that high activity of other pro-
inflammatory _cytokines may be able to maintain the inflammation even afterMdiRttherapy and
resultin non-response.

The polymorphisms ifTLR2(rs11938228) an@iLR4(rs5030728 and rs1554973) associated with
response among.patients with UC have unknown biological effect but they underscore the
importance ‘ofithe NFkB pathway in response to anti-TNF therapy40.

Furthermore, the association observed foiNh&P3(rs4612666) polymorphism indicates that
increased NLRP3 expressitnwvas associated with benefici@sponse. NLRP3 is involved in the

inflammasome complex which can activpte-IL-18. This may seem contradictory to the other

This article is protected by copyright. All rights reserved



results in this study which indicates that increasedl8lactivity was associated with non-response.
However, NLRP3 can also stimulate apoptosis as well as pyroptosis through@cati
caspase®“® Anti-TNF can induce apoptosis and it could be speculated, that aitF has a

better effect among,patientshase pranflammatory secreting cells are genetically determined
more prondor programmed cell deatim addition,the NLRP3(rs4612666) polymorphism has also
been found to:be associated with aFXiF therapy among patients with rheumatoid arthfftis

In the combined cohort of patient with CD and UC (IBD), the same polymorphisms tssodi
response iIlCD (JAK2 (rs12343867)) andC (NFKBIA (rs696),TLR4(rs5030728 and rs1554973)
andNLRP3(rs4612666)were faind. Furthermore, the association observed follthe

A*3>4was associated with

(rs1946518) polymorphism indicatdsat increased H18 expressio
non-responséis for the othepolymorphism inlL18 (rs187238), associated with response to anti-
TNF among patient with CO{ could be speculated thgénetically determined high activity of the
IL18 pathwaymaybe able to maintain the inflammation even after BN& therapy and result in
non-response. In addition, the association observed fot 1N (rs4251961) (ILL receptor
antagonist (IL-1RA) polymorphism indicatésat reduced IL1LRA level*® was associated with non-
responselL-1RA can bind to thé_-1p receptor and thereby inhiblt-1p signaling®. It could be
speculated thajenetically determineldigh activity of thelL-13 pathway may be able to maintain
the inflammation“even after asitiNF therapy and resuin non-responséhis interpretation is
supported by.another study which has reported an association between #le GFedl1143634 in
IL1B and higher serum ILfillevel and a lower response rate to -amtiF therapy among patients
with CD *. It couldbe speculated that some patients who do not respond fBN#tiRerapy may
have effecof IL-1B%nhibitors or perhaps a combination treatment with anti-TNHlarip

inhibitors.

The resultof this study should be interpreted with cautenmdshould be evaluated in other cohorts
of anti-TNF treated patient$n the light of the obtained Palues and the number of statistical tests
performed, we cannot exclude that some of our positive findings may be due to thaade(ror).
However, the direction of the odds ratio in all the 10 SNPs associated with respoisel ogasal
plausible when interpretated based on the allefeect on increased or reduced gene actwiiich

is very unlikely.if they werelbchancefindings (p = 0.001)We cannot exclude that associations
were not identified due to insufficient statistical pow@ne of the SNPs associated with response
in the cohort 1 study but not this studywasthelIL6 (rs10499563) polymorphismhere the

combined homozygous and the heterozygous variant genotypes were borderline assdliated wi
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beneficial response among patients with IBD (OR: 1.31, 95% CI: 0.99-1.71, p = 0.05). The variant
allelehas been shown teducell-6 expressiofi’ which would indicate thgtatients with

genetically determined high 1&-driven inflammatory responseeremore likely to be non-
responders tanti- TNF therapy This supports that theectivity of other cytokines than TNé-are
importantpredictors for the response to anbH- therapy.

A major strengtlof-this study was that this clinically homogeneous well-charactered cohort

was ratherlarge‘including 1783 patients with IBD treated withTaxE-which givesthe cohort

study more tBn"80% power to detect an odds ratio of 1.3 assuming a minor allele frequency of 0.10.
Furthermore, the found associations were biologically plausible. In additisnwyétl-known that
patients recruited.to clinical trials are selected and may not egpréeeal” patients. This study
collected clinical data frorpatients at 23 large gastroenterological cergebasic and specialized
hospitals in Deamark. Thus, the patients are representative of Danish patilersisvere IBD.
Althought thereollectiof patients from the clinical setting may give an advantage in that the
results may be readily transferable to the clinical setting, a drawback may be the definition of
response which may be challenging. In this study, we have used the simplé &is#gascale to
assess respanse, which has been used in other studies as \tdibartdrned out to be usef§r°.
Another strength is that a high compliance was ensured in this study as 87% oiethits peere
treated with infliximab which is administered intraveneously at the hospital

In conclusion,the results indicate thablymorphisms irgenesnvolved in the regulation of the
NF«B pathway (TLR2 TLR4 andNFKBIA), the TNF-a signalingpathway(TNFRSF1A, and other
cytokine pathwaysNLRP3,IL1RN, IL18 andJAK2) wereassociated witlhesponse to antiNF
therapy. Overalitheassociations iTNFRSF1A, ILLIRNandIL18 indicate that patients with
genetically determined high TNdriven inflammatory response are most likely to benefit from anti
TNF therapywhile patients with genetically determined high1p or IL-18-driven inflammatory
response seein be lesslikely to benefit from antiFNF therapy perhaps because these cytokines
may be able to maintain the inflammation even afterBN& therapy and thus result in non-
response. More studies including larger cohorts and using genmaenalysis are warranted to

develop genetic biomarkers to predict response to anti-TNF for use in the clinic
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Table 1: Clinical and demographic characteristics for the combined Danish cohort (cohort 1 and cohort 2 combined) for anti-tumor necrosis factor alpha (TNF-a) naive patients with Crohn's disease, ulcerative

colitis and inflammatory bowel disease treated with anti-TNF.

Crohn's disease (CD)

Ulcerative colitis (UC)

Inflammatory bowel disease (IBD)

Non- Non&Partial Non- Non&Partial

Characteristics Responders  responders  responders p? p? Responders responders responders p?
Efficacy - no (%) 761 (71) 140 (13) 308 (29) - - 1220 (68) 307 (17) 563 (32) -
Gender - no (%)
Male 356 (75) 44 (9) 117 (25) 577 (71) 121 (15) 239 (29)
Female 405 (68) 96 (16) 191 (32) 8*10 0.72 643 (66) 186 (19) 324 (34) 0.06

A
Age, years
Age at treatment, median‘(range) 33 (3-79) 40 (16-77) 38 (15-77) 710 0.68 35 (3-84) 38 (15-81) 38 (7-81) 710

n4 A3
Anti -TNF antibody treatment
Infliximab 624 (82) 103 (74) 240 (78) 1066 (87) 254 (83) 474 (84)
Adalimumab 135 (18) 36 (26) 67 (22) 0.03 3*10° 146 (12) 52 (17) 88 (16) 0.01

-4

Golimumab 2(0) 1 (0) 1(0) - - 8 (1) 1(0) 1(0) -
Location - no (%)
lleal (L1) 198 (26) 47 (34) 84 (27) 0.08 - 198 (26) 47 (34) 84 (27) 0.08
Colonic (L2) 249 (33) 39 (28) 98 (32) 0.28 - 249 (33) 39 (28) 98 (32) 0.28
lleocolonic (L3) 263 (35) 43 (31) 97 (31) 0.38 - 263 (35) 43 (31) 97 (31) 0.38
Data not available 51 (7) 11 (8) 29 (9) - - 51 (7) 11 (8) 29 (9) -
Location - no (%)
Proctitis (E1) - - - - 0.64 83 (18) 33 (20) 48 (19) 0.64
Left side (E2) - - - - 0.63 144 (31) 56 (34) 83 (33) 0.63
Extensive (E3) - - - - 0.41 185 (40) 61 (37) 89 (35) 0.41
Data not available - - - - - 47 (10) 17 (10) 35 (14) -
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Smoking history, at treatment
—no (%)

Current smoker

Former smoker

Never smoker

Data not available

Concomitant medication — no (%)
Azathioprine

5-aminosalicylates

Glucocorticoids

Methotrexate

Antibiotics

C-reactive protein (CRP) and F -
calprotectin — no (%)

> 25% decrease in CRP within 22
weeks. Baseline CRP >20 mg/L

> 25% decrease in F=cal within 22
weeks. Baseline F-cal’>200 mg/kg

192 (25)
75 (10)
163 (21)
331 (43)

167/169
(99)
158/163
(97)

37 (26)
11 (8)
15 (11)
77 (55)

51 (36)
12(9)
57 (41)
4(3)
12 (9)

15/24
(63)
13/20
(65)

47/58
(81)
44/56
(79)

0.83
0.53
0.01

0.57
0.60
0.01
1.00
0.06

32 (7)
96 (21)
91 (20)
240 (52)

84/84
(100)
106/108
(98)

15/28
(54)
13/24
(54)

11 (4)
55 (22)
52 (20)
137 (54)

73 (29)

105 (41)

128 (50)
2(1)
16 (6)

27/42
(64)
29/45
(64)

0.13
1.00
0.82

0.69
0.36
0.65
0.69
0.30

110

5*10
rg

251/253
(99)
264/271
(97)

43 (14)
46 (
50 (
168

—_ =

—

55)

98 (32)
84 (27)

144 (47)
5(2)
23 (7)

30/52
(58)
26/44
(59)

96 (17)
85 (15)
96 (17)
286 (51)

74/100
(74)
73/101
(72)

0.24
0.82
0.22

0.32
0.01
0.02
0.60
0.11

3*10
A17
3*10
A12

p-values were calculated by comparing responders versus non-responders.
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Table 2: Biological interpretation of the single nucleotide polymorphisms (SNPs) associated with anti-TNF response in Crohn's disease (CD), ulcerative colitis (UC) or inflammatory bowel

disease (IBD) patients in the combined Danish cohort (cohort 1 and cohort 2 combined).

Gene Rs-number  Pathway Model OR (95% CI) P-value Effect of minor -allele Biological interpretation
Crohn's disease (CD)
TNFRSF1A | rs4149570 Cytokines TTvs GG  1.92(1.02-3.60) 0.04% -609T increase expression in Increased TNF-a receptor 1 expression was associated with
PBMC * beneficial response. This indicates that genetically
determined high TNF-driven inflammatory response was
associated with beneficial response.
IL18 rs187238 Cytokines GCvs GG 1.35(1.00-1.82)  0.047° -137C reduce IL-18 level in Reduced IL-18 expression was associated with beneficial
serum * and expression in response. This indicates that genetically determined high
PBMC * IL18-driven inflammatory response was associated with non-
response.
JAK2 rs12343867 Cytokines TC or CC 1.35 (1.02-1.78)  0.03° rs12343867C reduce expression  Reduced JAK2 expression was associated with beneficial
vs TT in granulocytes and K562 cells ®  response. The JAK2 kinase interacts with many different

Ulcerative colitis (UC)

membrane receptors including the IFNG, IL12, and IL23
receptor *"*. This indicates that genetically determined high
activity of other pro-inflammatory pathways was associated

with non-response.

TLR2 rs11938228 Pathogen AAvs CC  0.55(0.33-0.92) 0.02° Unknown *° -
recognition
TLR4 rs5030728  Pathogen AAvs GG 223 (1.24-4.01) 0.01° Unknown * -
recognition
TLR4 rs1554973  Pathogen CCvsTT  0.49(0.27-0.90) 0.02° Unknown * -
recognition
NFKBIA rs696 Pathogen GA or AA 1.45 (1.06-2.00)  0.02° 2758A increase expression in Increased NFKBIA expression was associated with
recognition  vs GG HCT116, HT29 and SW480 beneficial response. IkBa acts as an inhibitor of the
cells transcription factor NFKB which can activate many pro-
inflammatory cytokines including IL-1B °. This indicates that
genetically determined low NFkB activity, and thus low
activity of other pro-inflammatory pathways, was associated
with beneficial response.
NLRP3 rs4612666 Apoptosis CTorTT 0.63 (0.44-0.91)  0.01% rs4612666T reduce expression Reduced NLRP3 expression was associated with non-
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vs CC in THP-1 cells *' response. NLRP3 is involved in the inflammasome complex
and can also stimulate apoptosis through activation of
caspases “**. Anti-TNF can induce apoptosis ** and it could
be speculated, that anti-TNF has a better effect among
patients, whose pro-inflammatory secreting cells are
genetically determined more prone for programmed cell
death.
Inflammatory bowel disea se (IBD)
TLR4 rs5030728  Pathogen AAvs GG  1.46(1.01-2.11)  0.04° Unknown *© Same as for UC.
recognition
TLR4 rs1554973  Pathogen TCorCC  0.80(0.65-0.98) 0.03" Unknown *° Same as for UC.
recognition  vs TT
NFKBIA rs696 Pathogen GAorAA  1.25(1.01-1.54) 0.04° 2758A increase expression in Same as for UC.
recognition  vs GG HCT116, HT29 and SW480
cells *
ILIRN rs4251961 Cytokines TCorCC  0.81(0.66-1.00)  0.049° rs4251961C reduce IL-1RA level  Reduced IL-1 receptor antagonist (IL-1RA) level was
vs TT in Serum and HEK293T associated with non-response. IL-1RA can bind to the IL-13
cells 548 receptor and thereby inhibit IL-1B signaling *°. This indicates
that genetically determined high IL-1B-driven inflammatory
response was associated with non-response.
IL6 rs10499563  Cytokines CTorCC 1.31 0.99-1.71) 0.052° —6331C reduce expression in Reduced IL-6 expression was borderline associated with
vs TT serum ¥’ beneficial response. This indicates that genetically
determined high IL6-driven inflammatory response was
associated with non-response.
IL18 rs1946518 Cytokines GTorTT 1.24 (1.01-1.53)  0.04° -607AA reduce IL-18 level in Reduced IL-18 expression was associated with beneficial
vs GG serum **** and expression in response. This indicates that genetically determined high
PBMC * IL18-driven inflammatory response was associated with non-
response.
NLRP3 rs4612666 Apoptosis CTorTT 0.73 (0.57-0.95)  0.02° rs4612666T reduce expression Same as for UC.
vs CC in THP-1 cells *'
JAK2 rs12343867 Cytokines TC or CC 1.24 (1.01-1.53)  0.04° rs12343867C reduce expression  Same as for CD.
vs TT in granulocytes and K562 cells *

PBMC: peripheral blood mononuclear cell.

®Responder vs non-responders.
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PResponder vs non- and partial.responders.
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Table 3: Odds ratio (OR), 95% confidence interval (95% Cl), sensitivity, specificity, positive (PPV) and negative predictive value (NPV)
for the risk sum (number of alleles) of the three single nucleotide polymorphisms associated with drug response in Crohns disease in

the combined cohort.

Risk sum Non&partial-
(number of alleles)® Responders responders OR 95% Cl p-value  Sensitivity ~Specificity PPV NPV
5(N=17) 16 1 1 - - - 94 6
4 (N =75) 59 16 4.34 (0.53-35.24) 0.18 98 79 21
3 (N =223) 166 57 5.49 (0.71-42.36) 0.08 90 74 26
2 (N = 305) 215 90 6.70 (0.88-51.27) 0.049 68 24 70 30
1 (N =294) 202 92 7.29 (0.95-55.78) 0.028 40 53 69 31
0 (N = 154) 102 52 8.16 (1.05-63.22) 0.024 13 83 66 34

The risk sum was calculated by summarising the number of risk alleles for the three SNPs associated with drug response in Crohns
disease (TNFRSF1A, rs4149570 (GG=0; GT=1; TT=2), IL18, rs187238 (GG=0; GC=1; CC=2) and JAK2, rs12343867 (TT=0; TC=1;

CC=2)).
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Table 4: Odds ratio (OR)»95% confidence interval (95% Cl), sensitivity, specificity, positive (PPV) and negative predictive value (NPV)
for the risk sum (numberof alleles) of the five single nucleotide polymorphisms associated with drug response in ulcerative colitis in the
combined cohort.

Risk sum Non&partial-

(number of alleles)®  Responders responders OR 95% Cl p-value  Sensitivity Specificity PPV NPV
8(N=12) 3 9 1 - - B B 25 75
7 (N =42) 18 24 2.25 (0.53-9.52) 0.33 99 4 43 57
6 (N = 88) 49 39 3.77 (0.96-14.87) 0.064 95 13 56 44
5 (N =151) 90 61 4.43 (1.15-17.01) 0.031 85 28 60 40
4 (N =180) 122 58 6.31 (1.65-24.19) 0.0042 65 52 68 32
3 (N =136) 98 38 7.74 (1.99-30.12) 0.0017 39 75 72 28
2 (N=66) 46 20 6.90 (1.69-28.21) 0.0048 17 90 70 30
1 (N =30) 25 5 15.00 (2.96-75.91)  0.00063 7 98 83 17

0(N=9) 8 1 24.00 (2.06-279.64) 0.0075 2 100 89 11

*The risk sum was calculated by summarising the number of risk alleles for the five SNPs associated with drug response in ulcerative
colitis (TLR2, rs11938228 (CC=0; AC=1; AA=2), TLR4, rs5030728 (GG=2; GA=1; AA=0), TLR4, rs1554973 (TT=0; TC=1; CC=2),
NFKBIA, rs696 (GG=2; GA=1; AA=0) and NLRP3, rs4612666 (CC=0; CT=1; TT=2).
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Figure 1. Flow diagram showing how cohort 2 was established.

Inclusion period

Blood samples;sent from the Danish hospitalsvigcobacterium tuberculosscreening were

collected from01.09.2009 to 31.01.2014.

Samples

In the inclusion period 44,224 blood sampleq

were collected fram™24,596 patients.

il

)

| dentification

4,045 patients had I€D-10 codes of K50-
K63.

Screening

2,191 patientsrbm 23 medical department
had ICD10 codes'of K50-K63 and their

patient recordsvere examined.

[ ]
Eligibility

834 CD and 67%C patientswith
inflammatory bowel diseases were

)

registered

)

Excluded
20,551patientsdid not havdCD-10 codes
of K50-K63.

Excluded

1,854 patients were from other departments
than the departmenf medicineor from
general practitioners

Excluded

Data from 682 patients were not registed
because of missing data or no confirmed QD
or UC diagnosis.

Excluded
247 CD and 217 U@atients vere not
treated with antiTNF.
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/Included

587 CD and 458"UC"patientgere treated with anrfiNF. The patients had not previously been
treated withantFTNE.

~

Response was achieved &% (406) and 65% (296) of the patients with CD and UC respectivel
Non or partialresponse was achived by 31% (181) and 35% (162) of the patients with CD and

respectivelywithin 26 weeks of treatment.

o

/
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Figure 2: Forest plot. Joint estimates for the two cohoris adjusted for age at treat tand sex-using fixed effects meta-analysis.
CD: TNFRSF1A RS4149570 (a) | Odds ratio (35% Cl) % Weight
Cohort 1 > 3.29(1.16,9.31) | 37.95
Cohort 2 - 1.29(0.57,2.91) 62.05
Cohort 1 &2 T ——— 184(097,3.49) 100.00
CD: IL18 RS187238 (b)
Cohort 1 ——— 1.37(0.88,2.13) 46.09
Cohort 2 . e c— 1.29 (0.86, 1.94) 53.91
Cahort1 &2 i —  — 1.33(0.98,1.79) [ 100.00
I
CD: JAK2 RS12343867 (b)
Cahort 1 B — 1.22 (0.80, 1.85) 43.89
Cohort2 | ————— 146 (1.01,2.11) 56.11
Cohert 1 &2 - 1.35(1.02,1.78) _ 100.00
UG TLR2 RS11938228 (b)
Cohort 1 < — 0.52(0.22, 1.23) | 36.79
Cofort 2 0.56 (0.29, 1.08) 63.21
Cohort1 &2 —_— 0.54 (0.32,0.92) 100.00
UG TLR4 RS5030728 (b) |
Cahort 1 > 290(1.17,7.17) [ 4258
Cohort2., - 1.83 (0.84, 3.99) 57.42
Cohort 1 &2 —_—  ——— 323(123,4.02) 100.00
UC: TLR4 RS1554973 (b) | |
Coliet] o € 0.31(0.08,1.17) 21.41
Cohort 2 0.56 (0.28, 1.12) 78.59
Cohort 1&2 —_—  —— 0.49 (0.27, 0.91) | 100.00
UC: NFKBIA RS696 (b)
Cohort 1 | 1.50 (0.88, 2.57) | 3512
Cohort 2. +— 1.44 (0.97,2.14) | 64.88
Céhort 182 —_ _— 1.46 (1.06,2.01) | 100,00
UG: NERP3:RS4612666 (a)
Cohort1 0.74 (0.41, 1.33) 3777
Cahort2s R — e — 0.57 (0.36, 0.90) 62.23
cohort 182 o 0.63 (0.44, 0.90) 100,00
IBD-TLRAIRS5030728 (b)
Cohort 1 1.86 (1.04,3.32) 40,31

ohort 2 — 1.23 (0.76, 1.98) 59,69
Cohoitid & 2 e 1.45(1.01,2.10) 100,00
IBD:TERY RS1554973 (b) |
ﬁm —— 0.71 (0.51, 0.99) 39.80
Cohort 2 —_— 0.87 (0.66, 1.14) 60.20
Cohort 1 &2 - e 0.80 (0.65, 0.99) 100.00
IBD: NFKBIA RSB96 (b)
Cahert 1 1.29(0.93, 1.79) 40,66
Céhort 2 +— 1.22 (0.93, 1.60) 59.34
Cohortdpé2 o 125(1.01,1.54) 100.00
I8D: IL1RN RS4251961 (b)
Cohgitd —— 0.79(0.57, 1.10) | 40.90
Cohort 2 ———]— 0.82 (0,62, 1.08) | 59.10
Cohort 182 A 0.81 (0.65. 1.00) 100.00
%@;@m«;wsaa (a)

chort 1 T 1.46 (0.95, 2.25) 39.81
Cahort 2 —— 1.21(0.85,1.72) 60.19
Cohort 162 = 1.30 (0.99, 1.71) | 100.00
IBD: IL18 R§1946518 (b)
Cohort1 | 1+ 1.34 (0,97, 1.86) 40,09
Cohort.2.. 1 1.7 (0.89, 1.53) 59.91
Cohort182 o 1.24 (1,00, 1.52) 100,00
BRINLRP3 R54612666 (a)
E—gﬁon 1 R E—— 0.73 (0.49, 1.08) 4218
Cohiti2 — o— | 0.73 (0.52, 1.02) 57.82
Cohort 1 &2 e 0.73 (0.57, 0.94) 100.00
IBD: JAK2 RS12343867 (b)
Cohort 1 R — 1.02 (0.74, 1.41) 4041
Cohort 2 —— 1.44 (1.10, 1.88) 59.59
Cohort 1 &2 et 1.25(1.02, 1.54) 100.00
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Figure 3: Si @ overview of the pathways assessed.
Polymorphis enes associated or not associated with responseltdfattierapy among
patients wi&s disease or ulcerative colitis are written in white and red, respectively. Genes

not studiedMen in black.

Green: Increﬁene/protein activity was associated with beneficial response

Purple: Incre ene/protein activity vaasociated with non-response.
Blue: The bi al effect was unknown.
Yellow: The ere not studied (black text) or were not associatetegfiionse (red text).
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